Desoﬁiptioﬁfo!ETLLZED LI QUI D ENZYMATI C COVPCSI TI ONS Techni cal Fiﬂﬁ?%ﬁﬂg’
presgnt igvention relates to novel fornulations for stabilizing

enzynmes contained in liquid enzymatic conpositions. These stabilizing ) 5
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conpositions, even at high and | ow tenperatures. The invention also relates
to stabilized liquid enzymati c conpositions. Additionally, the invention
relates to novel nmethods for the stabilization of liquid enzymatic
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invention relates to novel methods for the stabilization of
liguid enzymatic compositions.
Backgroﬁnd of the Invention

The use of enzymes and liquid enzymatic compositions in
industry and in the commercial marketplace has grown rapidly
over the last several years. As is well-known, enzymes can
be acid, alkaline or neutral, depending upon the pH réngé in
which they are active. All of these types of enzymeé are ‘
contemplated to be useful in connection with the znventlon

?eaning formulations. in addition to thelr
» quLd detergents, enzymes and l;quld }. e

variety of enzyme classes are now used.

Proteases are a well-known class of enzymes frequently
utilized in a wide variety of industrial applications where
they act to hydrolyze peptide bonds in proteins and '
proteinaceous substrates. Commercially, the greatest uses of
proteases are made in the laundry detergent industry, where
they help to remove protein based stains such as blood or egg
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-2- stains, andyln t he cheesenaking i ndustry, where they aid in curdling

m | k¥ Profeases are al so used as neat tenderizers, for softening |eather,
for nodi fying food ingredients, and for flavor developnent. Li quid
enzymati c conpositions containing al kaline,proteases have al so showmn to be
useful as dispersants of bacterial filns 3fd al gal and fungal mats in
cooling tower waters and netal working fluid contai nnent bays. Proteases can
be characterized as acid, neutral, or al kaline proteases dependi ng upon the
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are available under the names Rennilase®, "PTN" (Pancreatic
Trypsin NOVO), "PEM" (Proteolytic Enzyme Mixture), Neutrase®,
Alcalase®, Esperase®, and Savinase™ which are all supplied by
Novo Nordisk Bioindustrials, Inc. of Danbury, CT. Another
commercial protease is available under the name HT-

Proteolytic supplied by Solvay Enzyme Products.

Amylases, another class of enzymes, have also been
utiliged in many Lndustrlal and commercial processes in which
they act to catalyze or accelerate the hydrolys;s of staxch.
Amylases are used largely in the corn syrup lndustry for the

-~ production of glucose Syrups, maltose syrups, and a variety
of other more refined end products of starch hydrolysis such
as high fructose syrups. As a class they include a-amylase,
g-amylase, amyloglucosidase (glucoamylase), fungal amylase,
and pullulanase. Commercial liquid enzymatic compositions
containing amylases are available under the names BAN,
Termamyl®, AMG, Fungamyl®, and Promozyme™, which are supplied
by Novo Nordisk, and Diazyme L-200, a product of Solvay
Enzyme Products.

Other commercially valuable enzyme classes are those
which affect the hydrolysis of fiber. These classes include
cellulases, hemicellulases, pectinases, and g-glucanasese
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whi ch affect the hydrolysis of fiber. These classes include cellul ases,
hemycel | 4l ases, pectinases, and [err]-gl ucanases. -3- Cellul ases are
enzynmes that degrade cellulose, a |inear glucose polynmer occurring in.the
cell walls of plants. Hemicellul ases are rivolved in the hydrolysis of
hem cel | ul ose which, |ike cellulose, is a polysaccharide found in plants.
The pectinases are enzynes involved in the degradation of pectin, a
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process of old newsprlnt (ONP) wastepaper, eliminating the

need for any surfactants and alkaline chemicals. The enzymes
dislodge inks from fiber surfaces and disperse ink particles
to a finite size. See S. Say-Kyoun Ow, Biological De-Inking
Methods of Newsprint Wastepaper, World Pulp and Paper
Technology, pp. 63, 64 (1992). Collectively, cellulases
include 9ndocellulase, exocellulase, exocello-biohydrolase,
and cellobiase. Commercial liquid enzymatic compositions
containing cellulases are available under the names .
Celluclast® and Novozym0188 which are both supplled by Novo
Nordisk.
Hemlcellulases are also used in the de-inking process to
- dislodge ink particles from the fiber surface of ONP. §§g.D.
Y. Prasad et al., Enzyme Deinking of Black and White
Letterpress Printed Newsprint Waste, Progress in Papex
Recycling, May 1992, pp. 21, 22. Additionally,
hemicellulases, such as the xylanases, are employed in the
pulp bleaching process. Xylanase pretreatment of kraft pulps
has resulted in major reductions in bleaching chemical
requirements, such as molecular chlorine, and has also
improved pulp quality as reflected by higher brightness
ceilings. See D. J. Senior et al., Reduction in Chlorine Use
During Bleaching of Kraft Pulp Following Xylanase Treatment,
Tappi Journal (forthcoming publication; aspects of the



pul p bl eaching process. Xylanase pretreatment of kraft pulps has resulted
in major sreductions in bleaching chem cal requirements, such as mol ecul ar
chlorine, and has also inproved pulp quality as reflected by higher
brightness ceilings. See D. J. Senior et gﬁ., Reduction in Chlorine Use
During Bl eaching of Kraft Pul p Followi ng XyTanase Treatnent, Tappi Journal
(forthcom ng publication; aspects of the -4- publication were presented
at the 1991 International Pul.p Bl eaching Conference, Stockholm.
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cell walls HPFALH [err]-glucans is necessary. [err]-glucanases are
conpri sed of |ichehaspectinasesi arecnsaddconmgireiaddycto weaken cell

walls and enhance extraction of fruit juice, as well as to
aid in decreasing viscosity and preventing gelation in these
extracts. Pectinases consist of endopolygalacturonase,
exopolygalacturonase, endopectate lyase (transeliminase),
exopectate lyase (transeliminase), and endopectin lyase
(transeliminase). Commercial liquid enzymatic compositions
containing pectinases are available under the names Pectinex™
Ultra SP and Pectinex™*, both supplied by Novo Nordisk.

The g-glucanases are of importance in malting and
brewing industries where modification of barley cell walls
containing g-glucans is necessary. p-glucanases are
comprised of lichenase, laminarinase, and exoglucanase.
Commercial liquid enzymatic compositions containing §-
glucanases'a;e available under the names Novozym®234,
Cereflo®, BAN, Finizym®, and Ceremix®, all of which are

supplied by Novo Nordisk.

Two additional classes of industrially and commercially
useful enzymes are lipases and phospholipases. Lipases and
phospholipases are esterase enzymes which hydrolyze fats and
oils by attacking the ester bonds in these compounds.
Lipases act on triglycerides, while phospholipases act on
phospholipids. In the industrial sector, lipases and
phospholipases represent the commercially available



Commercial liquid enzymatic conpositions containing [err]- glucanases are
avai;l abl @ under the nanes Novozynierr] 234, Cereflo[err], BAN, Finizynierr],
and Cerem x[err], all of which are supplied by Novo Nordi sk. Two additi onal
classes of industrially and comercially_giseful enzynes are |ipases and
phosphol i pases. Lipases and phosphol i pases are esterase enzynes which
hydrol yze fats and oils by attacking the ester bonds in these conpounds.

Li pases act on triglycerides, while phospholipases act on phospholipids. In
t he i ndust esglragesqr andi paths canxemtasp o ver o avambegyr esonindywetrial and

commer ci al 1.y avai l.aRkl ST erases, and both currently have a nunber
of industrFéngﬁglggnﬁgpéfggtﬁg%lFcations. In the pul p and paper industry,

1iquid enzyne pEap&het pudp esd: Hareyry INdRESY had PO BIEYES be

particul ar b)éegki ehit ohd cedtaiiRdnd GlHLaRo Hdve Ohiréwdn St@rse ot her equi pent
during the“pr chctlon roc sib,For elggﬁhf, Ihg}aieatnent of ung%each d

sul fite puPprkicNlprd: sé‘?egf"‘i T 5%{ RV (PRI H TR R P EUTcE Phe
content of oghlesr icaulipmhenti durdng diss pivdictien remeessl y For esanplef
pitch deposition durin e #ﬁggﬁ | GESth n rted.
See K Fis%h rgfﬁﬁ%ﬁgn%bggngg%ﬁgélu0|ng f%ﬁ%?g?gﬂ% Pltcﬁﬂ?§a€€§pp%FP?s By
Li pol ytic Eozpleachimgpiwitdychdiorins, tageduge the) cORRRPNPEI sk narket s
tR wo | i qui[ dcﬁfiaﬂﬁA 2%%%&@1%&&1&5 éﬁlﬁél@f?ﬁe Respdwised By I thé\ eadtse of

esi nase[ err. , _bath o i.C nder_certain go S e
reduce pi tm]tﬁépmléﬁ% Auring fLi'b%/ %?%%ﬁi%m&%#%%rg&r E‘Fﬁgg%ﬁ g#p
Anot her i mpeenatepoarted. | Sees & iBischeleprddsk. Mersnend Reduging t he

| eat her maki R p@%ﬁﬂ;jyfé& @1 Pk CBYSE éﬂyﬁﬂ@jﬂﬁﬁﬁhég,“@&?pi
speci al profieases and enul sifyi ng stens to ald, de rea3|ng, agomik ga to
i nprove t hdoysmlng Feb. 1992, p. 130. Novo Nordisk markets t qu
enzyme preparations under the names Resinase™ A and Resinase™
A 2X, both of which, under certain conditions, reportedly
reduce pitch deposits significantly by breaking down wood
resins in pulp.
Another important use of lipases is to degrease hides
and pelts in the leathermaking process. Alkaline lipases are
used in conjunction with special proteases and emulsifying
systems to aid degreasing, as well as to improve the soaking
and liming effect in leathermaking. See J. Christner, The
Use of Lipases in the Beamhouse Processes, 87 J.A.L.C.A. 128
(1992). | L ' .
Lipaseé have also been used for the development of
flavors in cheese and to improve the palatability of beef
tallow to dogs. In nonaqueous systems, lipases have been
employéd to synthesizé esters frqm carboxylic acids and

alcohols. . i :

Commercial liguid enzymatic'compositions containing
lipases are available under the names Lipolase 100, Greasex
50L, Palatase™A, Palatase™VM, and Lipozyme™ which are all
supplied by Novo Nordisk.

With respect to the commercially useful phospholipases,
pancreatic phospholipase A, has been used to convert lecithin
into lysolecithin. Lysolecithin reportedly is an excellent
emulsifier in the production of mayonnaise and the baking of



and [imng effect in | eat her maki ng. See J. Chfistner, The Use of Lipases in.
t he Beamhouse Processes, 87 J.A L.C. A 128 (1992). Lipases have al so been
used for the devel opnent of flavors in cheese and to inprove the

pal atability of beef tallow to dogs. In ngnaqueous systens, |ipases have
been enpl oyed to synthesize esters fron1cé?boxylic aci ds and al cohol s.
Commercial liquid enzymatic conpositions containing |lipases are avail able

under the names Lipol ase 100, Greasex 50L, Pal atase[err]A Palatase[err]M
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supplied by Novo Nordisk.

Redox enzymes are enzymes that act as catalysts in
chemical oxidation/reduction reactions and, consequently, are
involved in the breakdown and synthesis of many biochemicals.
Currently, many redox enzymes have not gained a prominent
place in industry since most redox enzymes requiré the
presence of a cofactor. However, where cofactors are an
integral part of an enzyme or do not have to be supplied,
redox enzymes are commercially useful, particularly in the
food processing industry. ” '

The redox enzyme, glucose oxidase, is used to prevent
unwanted browning reactions affecting food color and flavor.
Glucose oxidase is also used as an "oxygen scavenger" to
prevent the development of off-flavors in juices.and to
preserve color and stability in certain sensitive food
ingredients. The redox enzyme, catalase, has been utilized
to decompose residual "hydrogen peroxide used as a sterilizing
agent. A third redox enzyme, lipoxidase (lipoxygenase),
found naturally in soya flour and not usually purified for
industrial use, is used in baking, not only to obtain whiter
bread, but also to reverse the dough-softening effects caused
by certain agents. Other redox enzymes have possible
applications ranging from the enzymatic synthesis of steroid
derivatives to use in diagnostic tests. These redox enzymes
include peroxidase, superoxide dismutase, alcohol oxidase,
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si nGe nost redox enzynes require the presence of a cofactor. However,
where cofactors are an integral part of an enzynme or do not have to be
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enzymatic compositions, stored in warehouses in various .
climates around the world where the product is subjected to a
temperature that may range from freezing to above 50°C for
extended periods. After storage at temperature extremes
ranging from 0°C to 50°C for many months, most liquid
enzymatic compositions lose from 20 to 100 percent of their
enzymatic activity due to enzyme instability.

Various attempts have been made to stabilize enzymes
contained in liquid enzymatic compositions. Attempts to
increase the stability of liquid enzymatic compositions using
formulations containing alcohols, glycerols,
dialkylglycolethers,.and mixtures of these and other
compounds have had only marginal success, .even in moderate
storage temperature ranges.

~In U.S. Patent No. 4, 801,544, a system of ethylene
glycol and ethoxylated linear alcohol nonionic surfactant
with hydrocarbon solvent was utilized as a stabilizer and the
encapsulation of enzymes in micelles within the solvent/
surfactant mixture was described. However, the water content
of the composition was kept at less than 5 percent, and
enzyme stability was checked at 35°, 70° and 100°F.

The stabilization of an aqueous enzyme preparation using
certain esters has been described in U.S. Patent No.
4,548,727. The ester used as a stabilizer has the formula,



has particularly affected the liquid detergent industry. It is not uncomon -
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aqueous enz r r [ certain esters has been described in U S
§5Byf’ 553" ) BBolit 16,

Pat ent No. e ester used as a stabilizer, has the formula,

ROOOR , where R UsSanPatept 8Pt Aedidhd4d teaches FnRtahi #RbheR, ©ind
R is an al KYhuel broteonstie ensywr-ewittaitiing detrergent emmposm-.wns.
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U.S. Patent No. 4,169,817 teaches a ligquid cleaning
composition containing stabilized enzymes. The composition
is an aqueous solution containing from 10% to 50% by weight
of solids and including detergént builders, surface active
agents, an enzymé system derived from Bacillus subtilis and
an enzyme stabilizing agent. The stabilizing agents comprise
highly water soluble sodium or potassium salts and/or water
soluble hydroxy alcohols and ‘enable the solution to be stored
for extended periods without deactivation of the enzymes.

European Patent No. 0 352 244 A2 descrlbes stabilized
llquld detergent compositions using an amphoteric surfactant

Disclosure of the Invention ° ——

It is an object of the present invention to provide a
formulation capable of stabili#ing one or more enzymeé
contained in a liquid enzymatic composition.

A second object of the invention is to provide a
stabilized liquid enzymatic composition.

. A third object of the invention is to provide a method
for the stabilization of a liquid enzymatic composition.

' These objects can be accomplished in part by the use of
a stabilizing formulation for a liquid enzymatic composition
comprising at least one water-soluble coupling agent selected
from a short chain alcohol and a short chain glycol, at least




acid or its salt. The pH of the stabilizing systemis fromabout 6.5 to
about 10.:U. S. Patent No. 4,243,543 teaches the stabilization of liquid
proteol yti c enzyne-contai ni ng detergent conpositions. The detergent
conpositions are stabilized by addi ng an.gnti oxi dant and a hydrophilic
polyol to the conposition while stabilizing the pH of the conposition. U S
Patent No. 4,169,817 teaches a |liquid cleaning conposition containing
stabilized enzynes. The conposition is an aqueous sol ution containing from
10% t o 50%dsye vef gttt ) o Bolyethaxplatedudikylodiamgnet apdi |(ddr)s ans @niase
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formul ati onakGpaP| &£ PbcLi P to Zé@ﬂb?ﬂfzé” ofB' 8rCRE¥BEEneYRicd Rfhtdifad
l'iquid enzypatic,_  conposition secon ect of the inyéntion is to
provi de a gfab?|}a%3£ |%Rﬁﬁpéﬁ&9nﬁ??e°ﬁbﬁ%8§rt|3hlsAsFﬁ¥Fglﬁﬁf§bt of the

i nvention iﬁotmuxatmbﬂecanrhérmmbloyeﬂhelﬁhablhidetvamletyadﬂ(yﬂzymes
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of a stabilTZirng Tormul for conpr|5|ng
at | east orankety-od| fwnetion) | n'ghagemmel @é@égesrvmta yihdch dhdisn

al cohol ands@aﬁi‘ﬁé:. % Srh V&€ on bah €B8 used- Pnc?i8elf buit) are not

I h I k d d t Th
pol vet hoxy! o cp. 21 gﬁgd' am e and ([1),80 ing oxide,  and water. The

The invention also relates to a stabilized liquid

enzymatic composition comprising at least one water-soluble
coupling agent selected from a short chain alcohol and a
short chain glycol, at least one of (i) a polyethoxylated
alkyl diamine and (ii) an amine oxide, water, and at least
one enzyme. The water-soluble coupling agent is present in
an amount effective to increase the solubility of the
polyethoxylated alkyl diamine and/or the amine oxide in the
water, and the at least one of (i) a polyethoxylated alkyl
diamine and (ii) an amine oxide are present in an amount
effective to stabilize the at least one enzyme contained in
the liquid enzymatic composition.

The invention further relates to a method for the
stabilization of a liquid enzymatic composition comprising
the steps of:

(a) édding to water at least one water-soluble coupling
agent selected from a short chain alcohol and a short chain
glycol,

(b) adding at least one of (i) a polyethoxylated alkyl
diamine and (ii) an amine oxide to the water containing said
coupling agent resulting from step (2) to form a water-based
formulation, and

(c) adding at least one enzyme to the water-based
formulation resulting from step (b),



present in an anount effective to increase the solubility of the
pol yet hoxyl ated al kyl di am ne and/or the am ne oxide in the water, and the
at | east one of (i) a polyethoxylated alkyl diamne and (ii) an am ne oxide
are present in an anount effective to stahidize one or nore enzymes
contained in a liquid enzymatic conposition. This stabilizing fornulation
can be enployed with a wide variety of enzynes utilized in liquid enzymatic
conpositions performng a wide variety of functions. The enzyne cl asses
\lNit_h ng ch hh%%e&ha%'é ﬁdﬂ@ﬂi@{ﬁgﬁéﬂ?mgfp&mw%imlaxd@unbuefﬁeeil:me
imted to, the enzyne classe er.et.of or i sC Lnyenttongal so
rel ates to X°stBFEPP& tlrﬁeqtﬁc’é i%gctco{}ﬁaoa?ff%]s%g&éies‘?%igt?l east
one wat er - s pblllethoxyllatey addyl sidagvire gndhnfid kran ta nosidendn gadda

short chai _nwgl‘__)ég_.gl gn@tﬁu?{elo aég?_,(ﬂ )tHe Myﬁ&wy&ﬁe@lfaggyl adi am ne and

(i1) an am ne oxi de, and at | east one enzyme. The, water;sol uble
coupl i ng ag@ﬁﬂyp§h&x¥%§ﬁ¢4lﬁkﬁquﬁiﬂﬂ1Q§f§§§iQi?&(quﬁW%%§e°¥ﬁ esdPubility
of the poly latied a8 ladloutitard fectitifered ecabpi hizeoxtle at léasudonre,
and the at l'east one of (i) a polyethoxylated al kyl diamne and (ii) an

am ne oxi de®}®¥MS-esent in an amount effective to stabilize the at |east
one enzyme cont aifhed inverthdn dhixther yratates dpoyinethod Thexi thenti on -

further rel %tt%%itﬁz%ég‘if‘&trﬂ% fPrd '&E%@ﬁé@ié Worposi tihi dofpEyERALC

conposition conprisin e steps : adding to water at |east one
wat er - sol ubltec ¥FRSPffgent sel ected from a short chain al cohol and a

short chain glycqla) @ddiafflity witérast ITewstfoné )watreotgelubkgl abeglihgyl
eaul {1 ng 1 A AFIERERD T4 ThOEr \Bhln PloRleL nd "4 Cafisye) LA
at | east onglgmoie to the water-based formulation resulting fromstep (b),
(b) adding at least one of (i) a polyethoxylated alkyl
diamine and (ii) an amine oxide to the water containing the
coupling agent resulting from step (a) to form a water-based
formulation, and
(c) combining the water based formulation with a liquid
enzymatic ccmpoéition containing at least one enzyme,
wherein the coupling agent is present in an amount effective
to increase the solubility of the at least one of (i) a 3
polyethoxylated alkyl diamine and (ii) an amine oxide in the
water, and further wherein the at least one of (i) a
polyethoxylated alkyl diamine and (ii) an amine oxide is
present in an amount effective to stabilize the at least one
enzyme contained in said liquid enzymatic formulation.
. The invention further relates to a stabilized liguid
enzymatic composition comprising:
‘(a) a polyethoxylated alkyl diamine, and
(b) at least one enzyme, '
wherein ingredieﬁt (a) is present in an amount effective to
stabilize the at least one enzyme.
The invention further relates to a stabilized liquid
enzymatic composition comprising:
(a) an amine oxide, and



-10- wherein the coupling agent is present in an anount effective to

I ncreasesthe solubility of the at |east one of (i) a polyethoxyl ated al kyl
diamine and (ii) an am ne oxide in said water, and further wherein the at

| east one of (i) a polyethoxylated alkyl €lBrine and (ii) an am ne oxide is
present in an anmount effective to stabilize the at |east one enzyne. The

i nvention further relates to a nethod for the stabilization of a li-quid
enzymati c conpositiqQn conprising the steps of: (a) adding to water at |east
one wat er - sol ubl e dRbIFhgSRRNONR I MEBLf rom a short chain al cohol and a

short chai nwiletedn iigredibmy @) |Eapresenvfifiinapouyst effpcsive oKyl

di am ne and || eoOntaining the coupllng agent
resul ting fr((g' lq'rk?an%l{]f &o?%éa@mﬁr%a‘égd formul ati on, and g .
conbi ni ng the met@metxn&ﬁhﬁkﬁﬂnﬁ%ﬁﬁhﬁrvﬁ%lﬁ%ﬁ$|E®|§ %ﬁé?h%%?@dc AAwddt i on

containing at, léﬁ&bﬁﬁ&gﬁ&ioﬂWEﬁ poupllng agent I's present in an
anmount effective to |ncre se the sol ubi

he at o] (i) a
pol yet hoxyl ated al Kift) FamSRPQRP] i }a‘n) a?n?m% 36??‘8%"}’ ?ﬁg ﬁz{‘gﬁ’ and
further whegdiaminee arid | east one of (|) a polyethoxylated al kyl di am ne and
(ii1) an am ne oxide |s g dg fafective to stabilize the at
| east one enzyne conta ne |n sal UId enzynatlc formul ati on. The
i nvention further r@htak kepst ﬁ%l?‘izzﬂ?d iquid enzymatic conposition

conpri si ng: whdreiddngidbrentt @) Ak yprekat ntn andahbuntt ef€estivee to
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stabilized |iqui &he water-soluble coupling agent employed in the present
invention is used to increase the solubility of the
polyethoxylated alkfl diamine and/or the amine oxide in water
and to increase their final concentrations in the stabilizing
formulation beyond that which could be achieved in the
absence of the coupling agent. When stabilizing a
preformulated liquid enzymatic composition, however, the
water-soluble coupling agent may or may not be needed to
solubilize the polyethoxylated alkyl diamine or the amine
oxide. These pre-formulated liquid enzymatic compositions
include both water-based compositions and those formulated or
employed in organic solvents or media.

The water-soluble coupling agent when employed is
selected-from at least one of a short chain alcohol and a
short chain glycol. Preferably,-the coupling agent is
selected from a Cl--C6 alcohol and a cz-c6 glycol, each hav;ng
a backbone of up to six carbons. Most preferably, the
alcohol and glycol are selected from ethanol, propanol,
butylene glycol, propylene glycol, and hexylene glycol. When
a longer chain polyethoxylated alkyl diamine is used in the
stabilizing formulation, a smaller chain polyethoxylated
alkyl diamine can act as a coupling agent for the longer
chain polyethoxylated alkyl diamine.
The stabilizing formulation also contains at least one

of (i) a polyethoxylated. alkyl diamine and (ii) an amine
oxide. Depending on the enzyme to be stabilized, the



enzymati c conposition conprising: (a) an am ne oxide, and (b) at | east
one enzyne, wherein ingredient (a) is present in an anmount effective to
stabilize the at | east one enzynme. The invention further relates to a
stabilized liquid enzymatic conposition cg‘:?pri sing: (a) at |east one of (i)

a pol yet hoxyl ated al kyl diamine and (ii) “af am ne oxide, and (b) at |east

one enzyne, wherein ingredient (a) is present in an anount effective to
stabilize the at | east one enzynme. The water-sol ubl e coupling agent
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Preferably, the polyethoxylated alkyl diamine useful to
practice the invention includes a compound of the formula:

RNCHZCH2CH2N—-(CHZCHZO)X-H
}cnzcnzo )Y-}(‘CHZCHzo) ,H

wherein the sum of x, y, and z is from 2 to 20, and R is a
C3-C22 alkyl. The polyethoxylated alkyl diamine is generally
available as a mixture of compounds, or "cuts," representing
the degree of ethoxylation, and having common characteristics
such as ihe alkyl portion and molecular weights ranging from
220 to 515. The most preferred polyethoxylated alkyl
diamines are: N,N,N-tris(2- hydroxyethyl)-N-tallow-1,3
diaminopropane, N,N,N-pol&oxyethylene(lo)-N-tallgw—1,3_
diaminopropane, N,N,N-polyoxyethylene(13)-N-tallow-1,3
diaminopropane, N;N,N-polyoxyethylene(15)-N-tallow-1,3  —
diaminopropane, N,N,N-polyox?ethylené(zo)-N-talldw-1,3
diaminopropane, and N,N,N-polyoxyethylene(25)-N-tallow-1,3
diaminopropane. Polyethoxylated alkyl diamines can be
obtained from a commercial source such as Akzo Chemical
Division of McCook, Illinois. These products are sold under

the tradename, Ethoduomeen.



stabilizing fornmulation, a smaller chain polyethoxylated al kyl di am ne can
act :as ascoupling agent for the | onger chain polyethoxylated al kyl di am ne.
The stabilizing fornulation also contains at |east one of (i) a

pol yet hoxyl at ed al kyl diamne and (ii) anl@3% ne oxi de. Depending on the
enzyne to be stabilized, the -12- stabilizing fornulation may contain
either (i) at |east one pol yethoxylated alkyl diamne or (ii) at |east one
am ne oxi de, or a conbination of (i) and (ii)._Far, ex

pol yet hoxyl at ed ey s t@Rdrd %?é-nr?af( W& 9t 6 %h’n% ‘g@eﬂﬁ'ﬁnt R&Yabove
Cougl i ng ag&&hthﬁ.nt ah exdines ioxide. arpmﬁemmby,dethé\l aminat bxtlde, emplayiede
oxi de may be use 0 nt to the excl usion of
a pol yet hox Fafae%’ %I dltégl%‘ne%’%@b&e{] prgﬁt&)a c{}'q“@%;conbl nation of both (i)
and (ii) are used |n the stabilizing f&hulation. One skilled in the art
can readily and routinely detergs Aappgopriate conbi nation for a
specific liquid enzyme conposition toNpe stabilized. Pr eferably, the

pol yet hoxyl at ed al kyl di am ne usef ul t & pract ice the invention includes a

conmpound of whiae-dier R/l ds mesthy Wharyeirosdymethyd ofethy), endhydrexiyeetyl ,to

20, and Ris %1 ,,Fé_r aec&e da Ira?%ﬂcljhepm @M}%ﬁ&éﬁ&h gh&?i‘ene S

general ly afR conpounds reépresenti ng the
degree of ebmﬂﬂSatamm W%Mﬂ@wﬂmkmmn%WESdGUCﬁlﬂﬁ he al kyl

portion andy ya P19 Hal13 wRiind) daiie 2 Binex D codb8miBat oRigks! I ed
pol yet hoxyl a kyI d| amnes are:. NN, N-tris(2-
hydr oxyet hy Pimethy)j fpliowaning fhd \pinethyl hexadecylamine

N- pol yoxyet bkﬂidlé&( 1dmiMe ddiciesl dhrdlhﬂndmnmdlefrom a number of

N, N, N- pol yox tal

N, N, N-pol yo§§§§ Hélcg%é'( %“%et aI%uoé\%: jlaépgél al nopr opanb Inc., Sherex.

N, N, N- pol yochenipadiso( Spepan a/liongal, Proctor & Gamble, and Jordon _
Chemical Co. The amine oxiple products available from Akzo

Chemicals, Inc. are sold under the tradename, Aromox.

The stabilizing formulation described here can be
employed with a wide variety of enzymes and industrial
processes or products. The enzyme, industrial processes and
industrial products with which this stabilizing formulation
can be used include, but are not limited to, those heretofore
discussed. _ _

The use of the stabilizing formulation to stabilize an
enzyme compos;tlon results in a second embodiment of thLSt,
invention, a stabilized liquid enzymatlc compos;tion. Thus,
the invention also relates to a stablllzed.liquid enzymatic
composition comprlsing at least one water-soluble coupling
agent selected from a short chain alcohol and a short chain
glycol, at least one of (i) a polyethoxylated alkyl diamine
and (ii) an amine oxide, water, and an enzyme. .

The contemplated and preferred embodiments regarding the
water soluble coupling agent, polyethoxylated alkyl diamine,
and amine oxide present in this stabilized liquid enzymatic
composition are the same as those discussed above with
respect to the stabilizing formulation of this invention.

As with the stabilizing formulation, the liquid
enzymatic composition df this invention can be practiced with



di am nopropane, and N, N, N- pol yoxyet hyl ene(25)-N-tall ow 1, 3 di am nopr opane.
Pol yet hoxyl at ed al kyl . di am nes can be obtained froma comercial source

such as Akzo Chem cal Division of McCook, Illinois. These products are sold
under the tradename, Ethoduoneen. The_? abilizing fornulation of this
I nvention may contain an am ne oxide. PreTerably, the am ne oxi de enpl oyed

Is atertiary amne oxide of the fornula: [err] wherein R is nethyl,
hydroxynet hyl, ethyl, or hydroxyethyl, and R' is a (Jerr]-(err] alkyl.
Particul arly vpi’cﬁ_i_ G(Féﬁﬂe @e axEPiRss ar e'théé(énbymlesxynt:tlyald)e /C butaminee
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enbodi ment I'S invention, | enz TROS| S|t|on
Thus, the |%k%¥ﬁ¥%wﬂ%1§Be?§Fat§§dtBna:§?aBP Pz@ﬂ IPﬁB 8H§y%ﬁﬁ
conmposi t i ormAleim | Bhdigserieésast one wat er - sol ubl e coupling agent sel ected
o3 ot Cho, L8 B 50 Pk Gy g e bt (1)
enzyne. invention, the coupling agent may preferabiy be present from
0.1 to 30% by weight of the composition, but more preferably
from 1 to 20%. The polyethoxylated alkyl diamine, if
present, may preferably be present from 0.1 to 50% by weight
of the composition, but more preferably from 1 to 30%.

The amine oxide, if present, may also preferably be
present from 0.1 to 50% by weight of the composition, but
more preferably from 1 to 30%. The amount of water present
may preferably vary from 10 to 80% by weight of the
compositlon.

The amount of ‘enzyme present in the form of a dilution
of the concentrated enzyme may preferably range from 0. 001 to
50% by wezght of the concentrated composition, but more
preferably from 0.0l to 25% by weight. The amount of enzyme
present, however, is highly dependent upon the activity of
the enzyme and the desired end use.

Depending upon the enzyme it contains and its intended
use, the pH of the final stabilized liquid enzymatic
composition preferably varies from 4.0 to 11.0, but more
preferably from 5.0 to 10.0. As understood in the art,
adjustment of pH may be necessary with a small amount of acid

or alkaline material.

' The stabilized liquid enzymatic composition may contain
other additives directed toward the use of the composition in
a particular industrial process. For example, the stabilized



The contenpl ated and preferred enbodi nents regardi ng the water sol uble
coupl i ng \agent, pol yethoxyl ated. al kyl diam ne, and am ne oxi de present in
this stabilized liquid enzymatic conposition are the sanme as those

di scussed above with respect to the stabi-lli5z ng formul ation of this

i nvention. As with the stabilizing formulation, the liquid enzymatic

conposition of this invention can be practiced with -14- a wde variety
of enzymes. _These enzynes .i ncl ude, .byt are not 'linjted the enz
cl asses andldgadids i&n CRRMPESItArE Fal: FRIWRLTE rﬁ?firbg"‘fﬁits Bé used
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can be combined in any order or even simultaneously. .
However, the order of
' (2) adding to water at least one water-soluble coupling
agent selected from a short chain alcohol and a short chain
glycol,

(b) adding at least one of (i) a polyethoxylated alkyl
diamine and (ii) an amine oxide to the water containing the
coupling agent resulting from step (a) to form a water-based
formulation, and ’ '

(c) adding at least one enzyme to the water-based
formulation of step (b) is preferred. When other addrtlves
are to be included in the stabilized liquid enzymatic
composition, such additives may be added at any time, but .
preferably after the coupling sﬁep, or in a separate step
from the step in which the enzyme is added.

One of ordinary skill would also recognize that the
coupling step and the addition of at least one of (i) a
polyethoxylated alkyl diamine and (ii) an amine oxide to the
coupled water resulting from the coupling step result in a
stabilizing formulerion according to the embodiment of the
invention discussed above. These steps can be performed in
any order or even simultaneously, but the order set out above
is preferred.



preferably fromO0.01 to 25% by wei ght. The anpunt of enzynme present,
however, i s highly dependent upon the activity of the enzyme and the
desired end use. Dependi ng upon the enzynme it contains and its intended
use, the pH of the final stabilized quuig enzymati c conposition preferably
vari-es from4.0 to 11.0, but nore prefera PY from5.0 to 10.0. As
understood in the art, adjustnment of pH nay be necessary wth a smal

anount of acid or alkaline naterial. The stabilized liquid enzymatic

conposi tion may ﬁﬂné?férﬁééf{re?ﬂgthb&eiog" kRet edabenacdtiba o¥e oML i
conposition in a cu I ndustri al roce?lle For ex%nple the sta Ilzed
|

l'i qui d enzyﬁ%%Y@aEbﬁpﬁgﬂPPﬁﬁtéﬁﬂ eomPEiAesq§nei FEEPEULH as surfactants
def oaners, and tpg)l ai@ingstorwakagwati lebse ane. wAnteamsagarhlsl ycouging

SLob 2 el ??%ﬁaﬁréﬁ”%"%%’*%c%g PALEBNSY' Y pO SRS cBn ||

I ndustrial glpceds waters. The present invention also relates to a nethod

for the stabili ngggoada]ﬁ. 8 htaybdsenayerbiec (ciqnaogbuye'&hwWawﬁmum
P u d

st eps descrlbed strative an r ef errgq cogg enﬁ%g .as wel |

the anount sdbRmine eBApoAdIt AN SBINE, OFide 0, tNe, WatExC %ﬂ§Qﬁs§R%sed
above. One e@buplihgaagenki resubtidgufidensszed (Bt tohéormmponater-diased
stabilized ghgﬁﬂnggéﬁbméhﬁ conposition can be conbined in any order or

even sinult ver, the order of (d; addi ng to water at | east one
wat er - sol ubl e coﬂpblngmbgahnGS§h§cFé&eFr§#§§ germudpsion, Widho 2 1d

short chai neﬂkyﬁauc( Ebmgegmgoﬂt cba%atmgmg et (iehst pakyenzymd ated al kyl

0 e g i Sl ioston, Frbieass, ShCpyooh & e coent

invention. It should be understood, however, that the
invention is not to be limited to the specific conditions or
details set forth in these examples.

Example 1 _

Stabilized 1i§uid enzymatic compositions were prepared
according to the invention. The amount of each component is
expressed as % by weight of the total composition and is set
forth in Table 1. The order of addition of the components
was the preferred order described above. Table 2 sets forth,
with their related codes, various nonstabilized native liquid
enzymatic concentrates and their dilutions with 95% water.
These nonstablized concentrates were used in the preparation
of the stabilized liguid enzymatic compositions in Tables 1
and 3.



formul ation, and (c) adding at |east one enzyne to the water-based

fornmul atkon of step (b) is preferred. Wien other additives are to be
included in the stabilized liquid enzymatic conposition, such additives may
be added at any tine, but preferably afler the coupling step, or in a
separate step fromthe step in which the enzyne is added. One of ordinary
skill would al so recognize that the coupling step and the addition of at

| east one of (i) a polyethoxylated alk aqi ne and (ii) an amne oxide to
the coupled water resulting fromthe cOuUp result in a stabilizing
formul ati on according t@Tﬁﬁéﬁéﬁﬁgdﬁﬁﬁﬁﬁﬂﬁicta@M? EROR¥% di scussed above.
These steps can be perfornmed in any order or even simultaneously, but the
order set out above is preferred. -16- A alternqélve method for the
stabilization of a liquid enzymatic ConpositTon conpfises thé steps of (a)
adding to _water at Ieaer one vwater-soluble coupling agent selected froma

short cﬂuugy;ﬁfaﬂgal &% @h@&heghalmoglycol o(b) addmng at |lgast one of

(1) a polyet hox ad kyI di am ne d (ii) anlne oxi de to the water
cont ai ni nd® qﬁ?@%) adEREYPEdul ti Hg fron+@tep (a)%to fornfa water- based

f or mul at i Gui,pcaliacse( d.)OQ:onbl(mgmehe wafer base@d forrmul&tion wi@h a liquid
enzymati C GGHRQSi tion contahBuRgyat | gast oneoenzyne o The folgow ng
exanples are given tq/jllustrate’the |nvent| oul d be. under st ood,
however, g%|9§ﬁ4ﬁﬂﬂﬂl(ﬂlls not tolbe |In$$ed f&e spec¥9|c condltlons
or detail Palgtethmdytlated hese exanpl 28§, Exanp2e 1 St abilized1liquid

enzymati c 9£ﬂ89§5@&ﬁ$iéﬂdre prepared_

Hexylene Glycol 10 10 5 S
Ethanol 10 5 2 2
Water 54 53 77 77

1/ Aromox C-12 product, bis 2-hydroxyethyl cocoamine oxide,
available from 2kzo Chemicals, Inc.
2/ Ethoduomeen T—13'prodhct, 13-ethoxylate, tallow alkyl
(N,N,N-polyoxyethylene(l3)-N-tallow-1,3 diaminopropane),
available from Akzo Chemicals, Inc.
TABLE 2 |
ENZYMATIC COMPOSITIONS

100% Concentrate 95% Aqueous Dilution

HT--Proteolytico Aa . Aal
Diazyme L-200" Bb Bbl
Lipolaseoloo Cc _ Cecl

Lipase Dd pdr  °



according to the invention. The anmount of each conmponent is expressed as %
by wei ghts of the total conposition and is set forth in Table 1. The order
of addition of the conponents was the preferred order described above.
Table 2 sets forth, with their related cog vari ous nonstabilized native
li quid enzymatic concentrates and their @ ?utlons wi th 95% water. These
nonst abl i zed concentrates were used in the preparatlon of the stabilized

liquid enzymatic compositions in Tables 1 and -17- TABLE 1 STABI LI ZED
ENZYMATI C CCNPCSITICNS A B D HT-Proteol ytic[err]
(enzyne) 10 n o -~

10 0 The EPEBT“&EéclSBab’-l(-EXzQ ?ﬁg sa.abl(llzed( g.:.@‘ﬂ%) 5

0 Lipase enzymatiécosmpbsitiofis was cofipared wigh that ®fAtihee

Oxi de[err]/ 1 | @t

15 enzymatic concenfraﬁ%s aalda?.najﬁg us }.Qﬁgﬁ&hg]%@(ﬁ °Q:d The

10 10results,5presentnggnaﬂgble 3, Lndlcate 95% og“greater 5

2 2 WAL &t fter 12 weeks at550 °c fo¥3the stabilized 44
Aronmox C 12 proauct B dr oxy et ¥ coc n1netQX|de ay |Iable rom
Akzo Cheni cBRZYmREiC EPmPEFH &BBﬁEeW ) EUBF e 2%, tallow
al kyl (NN, Nc&ﬁhéﬁx;tatb)sl and( Aghedutatidwtipfsdishomedp sdgnidicantailaas of
from Akzo Cheni cal s Al T SeMBESI TI ONS 100% Concentrate
95% Aqueous SPFYTIEi & ﬁt E?b?gg?r 2ENZXN§ sk Eﬁ

Aal Diazyne L-200 Bb TABLE 3 Bbl

ENZYMATIC STABILITY AT 50 °C

% Activity Present

Initial ' After Week No.

Formulas ' 2 4 8 12
A i00 ‘ 100 100 100 100
Aa 100 27 0 0. 0
Aal : 100 16 0 0 0
B _ 100 - 100 100 100 96
Bb 100 33 0 0 0
Bbl 100 ' 24 0 0 0
c I 100 - 100 100 - 98 95
Cc 100 49 4 0 0
Ccl 100 21 0 0 0
D 100 100 100 95 95
Dd _ 100 54 7 0 0
DAl 100 36 3 0 0

| Example 3

The stabilized liquid enzymatic compositions, enzymatic
concentrates, and aqueous dilutions were all subjected to
freeze/thaw cycles followed by assay of % enzymatic activity
remaining after each cycle. The stabilized liquid enzymatic
‘compositions displayed greater than 90% activity remaining



Li pol ase 100 Cc Ccl Lipase

Dd = 3 Ddl -18- Exanple 2 The enzymatic stability of
the stabilized liquid enzymati ¢ conpositions was conpared with that of the
enzymati c concentrates ‘and aqueous dilutiges at 50 [err]C. The results,
presented in Table 3, indicate 95% or greater stability after 12 weeks at
50 [err]C for the stabilized liquid enzymatic conpositions, whereas the
native enzymati c concentrates_and aqueous dil utions showed significant |oss
of enzyme RYeR| aftart ix2CcKedRs WErsoPpEfprmedrABERTEhEY:YNATMRSSTABI LI TY

AT 50 [err]débdereelvchrtPegdefinbnbNErbake/thaw cycle signifAfdatitideek No.

Eggnulas inac&%gategoahe ¢gpcentyatas an% simpie.aqueous q§¥§tlons of

27 0 thése cOngehtrates. The resultsl@@re presented iit Tableéd 4. O

0B : 100 - %OQ 100 - 100 96 Bb

100 33 0 0 SABB 100

24 0 0 0 C % ACTIVITY AFTER FREEZEJ{THAW CYCLE 100 100 08

95 Cc 100 % Actiffty 4 0 0 Ccl

1 21 1

188 100 95 95 Dg Inigial 100 Freeze/Thaw é.‘g;)cle #7 0

0 Ddl Formulas 100 13 2 3 3 0 4 O Banples3

The stabilized |4quid enzymat i gaCONPOSEk hRONS nzy iC entyr.a4 es, d

aqueous dilutiohé were all su 5gcted t%bpree%g?tha%??yclggﬂgolHbmed Bvﬁp

assay of % enzyn®®ic activityl00 6 0 0 0 0
Aal 100 11 0 0 0 0 0
B . 100 100 100 100 100 100 94
Bb 100 73 18 0 0 ¢ - 0
Bbl 100 14 0 0 0 0 0
Cc 100 100 100 100 100 98 93
Ce 100 28 0 0 0 o 0
Cecl 100 5 0 0 0 0 0
D 100 100 100 100 100 95 91
Dd 100 15 0 0 0 0 0

Dd1l 100 3 0 0 0 0 0



remai ning after each cycle. The stabilized |liquid enzymati c conpositions

di sptayed- greater than 90% activity renmai ning -19- even after six cycles
were perforned. Further, it was observed that even one freeze/thaw cycle
significantly i nactivated the concentrategyand sinple aqueous di l utions of
t hese concentrates. The results are presen?ed in Table 4. TABLE 4 %
ACTIVITY AFTER FREEZE/ THAW CYCLE % Activity Initia

Freezel/ Thaw Cycl e # Fornmnul as 1 2 3 4

5 6 A 100 100 A08ims 100 100 100 100 Aa

100 56 I

0 0 o 1. Agormifpgion for sQabn_nglﬁé ib‘é“"d188;%f5'6° 100
100 94 Biomposition cdifisting &8sentisdlly of:Q 0 0 Bbl
100 14 -sqlbfe couplt aae 1

100 100 100 Hﬁb at %EF%E &he watr sol cougBLng ag se eéHEh
0 0 Cclfrom a shorfygarbon chg;n alcghol an@ a shgrt cargon cq9q§

100 3U&lycéﬂo 100 100 95 91 Dd 100 15
0 : 0 0
0 o -20 c %Phsa'& 1%9?&%%?1‘-051? of g?a%eFP%’fﬁéaEeFi %&.“8{ Yenzymatic
conposi ti odiaminetamd essentially of: (a) at |east one water-soluble

coupl i ng agent seIectegisrgg1§m§ﬂgr6x£aépogn&hain al cohol and a short
carbon chain _

(c) water
wherein ingredient (a) is present in an amount effective to
increase the solubility of ingredient (b) in said water, and
said ingredient (b) is present in an amount effective to
stabilize one or more enzymes contained in a liguid enzymatic

composition.

2. The stabilizing formulation of claim 1 wherein said
polyethoxylated alkyl diamine is at least one compound of the
formula: '

RNCHZCH CHZN-—{CH
(CHZCHZO) -H CHZCHZO)
wherein the sum of x, y, and z is from 2 to 20, and
R is a 03- 22 alkyl radical.

3. The stabilizing formulation of claim 2 wherein said
polyethoxylated alkyl diamine is at least one compound
selected from N,N,N-tris(2-hydroxyethyl)-N-tallow-1,3
diaminopropane, N,N,N-polyoxyethylene(10)-N-tallow-1,3
diaminopropane, and N,N,N-polyoxyethylene(l5)-N-tallow-1,3
diaminopropane.

4. The stabilizing formulation of claim 1 wherein said
amine oxide is at least one tertiary amine oxide of the

formula

R"—N —O"
: R’
wherein R’ is methyl, hydroxymethyl, ethyl, or hydroxyethyl,
and R* is a Cg-Cp3 alkyl radical.

* € L M S *



glycol, (b) at |east one of (i) a polyethoxylated al kyl diamne and (ii) an
am ne oxi«<le, and (c) water wherein ingredient (a) is present in an anount
effective to increase the solubility of ingiedlent (b) in said water, and
said ingredient (b) is present in an anount*effective to stabilize one or

nmore enzymes contained in a liquid enzymatic conposition. 2. The

stabilizing formulation of claim1 wherein said polyethoxylated al kyl

diamine is at |east omémfﬂlﬁnghfomm rhg@ﬁra'@ 19Dy
ca

X, Yy, and z is fromz2 to 20, %P RIS a err| err

The stabili ff'Hj‘ef Fhde it ibrieasy wne %‘P‘H‘%a‘?‘ﬂl?ﬂ:?‘ét E5QW Bisd 2 kyl
ﬁ'ﬁnh?e |s(hwdnaxyethyi X argpeanii s | @€idsl, {508 2-hydroxyethyl)

tris opan
N, N, N- pol yo%yet ylene 1?3%}%1@% %%ﬁ/—gﬁﬂ%fag&?é%'%p‘g C?‘éan‘a”‘me‘t"hyl
N, N, N- pol yoskpds aéﬁé%ﬂ5¥CWdQ£ﬂanﬂVQ;mBthﬂnhﬁxﬁdgnykamﬂne oXlidest abi | i zi ng
fornulation of clggi m bﬂ@%’ﬁﬁiﬁﬁfﬁé@éﬁnﬁﬁﬁi@oﬂ Soﬁtci.ﬁfxgt longhg_%%ﬁhary

am ne OXIde of t he rnul err] erein s meth
ethyl, or @Hﬁ% rﬁéq?tlﬁﬁefﬁﬁ%ﬁ? ana f@@sr%HFeéPl and 21- 5.
The stablllzlﬁg fgmmdqﬁJcW|of claim4 wherein said amne oxide is at |east
EP&Z"EES?B%Z?L% AT i Ao S0 R Chr cinegeB hy
said coupling agent is selected from ethanol, propanol,
butylene glycol, propylene glycol, and hexylene glycol.
8. A stabilized liquid enzymatic composition
consisting essentially of:

(a) at least one water-soluble coupling agent selected
from a short carbon chain alcohol and a short carbon chain
glycol,

(b) at least one of (i) a polyethoxylated alkyl
diamine and

(ii) an amine oxide,

(c) water, and

(d) at least one enzyme
wherein ingredient (a) is present in an amount effective to
increase the solubility of ingredient (b) in said water, and
said ingredient (b) is present in an amount effective to
stabilize said enzyme.

9. The composition of claim 8 wherein said
polyethoxylated alkyl diamine is at least one compound of the
formula:

RNCHZCHZCH N—-(CH2CH20)X-H
(CHZCHzo) -H HZCH 0) -H
wherein the sum of x, vy, and z is from 2 to 20, and
R is a C3-C22 alkyl radical.

10. The composition of claim 9 wherein said
polyethoxylated alkyl diamine is at least one compound
selected from N,N,N-tris(2 hydroxyethyl)-N-tallow-1,3
diaminopropane, N,N,N-polyoxyethylene(10)-N-tallow-1,3

A R N



.tall owam ne oxi de, and di met hyl hexadecyl am ne oxide. 6. The stabilizing
formul ation of claim1, wherein said coupling agent is selected froma
Cerr]-Cerr] alcohol and a CJerr]-Cerr] glycol. 7. The stabilizing
formul ati on of claim6, wherein said coupLppg agent is selected from

et hanol , propanol, butylene glycol, propylene glycol, and hexyl ene glycol.
8. A stabilized liquid enzymatic conposition consisting essentially of:
(a) at |east one water-sol uble coupling agent selected froma short carbon
chai n al cohadiaminapsbpahe¢aahdnNgNaNrpglyoayethiyleae (lledsN-dad leofw-(1 )3 a
polyethoxylaafghfﬁggk ggﬁgine and (ii) an am ne oxide, (c) water, and (.d)
at | east one ‘enzyne WABrer f i ngredi ent &a) IS present in an anount .
effective to incrbhse The somppsitipnopii pdrdm Snwhemrpin, sadidy aming oxide

sai d ingredi gotagblehstpbfiscibrtiaay ammue! oitiecbifvehkeo forald ze said
enzyne. 9. The conposition of clarm §,wherein said pol yet hoxyl ated al kyl
diamne is at |east one conmpound of.t+ formula: [err] wherein the sum of
X, ¥y, and z is from2 to 20, andRR=¥ a~cPerr]-Cerr] al kyl radical. 10.
The conposition of claim9 wherein sairgd.pol yet hoxyl ated al kyl diamne is at
| east one conpound selected fromN N, Ntris(2 hydroxyethyl)-N-tallow1,3
dianinopropdﬂb?rQ@nLR#péﬁy@ﬁybYﬁylbﬁ@F?GYmﬁ&PXﬂhoﬁ¢§¥§l'°r-?Zﬁr°xYethyl:
di am nopropaaged RMdidl Al b;nelzgonnytwh:aaseai).- N-tallow1,3

12. The composition of claim 11 wherein said amine
oxide is at least one compound selected from bis(2-
hydroxyethyl) cocoamine oxide, bis(2-hydroxyethyl)
tallowamine oxide, dimethyl cocoamine oxide, dimethyl
tallowamine oxide, and dimethyl hexadecylamine oxide.

13. The composition of claim 8, wherein said coupling"
‘agent is selected from a Cl-C6 alcohol and a C2--C6 glycol.

14. The composition of claim 13, wherein said coupling
agent is selected from ethanol, propanol, butylene glycol,
propylene glycol, and hexylene glycol.

) 15. The composition of claim 8, wherein said enzyme is
selected from a protease, amyigse, and lipase. _

16. The composition of claim 8 wherein said coupling
agent is present from 0.1 to 30% by weight of the _ '
composition, said polyethoxylated alkyl diamine is present
from 0.1 to 50% by weight of the composition, and said amine
oxide is present from 0.1 to 50% by weight of the
composition. ‘

17. A method for the preparation of a stabilized liquid
enzymatic composition consisting essentially of the steps of:

(a) adding to water at least one water-soluble coupling'
agent selected from a short carbon chain alcohol and a short
carbon chain glycol, ' '

(b) adding at least one of (i) a polyethoxylated alkyl
diamine and (ii) an amine oxide to the water containing said
coupling agent resulting from step (a) to form a water-based

formulation, and
I
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di am nopropane. 11. The conposition of claim8 wherein said am ne oxide is
at l.east :one tertiary amne oxide of the fornula [err] wherein R is

met hyl , hydroxynet hyl, ethyl, or hydroxyethyl, and R' is a (Jerr]-Cerr]

al kyl radical. 12. The conposition of claRdrll wherein said amine oxide is
at | east .one conpound sel ected from bi s(2- hydroxyethyl) cocoam ne oxi de,
bi s(2- hydroxyethyl) tallowam ne oxi de, dinmethyl cocoam ne oxide, dinethyl
tal | owam ne oxi de,

hexadecyl am ne osition
of claim8, wher&Fh egﬁansoaﬁ hﬁ@sﬁggﬁf L8P C e8§¥%on1agg[ rri Clerr]
al cohol andferﬁﬁmatieﬁ[eeshlghpgoErom4st§pe(tdnp05|t|on of claim 13,

gl'ycol | pr oRyPERED  BEAPERR TngCaBERES 1F) RO RRE

ene ol . 15 The c ositjpn of claim
8, wherei n tai increg#e thesspdubidityo asﬁﬂ&éé:s eaéﬁ/l%fg %an{j"pl PHase.
16. The CO"EBig%&HBfoLaEEB' EnRyIhai ai nealathdC qUAl) 1 apeitie ioxidestnt shiam
0.1 to 30% ht ~of the cofposition ale%b al q%hoxgloa%e&glgyl di am ne
i s present W?Bﬁ?@ ingofBGQPS§ Fﬁﬁ?nofaﬁﬁe E%ﬁﬁg d''said am ne
oxide is pf?é@?bthbﬁynatédtalig%)&iamﬂmghhnﬂ aﬂu3<annnminecpxiqq ig\ net hod
for the pre arat| .of _a d tdon [ n
BEF Fﬁ gpesg %%%Bbk)é%ggcgwye ﬁﬂ“@ﬂ&ﬁl<%£éﬂgﬁia APM EQEE éhé g

essentially I'ng to water east one water-sol uble
coupl i ng ageneymelected froma short carbon chain al cohol and a short

gaf bon Chah“ g9l yegl, hk ﬁt@@h@ﬂ 3k laagm Qe vﬂfez(é:)n asgid Yo hpeyhokgliatkly!
eaul Ui ng | ROTA: B420AR0 451 Bt Gt SMPAEL ”%P%%af&'ﬁ@fg“ "9 agent
RNCH,CH,CH,N=— (CH,CH,0) -
(CH,CH,0),~H (CH,CH,0) -
wherein the sum of x, y, and z is from 2 to 20, and
R is a C3-C22 alkyl radical. .
19. The method of claim 18 wherein said polyethoxylated
alkyl diamine is at least one compound selected from
N,N,N-tris(2-hydroxyethyl)-N-tallow-l,3_diaminopropane,
N,N,N-polyoxyethylene(10)-N-tallow-1,3 diaminopropane, and
: N,N,N-polyoxyethylene(15)~-N-tallow-1,3 diaminopropane. .
20. The method of claim 17 wherein said amine oxidg is
at least one tertiary amine oxide of the formula

[ 4

R*—N =0~
R' -
wherein R’ is methyl, hydroxymethyl, ethyl, or hydroxyethyl,
and R" is a Clo-c22 alkyl radical.

21. The method of claim 20 wherein said amine oxide is
at least one compound selected from bls(2-hydroxyethyl)
cocoamine oxide, bis(2-hydroxyethyl) tallowamine oxide, _
dimethyi cocoamine oxide, dimethyl tallowamine oxide, and
dimethyl hexadecylamine oxide.

| 22. The method of claim 17, wherein said coupling agent
is selected from a Cl-C6 alcohol and a Cz--c6 glycol.

23. The method of claim 22, wherein said coupling agent
is selected from ethanol, propanol, butylene glycol,
propylene glycol, and hexylene glycol.

* c L M S *




-23- (c) adding at |east one enzyne to the water-based fornulation
resukting=fromstep (b), wherein said coupling agent is present in an
anount effective to increase the solubility of said at | east one of (i) a
pol yet hoxyl ated al kyl diam ne and (ii) an 3 ine oxide in said water, and
further wherein said at |east one of (i) a g%lyethoxylated al kyl di am ne
and (ii) an amne oxide is present in an anount effective to stabilize said
at | east one enzynme. 18. The nethod of claim 17 wherein said

pol yethoxyl ated abkyl @hamhBenbd 8f Lttath 27¢ whAERaYAdsafidl Bazymienilsa:
[err] wherein ;he sgngof X %’ and z is féon12 to 23; and Ris a

G err]-d errFeiPRyPd, LPRaR PY9tedsig, nBPKNIASEr BPYi MP85&herei n said

pol yet hoxyl at ed aRByl Himethedi foattheastabidizatrponndfsel ddgadd r om

N, N, N-tris(2 t - 0 am ; .
NN N pol yo s BEPDRELE| ¥hecEiLibh Konstatial 2880E3ET1Y of the steps of:
N, N, N- pol yoxyet hy(@hefddingl tal water, atdileastopnepuatersgolubd emeomid igtg
claim 17 wheagénRtsSablledfbdcreshds 5ot LBEBbnORAALAr hlabhodMand @Xishdaf
the formul a err% wherein I s methyl, hydroxynethyl, ethyl, or

hydr oxyet hyl S85R nRghﬁénagg%E?i}-C[err] al kyl radical. 21. The nethod of
claim 20 wherei n ¢b)dadding axi Jeast ohel efsi{ijne poiyethdxydateide dlkydm
bi s(2- hydr ox oam ne_oxide. _bista-_hydr e Lne oxi de,
dimetnyl cocsiepithe SRACTILT aR bilEne bRt de HE ERKCLEKLE bBhed AT St
hexadecy| ani @euBking. agentresuithng &rom gtepita)wser Eprmsai Watemhased

agent is sel estrA14€08n3 &h&rr]-Cerr] alcohol and a (err]-(ferr] glycol.
23. The-net hod of ckain1 2, mherelg sai d cguglin a eEt I, S seL% ted . from
REeg| 3o

(ChuPGFRIRIRT EBC }S'F‘%ﬁﬁ e ULahEOR Y- ENE driyitid

et hanol , propanol,
wherein said coupling agent is present in an amount effective

enzymatic composition containing at least one enzyme,

to increase the solubility of said at least one of (i) a
polyethoxylated alkyl diamine and (ii) an amine oxide in said
water, and further wherein said at least one of (i) a
polyethoxylated alkyl diamine and (ii) an amine oxide is
present in an amount effective to stabilize said at least one
~ enzyme contained in said liquid enzymatic formulation.
'~ 26. The method of claim 25 wherein said polyethoxylated
alkyl diamine is at least one compound of the formula:
RN532CHZCH2N=:£§FZCH20)x-H
(CH2CH20)Y-H CH,CH,0) -H °
wherein the sum of x, y, and z is from 2 to 20, and
. R is a'C3-C,, alkyl radical.

27. The method of claim 26 wherein said polyethoxylated
alkyl diamine is at least one compound selected from
N,N,N-tris(2-hydroxyethyl)-N-tallow-1,3 diaminopropane,
N,N,N-polyoxyethyléne(lo)-N-tallow-1,3 diaminopropane, and
N,N,N-polyoxyethylene(15)-N-tallow-1,3 diaminopropane.

* ¢ L M s *



-24- 24. The nethod of claim 17, wherein said enzyne is selected froma
protease,. anyl ase, and |lipase. 25. A nethod for the stabilization of a
liquid enzymatic composition consisting essentially of the steps of: (a)
adding to water at |east one water- solublt?%bupllng agent selected froma
short carbon chain al cohol and a short carbon chain glycol, (b) adding at

| east one of (i) a polyethoxylated alkyl diamne and (ii) an am ne oxide to

t he water contai r l%ﬁéfghﬁfggﬁ&t&@ £18) ok9ako a
" wat er - based fornu atlgﬁwand 2 ?r@f |n|n#1f§ ter aseg lorrrﬁ atlo%g]

with ali qw%ltelﬁ"%’ﬁt?’te c?ﬁﬁ%?ﬂo?ﬂ%t% enzyme, wherein
sai d coupling agent is present |n an, agount effectlve to increase the
solubility of said at |east one o gﬁm yet hoxyl at ed al kyl di am ne and
(ii) an am ne oxide in said mater and\ urther wherein said at | east one of
(1) a polyethoxyl ated al kyl dlan1ne andR(ll) an amne oxide is present in

an anount ef&ﬁéﬁéi&? ﬁo £4 ket P SASF1 ONELIRFIZY B CRPAAORPELhP1Sal d
liquid enzyg%é‘%?aornu ation, ?ﬁ(-jPeOf cl ai'm 25 wherein said

pol yet hoxyl ?h%unrﬁnzsa%ﬁy conpound of the formul a:
[err] wherein theZSum'm‘ie mem;ocarmlf zclai r28nwhdre i), saidl &nineaoxide is

ool yet nowyl dFsa 511y 9 hmesiln a%%%%&“ﬁﬁﬁ&&o%%ﬂa@%ﬁ%ﬂﬁ? y
N, N, N-t ri s( Zosermiaeewid eNl?Jeﬁ(%vh IroxyehfobridhelRwanine oxide,

N, N, N- pol yOWﬁﬁMﬂ%d&aﬁiﬁ@%ﬁ&é %ﬂh@&h}?@lﬁﬂm oxide, and
N, N, N- pol yoxci/et hﬁ’h}?fe}{e 53.decy I Iovv- 1, 3. éil am nopr opane.

ne oxi

30. The method of claim 25, wherein said coupling agent
is selected from a C -C6 alcohol and a Cz—c6 glycol.

31. The method of claim 30, wherein said coupling agent
is selected from ethanol, propancl, butylene glycol,
propylene glycol, and hexylene glycol.

32. The method of claim 25, wherein said enzyme is
selected from a protease, amylase, and lipase.

33. A stabilized liquid enzymatic composition
consisting essentially of:

' (a) a polyethoxylated alkyl diamine, and
(b) at least one enzyme
wherein ingredient (a) is present in an amount effective to
stabilize said at least one enzyme.

34. The compositioﬁ of claim 33, fuither comprising -
water. ' '

35. A stabilized liquid enzymatic composition
consisting essentially of:

(a) an amine oxide, and

(b)'at least one enzyme
wherein ingredient (a) is present in an amount effective to
stabilize said at least one enzyme.

36. The composition of claim 35, further comprising
water. |
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-25- 28. The nethod of claim25 wherein said amne oxide is at |east one
tertkrary am ne oxide of the formula [err] wherein R is nethyl,
hydroxynet hyl, ethyl, or hydroxyethyl, and R' is a (Jerr]-Clerr] alkyl
radi cal . 29. The nethod of claim 28 mherewiFsaJd am ne oxide is at |east
one conpound sel ected from bi s(2-hydroxyethyl) cocoam ne oxide,

bi s(2- hydroxyet hyl) tall owam ne oxi de, dinethyl cocoam ne oxide, dinethyl
tal | owam ne oxi de, and di met hyl hexadecyl am ne oxi de. 30. The net hod of
cl ai m 25, wher ei i3&ai chcs:mibillgzenyehiq\iﬁd st ¢ roompogieioh- Clerr]

al cohol and 1. The nethod of claim 30, wherein
dorfd 15l SiednPlaetl of,

sai d coupling agen om et hanol , propanol, butyl ene %chol,
propyl ene gl ycol, aﬁﬂ)h@&yl%#ﬁﬁgﬂ%@xﬂf Go) aipokyethexyiatedi alkgl wher ein
sai d enzymadihﬂiﬂémted fron1a pr ot ease, anylase and |lipase. 33. A
stabilized liquid enzynq%nf 05|tJon con St“&ﬁ essentially of: (a) a
pol yet hoxyl ated al kyl ¢ Y £%% e enzyne wherein
ingredient (a) is prespnttlheamtammewénzyﬂexn|ve to stabilize said at Ieast

A 'ctabi |1 zedteratls GBAHOE L] £ BfRebhe M AR BERRGURYE o,

am ne oxi de ST@M-J(%G a&ai‘éﬁﬁ lﬁ#‘ér&%@r@%ﬂ% n ingredient (a) is present
in an anount effepd] verpe ééﬁ{ééi@ﬁ:&aéfi claiaPi, ORCreReY "BompPis1hG

conp03|t|oné§ égeln135 further conprising wat er .
39. The composition of claim 37 consisting essentially
of: .
(a) (i) a polyethoxylated alkyl diamine,
(ii) an amine oxide, and

(b) an.enzyme, :
wherein ingredient (a) is present in an amount effective to
stabilize said enzyme.

40. The composition of claim 39, wherein:

said polyethoxylated alkyl diamine is selected from
N,N N-trls(2-hydroxyethy1)-N-tallow-l 3 dlamlnopropane,

N,N N-polyoxyethylene(lo)-N-tallow—l 3 diaminopropane, and
N,N N-polyoxyethylene(ls)-N-tallow—l 3 dlamlnopropane, '

said amine oxide is selected from bis(2-
hydroxyethyl) cocoamine oxide, bis(2-hydroxyethyl)
tallowamine oxide, dimethyl cocoamlne oxide, dimethyl
tallowamine oxide, and dimethyl hexadecylamlne oxide, and

said enzyme is selected from a protease, an amylase
and a lipase.

41. The method of claim 25 consisting essentially of
the steps of: |

(a) adding to water at least one water-soluble
coupling agent selected from a short carbon chain alcohol and
a short carbon chain glycol, '

(b) addlng a polyethoxylated alkyl diamine and an
amine oxide to the water containing said coupling agent
resulting from step (a) to form a water-based formulation,
and
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-26- 37. A stabilized liquid enzymatic conposition consisting essentially
of: (ay at least one of (i) a polyethoxylated al kyl diamne and (ii) an
am ne oxide, and (b) at |east one enzynme wherein ingredient (a) is present
in an anobunt effective to stabilize sai d-27- east one enzyne. 38. The
conposition of claim37, further conprising water. 39. The conposition of
claim37 consisting essentially of:; (a) (i) a pol yet hoxyl ated al kyl

diamne, "(ii) an anmne o and (b) | s @) 41 S
present in an amount e“?ict?%%n&’t 5&31%1 a\egr%?{/(r?e . %ﬁ%ﬁﬁ a
conposi tion wquﬂchlmaanamr®nmossmi@np@0}mamm%taéu enagMe di amne is

sel ected from %ﬁﬂl\# st-fge Peiink %cararamm@p@ﬂsectwe
N, N, N- pol yoxye ene % ota@gn)t s“iJ T

1,3
N, N, N- pol yo%twl‘é‘ﬁ}iq hwq%qu £y3 of I %gﬁrﬁ]igp@‘gﬁaﬁé‘ JgY;,EUt%% F<¥kide is
sel ected fr Manide -ahy déy edntiytle) melwmm$amd cea tet s (@rdyfuokyetrhyl )

tal | owam ne _qxide, dineth d| t ngnPxsde,
and di net hy™ (}’rﬁﬁeﬁfé %1%%1%%9{?%1%% sal elnz%/%ﬁ& £+ect ed from%
pr ot ease, armartyé aseeauptdesaent s combined mmarnt FLEgethveste optrkilige

essentially Qf @?f‘%ﬁ&sc&itai(ﬁd B YNH G ARl Eerpiynfesd HHEmulation.

wat er - sol ubl e cou agent s from.a short parbon chai n al cohol and

a short carbon cH&fn g??%dmet ?A Qﬁﬂﬁiﬁj“hqbdlygf FH3Y hted al kyl di ami ne and

an said water-socluble coupling agent is selected from
ethanol, propanol, butylene glycol, propylene glycol, and
hexylene glycol,

said polyethoxylated alkyl diamine is selected from
N,N,N-tris(2-hydroxyethyl)-N-tallow-1,3 diaminopropane, ;
N,N,N-polyoxyethylene(10)-N-tallow-1,3 diaminopropane, and
N,N,N-polyoxyethylene(15)-N-tallow-1,3 diaminopropane, and

said amine oxide is selected from bis(2-
hydroxyethyl) cocoamine oxide, bis(2-hydroxyethyl)
tallowamine oxide, dimethyl cocoamine oxide, dimethyl
tallowamine oxide, and dimethyl hexadecylamine oxide.

43. The method of claim 17 consisting essentially of
the steps of: |

(a) adding to water at least one water-soluble
coupling agent selected from a short carbomn chain alcohol and
a short carbon chain glycol,

(b) adding a polyethoxylated alkyl diamine and an
amine oxide to the water containing said coupling agent
resulting from step (a) to form a water-based formulation,
and '

(c) adding an enzyme to the water-based formulation
resulting from step (b),
wherein said coupling agent is present in an amount effective
to increase the solubility of said polyethoxylated alkyl
diamine and said amine oxide in said water, and further
wherein said polyethoxylated alkyl diamine and said amine
oxide are present in a combined amount effective to stabilize

said enzyme.
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am ne oxide to the water, containing said coupling agent resulting fromstep

(a) to"farma water-based formnul ation, and -27- (c) conbining said water
based formulation with a liquid enzymatic conposition containing an enzyne,
wherein said coupling agent is present in_ amount effective to increase

the solubility of said polyethoxyl ated alkyl diam ne and said am ne oxide
in said water, and further wherein said polyethoxyl ated al kyl di am ne and
said anine oxide are present in a conbi ned anount effective to stabilize

said enzyme contajped tReSaéthbd 0o dcPALy 88 | cwhereithati on. 42. The net hod

of claim4l, wherein: sajd water-so e cou f
et hanol , propanol, but§ft % W%T'?’EO‘PLE#P% %‘Pﬁi’gﬁq‘gc&?g n%éhégél'ggﬁgqglf co
sai d pol yet heetyambEg pthyhndlanbmeylenserrceh,fPUmpylene glycol, an

N, N, NFtris( N-tall ow 1, 3 di am nopropane,
N, N, N- pol yo%’%{'/ eneéil%i:)J tallow1,3 diam r

nopr opane, and
N, NN-ponoxyethyIene(1§§l¢+P%}Y%MquxlﬂF%ﬂ1%%55 gﬁﬁmlﬁﬁdl§aﬁﬁl§ﬁfﬁg(559ﬂ3
![SI |5e| ect ed ﬁrﬁgﬁbtfig 2ﬁli BEAPELNY] ) cncgamae-ws dm.ahi.n(aﬁrbpd.n@gyet hyl )
al | owani ne oXi de net coa X 0
and dlnethy1Nh§x§589§Y8ﬁ¥ Eh$£ ?1Q§'ﬁwﬁifﬁ%Y ¥£a§fﬁ%§%@ coggls hg
essential ly N)INthepen.ypxyethyLe:),e 615) A§-talhevet , at diaminoprepaaesr an8 ubl e
coupling agent sel ect eg %nfnéh&ﬁ.{ ga;_ OEeEQétedakfeJa%;ared-a short
i T

carbon chain glycol, ﬁ ﬁ ﬁ tgnhne and an
ami ne oxi de hYATAEYRERE )c%ﬁ?@#ﬁiﬂﬁ %ﬁ%ﬁeco 3 ¥3€ ¥YPEBYYi ng from step
(a) to fOrn*aaﬂﬁéﬁﬁmbﬁéedxi@éPvﬂﬂmeﬂnylaﬂdcoamine oxide, dimethyl

tallowamine oxide, and dimethyl hexadecylamine oxide.
45. The composition of claim 8 consisting essentially

of: ' s
(2) a water-soluble coupling agent selected from a
short carbon chain alcohol and a short carbon chain glycol,

(b) (i) a polyethoxylated alkyl diamine,

(ii) an amine oxide,

(c) water, and

(d) an enzyme
wherein ingredient (a) is present in an amount effective to
increase the solubility of ingredient (b) in said water, and
wherein ingredient (b) is present in an amount effective to
stabilize said enzyme. ' ‘ ' -

46. The composition of claim 45, wherein:

said water-soluble coupling agent is selected from
ethanol, propanocl, butylene glycol, propylene glycol, and
hexylene glycol, :

said polyethoxylated alkyl diamine is selected from
N,N,N-trls(2-hydroxyethyl)—N-tallow-l,3 diaminopropane,
N,N,N-polyoxyethylene(10)~-N-tallow-1,3 diaminopropane, and
N,N,N-polyoxyethylene(15)-N~tallow-1,3 diaminopropane,

said amine oxide is selected from bis(2-
hydroxyethyl) cocoamine oxide, bis(2-hydroxyethyl)
tallowamine oxide, dimethyl cocoamine oxide, dimethyl
tallowamine oxide, and dimethyl hexadecylamine oxide, and
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(c) adding an enzyne to the water-based formulation resulting fromstep
(b), -wherein said coupling agent is present in an anmount effective to

i ncrease the solubility of said polyethoxylated al kyl diam ne and said

am ne oxide in said water, and further whepein said pol yet hoxyl ated al kyl
di am ne and said am ne oxide are present in a conbined anount effective to
stabilize said enzyne. .-28- 44. The method of claim43, wherein: said
wat er - sol ubl e coupling agent is selected fromethanol, propanol, butylene
gl ycol, propylene gIyc§aldaﬁdzmmgylén§eé99§§ﬂ fsamdapampéxﬁU%y+avbd al kyl
dianmine is sghﬁgggg faga1y i B kBl s ( 2- hydroxyethyl) N-tallow1,3

di am nopr opane, yOoXx | ene( N-tall ow 1, 3_di,am_no ane, and
N, N, waﬂyoxyethy?@ne(%g ﬁﬁggPEgﬁﬁﬁgS f H;ﬁBbPBpQ% léﬂﬂ‘émé%ﬁé%%ﬁﬁﬁﬁlde
is selected éssenbial2y bydroxyethyl) cocoanine oxide, bis(2-hydroxyethyl)

and. i et hyl hexadecy] WAPA8 %§E§9%§§“B¥%38889ﬁ%§§? Kgehd; ARG W
consi sting esbent|qarpoufch¢a» aleahol- andual shestiprrryongahaige|skyeal i r om

a short carbon chain al gzhol gndaa gmgéghgﬁyhggeghalnyglHggmlﬂgp (i) a
pol yet hoxyl at ed al kyl é e. (1i) an amne oxid C) water, and (d) an

enzynme wherein ingredient (&}1Dsaﬁr§§éﬁﬁ Pﬁlgﬁ'aﬁﬁent effective to increase
the solubility of ingredijewatél) in said water, and wherein ingredient (b)

's present iQhéPefﬂnﬂﬂgrséisﬁkiYS)tRssbéggéhéeiﬁaEH EROUTE effective to
increase the solubility of ingredient (b) in said water, and
wherein ingredient (b) is present in an amount effective to
stabilize an enzyme contained in a ligquid enzymatic
composition. :

48. The stabilizing formulation of clalm 47, whereln-
said water-soluble coupling agent is selected from
ethanol, propanol, butylene glycol, propylene glycol, and
hexylene glycol, .
said polyethoxylated alkyl diamine is selected from
N,N,N-tris(2-hydroxyethyl)-N-tallow-1l,3 diaminopropane,
N,N,N-polyoxyethylene(10)~-N-tallow-1,3 diaminopropane, and
N,N,N-polyoxyethylene(l5)-N-tallow-1,3 diaminopropane, and
' said amine oxide is selected from bis(2-
hydroxyethyl) cocoamine oxide, bis(2-hydroxyethyl)
tallowamine oxide, dimethyl cocoamine oxide, dimethyl
tallowamine oxide, and dimethyl hexadecylamine oxide.
49. The stabilizing formulation of claim 47, wherein:
said water-soluble coupling agent is ethanol,
hexylene glycol or a mixture thereof,
said polyethoxylated alkyl diamine is tallow alkyl
(N,N,N-polyoxyethylene (13)-N-tallow-1l,3 diaminopropane), and
said amine oxide is bis 2-hydroxyethyl cocoamine
oxide.
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46. The conposition of claim45, wherei.n: said water-sol uble coupling
agent “is~sel ected from et hanol, propanol-,. :butyl ene gI ycol ~ propyl ene,

gl ycol, and hexyl ene glycol, said polyet hoxyl at ed | any, IS .S¢l ected
fromN, N, N-tris(2-hydroxyethyl)-Ntallow1,3 dianihn ey #E HAS BEEN l
ne B ACED

N, N, N- pol yoxyet hyl ene(10)-N-tall ow 1, 3 di
N, NN- pol yoxyet hyl ene(15) - N-tal | ow1, 3 dmopane ~said am ne oxide is
sel ected from bis(2- hydggxuét iyt RNe vRXi g WShS pxyet hyl )
tal | owam ne oxi de, dinet ﬁyl cocoam ne oxi de, di net hyI tal  owam ne oxi de,

and di net hyd émtmdergalrgnfwmiadwn arepable 2¥- eahadcéngytﬂmelsstcnsdga:taenﬂ from
a prot ease,shelfrbifesof diquidl epagetiey compesitibnsias 1bram|mumg @s a

claim1 cordisne {é%s”éﬁ]t |fa>rr| 9‘1'16‘F5t1{3661 dmﬂé{eéls yBFEEFe C talddiising
sel ected fripyme n e ¥ §% %a‘F‘EREF- a\Q%’%‘zycol
(b) (i) a o g e r’ir@e?a I @ \%n%r
wherei n i ng3 @aﬂ pPe 8?13{? ’5’ fec vetbc?'nlr a e

sol ubility of |ngred|ent (b) in said water, and wherein ingredient (b) is
present in an anount effective to stabilize an enzynme contained in a liquid
enzymati c conposition. 48. The stabilizing fornulation of claimA47,
wherein: said water-soluble coupling agent is selected from ethanol,
propanol, butylene glycol, propylene glycol, and hexyl ene glycol, said

pol yet hoxyl ated al kyl diam ne is selected from

N, N, N-tris(2-hydroxyethyl)-Ntallow 1,3 di am nopropane,
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‘N, N; N pol‘yoxyet Flyl ene(10)-N-tallow 1, 3 di am nopropane, and
N, N, N- pol yoxyet hyl ene(15)-N-tal | ow 1, 3 di ami nopropane, and said am ne oxide

is selected frombis(2- hydroxyethyl ) cocoami n i.de i S oXY, 1)
tal | owanmi ne oxi de; di nethyl cocoam ne oxide, waet%qegv\#ﬂ@ fi@
and di net hél hexadecyl am ne oxide. 49. The stabl l'izing formul ation of claim

47, wherei ter-sol uble coupllng agent is ethanol, hexyl ene egcoI

or a mxture thereof, said polyethoxyl ated al k diiamine is ta
(N, N, I\I—polYﬂ'ﬂ.;EeOlﬁ:yﬂWB\lT@)l N- STIABS Q@Hlﬁkﬂ%ﬂ\ﬂé\ﬂ? é§ml

oxide is bis 2-hydroxyethyl cocoam ne oxi de.

A stabilising formulation capable of enhancing the storage and shelf-life of
liquid enzymatic t;:ompositions as well as acting.as a dispersant aid for
industrial process waters. Such a stabilising formulatfon contains at least one

" water-soluble coupling agent selected from a short chain alcohol and a short
chaingylcol, at Ieaét one of (i) a polyethoxylated alkyl diamine and (ii) an amine

. oxide and water.
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