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ANHYDROUS SI LVER DI HYDROGEN ClI TRATE COMPOSI TI ONS FI ELD
OF THE I NVENTION This invention generally relates to
w@os/#esobi al conpositions. I n particul ar, thBCT/US2004/027901
i nvention provides conpositions conprising anhydrous
silver dihydrogen citrate and citric acid, processes
of maki ng the conpositions and anti m crobi al nethods
of ANHYDREOUS SILVEROPTIIYDROGEN GHRSRBOSIDOMEOSHHONS
I NVENTI ON Anti m crobial netal ion solutions have been
used as disinfectants. Silver solutions have been used
FIEED@ISTHEQNVJEN”SION cool ing towers, sw nming pools,
hot water systenms in hospitals; portable water systens
and mmnmoa e&agn%fémeé tloxanuﬁﬁérxﬁsl édﬂgbdowiohl Q8 the
been prepared for the treatnent of
inwentigeprovuies compdslmnstdomppsmg @skeytiromst dnb'dsdlhydrogm;d:l&bﬂeand
.and .qust be erat ed near t
citf i droseiSesdr aoaig b 5 hos iR Ah it Sfihedsbes afusing the
solfBtdriposiiémB. as silver citrate salts, have al so been
proposed as antim crobi al dusting agents. However,

BACRSRAINSH I TAFNVENYRINDPE kept dry and are

generalTy not convenient for inparting preservative

val v .

ant P BB HERN 1B REHE RV i o0 do i hats. Sitver
solativis evebedn wied tab disarfectargein coGlihg wiwtad, seithitdiig pads, hot water

found a variety of uses, including: as a wpod ) )
SYSFIRS B RPaPita)e, POKably whtsKstems SR?fpoPgo drddiiionallyetilygion

{

o B PR LT KA FLatBe R B TOHCRITRAL LR idhs used in
theqqobyosed nfethads arcandtabie andstest b gaiengedgeantthe wotahiagéds .to

AqueqQus sol.utions of sil di hydr ogen C|trate and
de@qbtr 9‘5“5%%“8‘: ﬁgﬁetoﬁg%woﬁ?(gﬁ[ ®osed in US Patent No.
7,814 (incorpaqyated hereln inits entiret ) as
di S%ch*@gﬁtsgcfr St vgafifraegally hava als pren proRased dgandimicrobial

S Gt

oS855 o, ek S ESQRRIEH R A9yl o

com@inient)for sipanting @t@@ﬂnﬁwl&emlmmtcoamérrmmtsobrifar @hwaxtim
itric,aci ngIBese S

anRFE SEBri6Th B e B odBF Podroambheftha i BT, Geliaidgl sitvr

ha®foufill 6 VaRES of uB! 1#E1udehdd 6 a8 d o prdeF 8108, RRAAi§iHRBIant of food
and are non toxic in the human envi ronnent at

an¢ benesagercaniabiess aifdiiadusina presessirebequipment odsiadiactericide in paints; as
a bhOQ‘,IC%Si}l ?é{tlgﬁt rp}_%\f%ﬁrhs aagg Esosﬁcisr‘?l 21rl1'lgt allgoerrlltsin&t‘)andaguI Ky and

eavy, us urec

Aqueous solutions of silver dihydrogen citrate and citric acid have been disclosed
in US Patent No. 6,197,814 (incorporated herein in its entirety) as disinfectants in a
variety of settings. These water solutions of silver dihydrogen citrate and citric acid are
made by passing an electrical current through a pair of silver electrodes that are immersed
in a water solution of citric acid. These silver dihydrogen citrate solutions are effective
against a wide-variety of microbes, including bacteria, viruses and fungi, and are non-
toxic in the human environment at concentrations effective to combat microbial
infestation. However, aqueous solutions are bulky and heavy, and are thus uneconomical

to store and to transport.
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to store and to transport.2 There is a need for silver
di hydrogen citrate conpositions that can be
weemsomserl | y stored, transported or both. SuckCT/US2004/027901
conpositions should be substantially free of water in
order to mnimze the space pequired for their
storage, as well to mnimze their shipping weight.
Suc rheRITPRSELd RP Silvd Al ydrsRAcffatd L fh
antim crobi al eff%ct aggggﬁufﬁéhsa%?ﬁgﬂﬁvg?ﬁggﬁ§%$ogen
ecarionrieally stidred, tramspirtedcbriothh Samh eompositioriseshoeldbesubstantially free
solution. The. present invention.satisfies this need . .
of St 5t BriEaT P E 22 & A0S FOMGCo o8 D raC R RIo Gmimize

theliHhigpERTiIghN SR cBhPSSIFbnd ShERIM doRfer B Qneficial antimicrobial
conposi tions conprising anhydrous silver di hydrogen

effe¢tiap selatiemsopisilyen dihybrpgenamtiate when cembingd withicvater eraitioer
[L1on I [ freezing a, stock
saGTRASAE e RSHR'ARATSy LRUBDLEOR PRSI,
ad¥anesgeeagiwyllng the frozen stock solution to produce
anhydrous silver dihydrogen citrate. The invention

SUMMARY gF PMEdRSYENTEN0od of using anhydrous sil ver
di hydrogen citrate and citric acid by conbining it

Wi t rhaBrReieRvstith ?W&estcgrinEBQQ&%ecoﬁﬁzrﬁ[rﬁgtaghg&gm alvey

_effective aqueous Silver ydrogen cit ol utrion.
dihpEfiogen ElraRESORIi PTIa0N 206 afHecdsh\vENIKiG sdid eompusitionDrThe

DR e P A ok Tt 0 opf S e et gnd then
freBASAMRRThE BRch ek solliRnas PYddued snhSidtons il vhr RVIFIPERA citrate.

citrate conpositions may be reconstituted after a

per iTad iRfenfibiMBurther I@ﬁie§5?r@tl?odsdflu¥ﬁg A hyHIELIRRr dihydrogen
~citrate solutions having effective dntim crobi al
citeatet andi dityic aTldebyaoomydniog ¢t withposquepondiluehf erprodiee an

f .ease and of s They al so

ami‘rr‘*%’c%‘@i@ﬂ«iefﬁeavgﬁfwatbe@umifv%ﬁ?ﬁ%ﬁm%ciir%%%ﬁm o

0 u Lons_of silver dihydrogen
DE AR ERO LR ER B NI one ey be

conveniently reconstituted with water or another _
aqud8e 1ventiQreproyides eoTaPPRRIS $eMPE i S gnltydsers silveiedihydrogen

i ¥t | t | . ' il ver
citfy MRUEE oo SHRalF il BrsWIUTRURS T e BRS0BL, SICC
diliydegen titett @enpdsitioas hiaydeaedonstitatedlattad a peripydastitiang toi rhale

oduced by el.ectrolysis of silver_ electrodes

staﬁ%%&o h)ipc#oglencqlt[rgtp solytipns having effsectlve antimicrobial activity. The

anhydrous compositions offer the advantage of ease and economy of storage. They also

offer the advantage of being more economical to transport than aqueous solutions of
silver dihydrogen citrate. As the anhydrous compositions may be conveniently
reconstituted with water or another aqueous diluent, the anhydrous compositions offer a

convenient alternative to aqueous solutions of silver dihydrogen citrate.

Silver dihydrogen citrate has been identified as the active antimicrobial ingredient
in a solution produced by electrolysis of silver electrodes immersed in a citric acid
electrolyte solution. The structure of silver dihydrogen citrate can be represented by

formula I:



10

15

20

el ectrolyte solution. The structure of silver
di hydrogen citrate can be represented by fornul a
w0 2008006HO- - COOH (1) -COO Ag wherein Ag is sPCwES2000027901
and the negatively charged carbonate (COO ) is the
nmost |ikely charged group insthe di hydrogen citrate
noi ety. The chemi cal fornmula for this conplex is and
its nol ecul ar weight is 298.99 o+ As can be seen
fromthe formul a above, silvef dihydrogen citrate is a
salt, wherein the silver ion |s the cation and the
di hydrogen citrate ion %0 +Q0O0HI n sol ution{)the
salt is present in a dissociajed state, the cation and
ani on bei ng surrounded by water nol ecul es, which
associate with the ions through €®ei rAgol ar OH groups.
Citric acid can be represented by fornula Il: HO
- CObhefdih A g @i R@r AnGhE ThRgali Iy uhRo&f cail&ﬂl_agz (COO) is the most
_mol ecul ar wei ght of 192.13 g/ nol" CI%rIC acl S
likely-chiarggd gvauipl inbhedihydrageoeirate ancittys dbe ckemicdl formulador tis

coly 1o T Sod Mo BBl B tan SNERT SR Yo Pl cASieancpeshet from
the\Rtlaabovd Sﬁ;ver-aﬂ%ldrtzgéﬁhirﬂit'kﬁé‘isai 28, WhérdindBs sitkk MAOR 19 cation
|

maki ng solid silver. ydrogen citrate conpositions. _
and the diydspgrncaitipte donysthe Fnieryi lnisalutignsthe salt ispiresentan aafissociated

| lver ..di Ci ribed.in ited . .
oy oty NS RARE il Y G B R T bt v st vith the
iomsfthroagh tgitgotar<dMH gesupdi hydrogen citrate solution is as

follows. A process of making the stock solution of

si | \GifricGicltychin 0@ e8preddntedtty fofmaA B! ectrol ytic process.
The process begins with preparation of an electrolyte
solution, which is an agueous sotddHON conpri sing
citric acid. It has been founfl that citric acid
solutions having citric acid foncentrations in the
range of about 1% (W ./ \HD- ol the sghubility
l[imt of citric acid in water] (about 60% w./vol.) are
suitable for preparing silver@d di hydrogen citrate
solutions. In sone enbodi nent s;~cddwgy range i s about 5
to about 25 wt%citric acid, with specific values

hatifh 3%hdBicailforRlE F ¢ M0 add embleEahs \Q/L:i}éhgofn@é. l%o%ro.i.séitric

acid is readily available from commercial sources. Citric acid is very soluble in water.

Aqueous solutions of citric acid may be up to about 60% (wt/vol) citric acid in water at
25°C.

The invention also provides methods of making solid silver dihydrogen citrate
compositions. The method starts with providing a stock solution of silver dihydrogen
citrate, as described in United States Patent No. 6,197,814. A summary of the process of

making the silver dihydrogen citrate solution is as follows.

A process of making the stock solution of silver dihydrogen citrate is an
electrolytic process. The process begins with preparation of an electrolyte solution,
which is an aqueous solution comprising citric acid. It has been found that citric acid
solutions having citric acid concentrations in the range of about 1% (wt./vol.) to about the

solubility limit of citric acid in water (about 60% wt./vol.) are suitable for preparing silver
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other ingredients that will not interfere with the
el ectrolytic process. A pair of silver electrodes are

wo povssel i Nto the el ectrolyte solution at a seit/akioed/027901
spacing to allowionic current flow between them A
suitabl e spacing is greater than about 2 mm for
exanple fromabout 2 to about 8 mm An electrolytic

dRHRIEED @ftra'tesso@tﬁmn'se% &Hﬁé’éﬁbd&‘ﬁe&k %& f ?@§= atb%u%ﬁ%b%ut 25 wt%

an |1 onic current | ow between the el ect
citic pad.svith a)epﬁiqmea bElng 10pbinend me%y The eppblytetthay comprise

d desirable t
Eﬁﬁf@@ﬁ*&ﬁ GaPRH T ¢t e B PRl PR dee. A
i St some) i
SIP&KI%'}B 'aﬁbwh@f{lb RErrentTRAKbUREEPBEMOTA ?tﬁ%ﬁfe st]agcﬂ‘lg 1s5£eater than

volts to the electrodes, with periodic interntttent
aptvi 2enmefos exarnple froan plent 21t alputt BowmofAr demroﬂytrqmgd:nttahs

I I ts i
£ st bR AR er O e e uPeeiivt bEvedh tf Hectrodes.
w:mtdlt B p%@shﬂlc tcT iesa b)crt Lptowea suppYy focapplf thb @recﬂ%lgﬁ@ ?&@ﬂmal it has
for exanple by settl g filtration or ore

begs fﬁgncbé%.serabw te ﬁeplrznae@ erHalEe Yravd fogman ﬂmlm@dgﬁ | A gyitable
?ft;%@éqg 9&%‘9 15d 5@otu? 80 t%]hg SA RQ) ?a%'lcml?erﬁa?mg?{afvgfo'f@ntaIBShes a pulsed
Ch-wise or 1n a céntinuous

proces
ppttemtaishavmgta peak ablssagermﬁabédnlle td 60 velts foahit alleeirsiel Meith periodic

drogen citrate_sol utjon through the el ectrol ytic .
lrgeﬁ/ltt% Phte reveseals FBC FeHMMEloRcRoRLRTsHh ke degtiatyte solution

r&uﬁy&rﬁmtlgh braﬁ gﬁepué 8u cs&fsuo du‘{ hﬁ F §@4ke Qhd citric acid.

ski | the art recogni ze t or egoi ng
Tbtssphltmynatyéaqfuethtﬂ preckssad, for eyarbple b(yfsettﬂlnrfg‘ ﬁlltamon or both, before

t k [ h t, Th descri bed
byife pid B RerRRrs of MashbaBhy ety SLERRTPeRg citaEr 07 814
t b fe d h | es bel.o
e RASaPRITG T PFRaRE e dobtiohpess biChar o of 8 connious
pro%feé%c It 13 Gl glogﬁble tmgbﬁlgte%lw&ﬁ)aﬁ@% dildi ;ﬂe Q&uﬁbﬁ fﬁ%ugh the

dr ogen trate and citric aci asn
ebetewiysu bjlbtotinereass the Gedeoucepiragon cbfewllvmgdlhydmgdedtraﬂeen the
[ ution xt st. is to.r wat er from
sTHESE: 3k PesPhor AT i s g St etz o B BBl steps Wy be
pfﬂcfié/dﬁlrlﬁ AguntYel bAdigferdnt vhﬂa‘ﬁmh@ﬁﬁbvfn@iﬂﬂﬂe hRaThe process is described in
freeze-dr resultsmas_gerlor product. In the

fifllee doteil in ﬁnﬁgd Dlates atent ot 6,69 6l sanaorpasated bypefersinag) and in the
e%xwg{ ?QJ)\Dy%Q geesﬂltﬁll Lt ﬁ&ﬁ %'ietﬁ fler%lcnea?s tﬁ ol. gtcggsgalutlon

edtoav

MRAGIAE larv&térfsotdﬁﬁnw lsill'l?dr (dihyafcfgeﬁ edta@@ﬁldhﬁﬂr@\/ﬂcmﬁatt}{ab BbEyet been
paoi nt of water. Below the triple point, water wl|
S‘élu?ﬂt?dntﬁtféﬁez?ré%ﬁ&g directly fromthe solid phase

Having provided the stock solution, the next step is to remove water from the
stock solution to produce anhydrous silver dihydrogen citrate. It has been found that
freeze-drying results in a superior product. In the freeze-drying process, a frozen solution
comprising silver dihydrogen citrate and citric acid solution is subjected to a vacuum,
whereby the temperature and pressure of the solution are reduced below the triple point of
water. Below the triple point, water will sublimate, passing directly from the solid phase

into the gaseous phase. In some embodiments, the solution is first frozen, then placed in
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into the gaseous phase. In sone enbodi nents, the

solution is first frozen, then placed in5 a
wo eawepetselr yi ng apparatus. The sol ution may be PCDES2004/027901

for exanple, by placing it in a cold environment such

as a freezer. In other enbodinents, the solution is

pl aced in the freeze dryi ng apparatus and then frozen.

r g o

o A A s, T o OR i o B AGE OByl By cd o
coldp:pmrm’trnl@ltamdl asmofrgazmg Inlnther ambudimeAss, thetselutiou applacddds the

Freghs b ing APRGPBI O S Targh A6 eLanmpRtionds FFRa T eprpges, the
solRBbPMal BE ﬁfo&eprye[)memgtit iffthd ﬁ@ezéamahg appdtati s sl fHARe the

it is useful ake neasures, such as centrlfugatlon
vaquanp rdywater ﬁ‘dmraﬁgs ﬁﬁmttlmssogawpl sample; itidgaved keat (romfthe sanple,

o A PR SRR T

sudhr aZe it $@|hs¢ﬁll%lta£ka Feaclrby, sﬁélbdsl oRBtrifeghtioh, todréfent faming of the
person skilled in the art will recognize that heatin

Samwé ftrip2ls usedifodiedi the sayenle furingths pff—?é%? flryéng process in order to
cor%é&ﬁer g t-‘l’lle ﬁ]ﬂelﬂrh%&ecﬁeg %?t e%eﬁ‘%lfxﬁ&l g’a%'ggd §¥ §lenlmatlon of

ure remnmalns he 1ri
wagn) I The persorrsidBedindhy aim gvm pgrapmilzel &es heaitlﬁg kineoftozearsdmple will

av able froma nunber of suppliers; or they nmay be
ge%ﬂbﬁpﬁ g &@?ﬁ&%&a@@ﬁ%ﬁﬁe@%%w ¢ erpble sdpperature remains

belBGvecﬁéﬁqﬁiwblHQoPoﬁQ%lﬁﬁbﬁ conprises a drying chanber, a
condenser to trap water of sublimtion, a cooling

Syskg e -C%{% o%%ﬁ’%‘{‘%“%s EI%fl{rl'oqz%raﬁHtavﬁlﬁtbiehﬁo%% %e? Qfa{[ﬁﬁfiers; or

and vacuum syste

thelyandyree cbnytringed imbprocedies kfnbaam tlebrart. ngy fapmd@ingSap@amtus
al so have a 1tggﬁgerature control device_ that all ows one

COMPYIYES 319rYIRE CRAAPTTe? EAICARET 13 B, VAIGT Plotubtimatian.taroqling system
thal 'i\%ge@m%lﬁ? odrnth afedvatc&ﬁn %HQBMF%B% RhAGRSS 2 v-g&ﬁlr? system to

rature control device will in sone cases Inc
applgfarvagematq the doong shanhizr. The fratmtchrymgfappgema may aldochave a

enir R g BB o B aCirEamaiaae Fremadintend to

hedi iid SAehpld 1 SpEEEHR sEBIhADHNPrEERS SThelldpbfaBfed GolFolidedice will in
process renoves sufficient water to form an anhydrous

sooAses include r@f@ﬂpliangn pejlssthatvadiculgteipigstant Ehe tegtp@raémm control
de\glé‘,{/ rél:?g Iaﬁg Iugclu fa ﬁ%godl[s olilscmg'th!erv aﬁ)proan(gYed&eiv%eQS at tﬁe sample

S are rans cent-

dugighdifreerd-8ryindy@seeser yst aI s are ground to a fine
powder and stored for an indefinite period of tine

unt ithe E8e%- (ﬁ@ﬁlgrcfﬁséyaﬁdntdve@ suffitienSwirer @BRA hABM Wirodshe
powder is stored in a li proof contai ner,

composition comprising silver d1hydro gen citrate and citric acid. The anhydrous silver

dihydrogen citrate crystals are translucent-gray in color. In some embodiments, these

crystals are ground to a fine powder and stored for an indefinite period of time until they

are reconstituted. In some embodiments, the powder is stored in a light-proof container,

such as an opaque bottle or in a light-proof box to prevent decomposition by light.

Surprisingly it has been found that a silver dihydrogen citrate composition
reconstituted using the same volume of diluent, such as water, as was present in the stock

solution possesses the same concentration of free silver ion as was in the stock solution,
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such as an opaque bottle or in a light-proof box to

prevent deconposition by light. Surprisingly it has
whewsoisend that a silver dihydrogen citrate PCT/US2004/027901

conmposition reconstituted using the sane vol une of

di luent, such as water, as wgs present in the stock

sol uti on possesses the sane concentration of free

e . I _
wiBloht By ol MiRadoioh 1o 6 B BRI B o IR e ibacion of
cohxﬁids iAlssdver iom isftbe aethviecantioficrolibl zrgedt inAssilyet dahydrogen ¢1&ate

.active antim bi al &Fnt in %Iver ydr ogen

oL SEEe BT CripasAGe PRI RASFATD Ale oG

an@xhﬁ:r@diﬂeiﬁbl%ilnésoasﬂﬂé §t6 88 sdlitfonS AMR r8d¥nktMufdABhbsitions may thus
properties as the stock solution. The reconstituted

be g gny mansenthgt thesiockeolutgens conldzhaye heamsedt hat t he
st ock sol utions could have been used. The term
c o rT;ho $artni ‘womposipiph somgrising) ymirydumssﬂizerehhyﬂrdngmhr@tgﬂa and citric

aci K a %50|tr|% aci d" neang osi t,i on
s e SRS g iR et Wy OB B e o acid
Thif) WehileWhé Edin Jbﬂl(ﬁﬁﬁ'@@@drﬁélﬁ QetfBibIe Qubhutitles S Wt 3PlSes not

quantities of water, it does not contain enough water
comtain elnhégfbwnt}@b&rtﬂilmmww@nﬁb b duid\iWhie thesobd Icomposmon may

e I S O Crys
be GRRRRAE b B e 2 SRR im0 sSlet PR dstifle &5 ayphig formed
byfﬂ&r figxdeldyyih§ procesateecribied] 4@ ip tOBREsedRpedialBLablanthiiss the
. considered especially. stable. Thus, the invention
invepfiorhyth srrmmi@gcmssa g |CoMpesiEOREROBINTISBYEAnhyHenS §ilvey

dl@ﬁ@g@ﬁgg&téﬁ cﬁurt erdroge_n citrate and citric acid.

e nvention provi des anhydrous silver

di h n.. CI e comp osi.tions that,.ar

fr e)eﬁ%?) ?rg/%n 1on rov S aigmslgctug ﬁ{lvegl qlg,yf? ge C“Fég ﬁ%mpos¥tlons
thalt hﬁtsubh@lt&ﬂlyn'fe% df er 988 tdrS Substaitialll Ereb’0MREns that the sample

detectable limt of water. Wiile it is theoretical

comyprisss hess thap the lases datertablgdisnit of water. N hila ftgs éleorqﬁlcglbfmsmble
to ft:eﬁrg)t { HtéVéé%D fﬁcﬁ{l ftl%)ef milhﬁ sogﬁé/ catstelt Fsasqfllicge&t % hgretgg ?ﬁn\?\;&le to the
poinhthatithe @eatonotof rcmaimfig)watar tif a&g/ogrhekﬁdtlﬁefemtlbmﬁnﬂt&aﬂm-

tection nea t hat nti oned are gas
feceﬁ?laﬁgi? QB AYCEC & “}ﬁ%teéHPn Hﬂ&@?ﬁer%?tdnwé%waﬂ%@ed are gas
t
Chi A RS (GO B BRI CBR A AREENOr ) (NIIR), mass
spesEovBiry TMS),i ancembirations off thweror prare thibeso fafion ymhmpls GG-M&r

di hydrogen citrate containing an anount of water above
t he THe ireehiianfurther proeidesvattaiirduy sitosr\ditnftdregeal citi£6 tom@ining an

St MU RN CAC R
such embodiments, it is preferred that the anhydrous silver dihydrogen citrate comprises
less than about 2%, in particular less than about 1%, more particularly less than about
0.5% and even more particularly less than about 0.1% water (wt./wt.%). The person
skilled in the art will recognize that such anhydrous compositions may be obtained by
performing the freeze-drying process under conditions, such as vacuum, length of time

and heating, sufficient to remove the appropriate amount of water from the frozen sample.

The invention further provides compositions comprising anhydrous silver

dihydrogen citrate and a molar excess of citric acid. The term “molar excess” means an
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| ess than about 2% in particular |less than about 1%

nore particularly | ess than about 0.5% and even nore
w@2ansioesbarly | ess than about 0. 1% water (w./RET/#§2004/027901

The person skilled in the art will recognize that such

anhydr ous conpositions may be obtained by performng

the freeze-drying process under conditions, such as
ambRRHBitric 8B AcR that, | FTEeRA thIE 6t { R dlﬁgérgg&{ &Githteif? the

remove the approprlate amount of wate omthe frozen
compoplien, thl'dire 1§ greaert them ofiemplearf cprloaq:ldef ocexmuuse,ta 1868% wt/vol

AR KON LR T T

coRBRNForA ﬁl?mﬁ M0ODD1 @F alsdult N v %Adiver BHCIN & Eﬁ‘&wufa@ ExRRE a 10%
mol e of silver dihydrogen citrate in the conposition,

cmﬂﬁ aqid splytign traated by Hherrlestielysisi nsoesss described ahoive comeins about
T(Eéé%n ar% }%8 (9n¥f/8¥(ﬂl C(Jt I‘ O pre% %et ﬁlla{:thgl% l? tI'IbO?éI‘ €XCESS

en su tO e YSI'S S previ ous

of dmsa:adub&) Mlvlei‘ dihgddogem cifraterin aiws@lutibn()@@ﬁﬁs &anghe) uhe tholar
w%silver ion. In a particular exa a 10%citric

cxGR6H {3 ABBVLAS VP Plsoegeoncy skidn dhes P st fopotiashat, a citrie
b %osd

R T ST

foregoing fretzardryingguecess will tontain acalart eowsssIO\f eitric abid dwvegsiver
C|trate|nt e sol uti h this e, the I

iRt 6l G SHRPODHI LS Bl £t f 0T abmd Spyebout

10)000 |folfi“1'htﬂiﬁ'icu!ﬁ(‘a99ﬁl' 821% abBﬁ&t 10,099 161dt 1Ti & bRGéWEditRat an excess of
non-vol atile, the solid silver di hydrogen citrate

citde agd o ¢ soinepdibpidrogen ¢iirateiod gfeatee fonragotitrs exee dargicunlgrly greater

555 4 T R R A R S foana
stabilit@ oMbk Silve XiieRisoden citt ROt GRpIoL 1r5sdh§?tlcﬁ1bqflﬁls Jfle intion

foI%I in rtlculagr about 8 to_about 10, 000 fold. It
prqvides splideibier dwdrogen sitrataseomosisions pemprasieg &imsr diiyixpgen citrate

t

an(gg}ré%{flég Ef%ﬁ %P&'lth{ Zlglﬁf)él?[ cu a%@% dt a[)&?% E}Q&% élaié:rlilwn{}’ at least about
10pand evenl moieypagictibdriyrat ldaatnababoll-fol@ modr @xtebe o1 citric acid over

substantial .stability of the silver dihydrogen citrate
silyeg dHYER08eR S Wit i on. ~ Thus, the invention provides

solid silver, dihydrogen citrate conpositions

conpirhag W@nﬁngvé?eea ifoundrtbyaphydrevstivendibydriogen eifratehan
corﬁ QdffiorR are fz&agl%r 'b‘éh’ll cbo%ttltlu%g% pf%*ag&'é ar?antln[{@l[o%lally active
even nore

rticular east
corppd)smucnul Iahhynatbetrepisvioaklg uépoiiad tiait dn Hﬂh}&lltoMl@&Sdlbf'dro gen

citric acid ov silver d drogen citrate. has
citiafg mpﬁsxﬁww%ﬁi issdvntr 4 %Q{%n%\wﬁw wgumqg\rb? association between
theldi AU 088 And tHe' A &te GRBRATr ha @R Ded] ﬁlo%pcﬁ |r€c&fstlfﬁ?édrkglutlons

reconstituted to produce an antimcrobially active
have antimicrobial properties.

The invention provides reconstituted silver dihydrogen citrate and citric acid
compositions containing from about 0.05 ppm to about 10,000 ppm of silver ion (Ag").
An effective concentration of silver dihydrogen citrate depends on the microbe against
which protection is sought, the substrate to be treated and the existing or potential
bioburden on the substrate, and presence or absence of additional antimicrobial actives in

the diluent. In some embodiments, an antimicrobially effective concentration of silver
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conposition. It has not been previously reported that
an anhydrous silver di hydrogen citrate conposition
wowrusd4dsssol ve in a diluent without disrupti nBCT/82004/027901
associ ati on between the silver cation and the citrate
anion; nor has it been shown g hat reconstituted
sol uti ons have antim crobial properties. The invention
ioR kbl B8 HRANGHY4 H}%ﬁ%% Shdu¢ 8508 Bl eQRBANG 'aB&fttOel fmout 1,000
citric acid conpositions confalnlng from about O.
pppm t o about 10, 000 ppm of silver ion (Ag ). An
effective concentration of silver dihydrogen citrate
depeHhids, the inveation provixies agadthet ofidsingranpmbydrots sitver dihydrogen
e suastrate t 0. be t eatg& and t he eX|sI|n%
C‘B?teg@'t“@ﬂ%‘ Hion Podes 4 FEAnSHtechgilver Ay rogen citfate solulionn dde

m@t‘ho@ BSBpE&s bmBHfhS 1heRRhy B dBnfolRiod widld JhYL?e%t | Phd Bifuent is a
iluent. In sone enbodi nents, an antimcrobially
soelz‘feméeatnablé of disselningahe sitveoflihyiirogen gitiatsrandapitgie scidr dmsome

erfpitng s i R gl Be AoaH adhioB oM, 5aPE e droiiodiion,

comgirkag Wt ridng saditRaByWaeHSolsHIE Uedirediéty Fbﬂ@@ﬂl;ﬂé thedilent can
conposition produce a reconstituted silver dihydrogen

becwaterethage)| qii combinatien oé Matsa aedapriclemick anbil Abarglution of
conposition with a diluent. The diluent is a
SO vent capabl e of dissolving the silver dihydrogen
citrate an
sui ¢ S nOetioRahihdE pPEifes BT ERBuRE e FE0 e Jiverdipydrogen
cifthite And Otk QA cEAPBi i GsNGitR H R en et ﬁrsuaa@httaul?m}e water. The
wat er - sol ubl e ingredient. For exanple uent can
te@é ‘sbstantiallyt pn BiatesT MearoWREHEE! is gssentialiyt feee efip@ntaminants or
f
UEL3BloL UH5 o AR Bt B sy plfh VY U gt
walfJ yiditsiel ﬂlsﬁllbd/%ted,l dd))dﬂle&ﬂﬁﬂled idejoaized satkr Qiltrifilgerad iwdter and
osi.tions with a diluent that is substantlally pur e
WW%E “Uqﬁ@ntern1"substant|alIy pure water" means vater

that is essentially free of contam nants or
ant i Piedpvestion faglarpsovideschr epsorstifing|the shydrsus silvgr dihydrogen

cﬂé%&?f&%@?fé%@&&% g f)gsoﬁ\@fs%l s v?allt&t\k/ heﬁem Ey.” &%nglvgater

eon ze

obthihédfromtressy) lak@s ,8tre@ns regtwirsf @c., and with @eatedWeater,” that is
fJnventlonfLiglfag provi des for reconstltutln t he
€ QH?WdYa&’dé &ihpg ‘?enotfeﬁ r%é@ﬁo‘fﬁ qopntaENYRY Jairpest @ommaly

m{lrcgﬂﬁv\%tﬁgérs', RSthattdplwitePwitBlutfice Wal dilueht SRELUIRLYurer thMRbS water

may be used if necessary.

et

The invention also provides for reconstituting the anhydrous silver dihydrogen
citrate and citric acid compositions with a diluent that is an aqueous solution comprising
water and another ingredient. The other ingredient can be a cleaning agent, an
antibacterial agent or another type of ingredient. Exemplary cleaning agents include
detergents. Exemplary antimicrobials include ethanol. The invention provides diluents
comprising water and a member of the group consisting of detergents, alcohols and
combinations thereof. Exemplary diluents include aqueous ethanol, aqueous sodium
dodecyl sulfate, and aqueous mixtures of ethanol and sodium dodecyl sulfate. For

example, the invention provides as a diluent an aqueous solution of about 0.1 to about
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obtained fromrivers, |akes, streans, reservoirs,
etc., and with "treated water,"” that is effluent water
WO bas/ohmel been treated to renove contam nant s. PATIUSIHS4/027901
normal circunstances, normal tap water will suffice as
a diluent, although a purer fgormof water may be used
i f necessary. The invention also provides for

0 | . l'o g . :
D R T e R e i et S i
coaguiedaboanR Yt dtitanot amdogrestenthamalhcart 0l deterghmtrin water.

i ngredient. The other ingredient can be a cl eaning

agerthe @mbﬁllliﬁtioh&jftsﬂf/éraihh}@m%h clifat@fnal dikdnol pRRueds unexpected
i ngredi ent, mpl ary cl eani ng agents incl ude

SYREREIStG éwersfect@éé\a*e|aawmambmmpsmea| SSiCABPEIE @ amagisous ethanol
co‘lrn;gﬁgfgr%}{ S\?fﬂoﬁ951WePHfh981% ki {ét the§ fibs | H)glld’@t(ﬁ m gcllnﬁand

e group-co S|st|ng of detergents, a
anéindcrobiabefifierts araslowkecmoéntraios wp hizolol dhdnue mb@:sé;any lwutlheut the
.aqu et hanol , aqueous sodi um dodecyl sul fate, and
Sl@%{@ﬁ@%ﬁ‘ilﬁ?@s of ethanol and sodi um dodecy!
sul fate. For exanple, .the inpvention provjdes  as

di | uﬂlﬁlnawtlgadm ps@yidasimgthesds of ysing aphydreys sawswlbyqr@%n
c1§£t9 @Qﬂléoﬁ%sqg Y&Hﬁ@{a afa gﬂi&ob@al QBQ:. t’[‘ﬁem% s%é‘lﬁ%z combining

eterg xenp uent conprises about
ansinhzdrolis sihatr dihgdtogen chiate @pgotition Gvidh azlmﬂtmngemrodmne a

water. The natlon of si.lver dih C|trate
re g GIHEP S PUGEELO g P by MENGRS frtber comprise applying
thé ketbRdtRek @ Bilver AthyARd den RitFai O dditrR e 8ot R to ASubstrate. The term
conpared to an aqueous ethanol conposition w thout

“sybstiate” igipenpdicallensediberein o, medneanysuepce; auticlsr@dngigenment that is

n nt| crobial effects at a | ower
mélg%%:e{] i 1fr8161a2&e§ "€8kol than is necessary wthout the

silv, d|h ro tra he i nvention furthe )
> oY st Mt Srhytbe et il s iogs FoBPH e Sives ipydrogen
c1ﬁfhtE rlﬂélﬁdfﬁg %@ﬁbhb&n fob18, ARRAUAS.A maAt éLﬂTaGésO(@hé}i as stainless
fect hods i nclUde comnbi ni ng an anhydrous

stcsﬁl,l ohmmﬁwg@wr@p@a)mle smé’avapmrgw swifedesavidyl flearing and

P REHES 1P GRSt Bl ns B A AD R gt RSuaing

infegiopared exiteticr dufhdey OF vakidusdbResineluding!igteddes ¢fl dohtatners (such as
acid solution to a substrate, The term "substrate" is

bailsrse Pateh tanks. se@aHBE BOQIStoée Iritderiah 9f Ripes gxterioraf| .h@u%ehold

s SAIAGE, Ly SO BRI s
used hpresi toidistmgushprérsd whols iattick: ”Hlerrycbmg?mted silver dihydrogen
citrate and citric aéid solutions are applied to the surface by in a conventional manner,
such as by pouring, spraying or swabbing the solution onto the surface. The solution are
conveniently wiped or rinsed off the surface, or are advantageously left on the surface to

dry, thereby providing a long-lasting antimicrobial residue or film on the surface.

The invention further includes methods of treating various articles, such as
fabrics, metal articles, plastic articles, natural products and other articles that are often
treated with aqueous cleaning solutions. For example, the invention provides for treating
food items with a reconstituted silver dihydrogen citrate and citric acid composition.

Exemplary food items that are treated in such a manner include vegetables and fruits.
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citrate, including countertops, floors, glass
surfaces, netal surfaces (such as stainless steel,
wa@ koosoeisand copper surfaces), tile surfaces, CPCYUS1084/027901
surfaces, vinyl flooring and pai nted surfaces. The
term"surface" is used hereiyp to connote any surface,
including interior and exterior surfaces of various
r
Ex@&bﬁg}? gege\%\dgifées:!ﬁétgxgaysﬂg tgé'vziln'térarlﬁ]ﬁ r%lgg H&Hﬁo érthfeltﬁ{i:é)r()ﬁféc(ghcﬂlsag cgrrots
begs$, mdphga) ke ($uwwhss pbtatwwempsdsw«i:otpmams andlyams); bulbs (such

o BPhs o ¥Ps BhLRES rufel Rt Y Serlist SGhas smhicn kate,
letld® hd ibbh&d) Cerudifi@olisLspPsIfé fshéﬁ ﬁ’éjbrébdo\heinddﬂamﬂ’é\ﬁ’&?rhnd legumes
citrate and citric_acid solutions are applied to th

(sush gs beans gyd peanytsy.o Ryernplaphnitsthetriay beigedtedsia this manner include:
sqERH thdldns, %ﬁ@ A 8?8?‘?’% r?%mbl?dnﬁﬂast H)?Ila?(?(% ;&%8%@&% gs é{%ﬁ%‘ed

surTace are conveni en

grapefruit tengerints cangelos, lamenaailivh e egrapdsyant @liven nTHel”iﬁvention
surfagce to dry, thereby providing a long-lastin
PrOYSS APCSPEBIRG O WA e SV OFHOERESp Kitrale S BRitiontaato the food

ltefnn \"qugtlh\%ﬁtlgﬂ Eﬁé}ﬁﬁtﬁeg%igfégﬁﬁs St %ﬂﬁﬁg 8k £ &?ﬁ’érh oYi%é Sition.

ticles, suc I CS tl C ast

ar 1h Fen BBl A7 bR Rt SRR gggﬁétg'g el il ©

often treated W t deous "¢l eani ng

recdntitilee s11¢'d”1fellhy’d\l(§§éhlcﬂfht@§cﬂﬁﬂlcdﬁs Ff)ﬁéxafrﬂ}ﬂ@tth@ﬂ)llfltﬁﬁﬂ may be
itenms wwth a reconstituted silver dihydrogen citrate

sprami 1 Wipp¢ onle; agv aishirfdiemsgncluging mechajcal pads wied ig faadzgervice
Y
R S Bl efHie. TR 5 AE T BITEE B8 nd other
itetnk ihand‘lahblyechlldnmi ardeinfants0 t Bhe(selutiongimayg ﬁlrﬂmt be ubsglab g )ean fabric
. di tubers uch as potatoes, turnip sweet,
“e‘rﬁ’g’t S'éf?g g@la%ﬂ%; gl agsme&gm@s%ae iheE e gfeans! zl‘élﬁumfeaﬂgl}

pr@@d&ﬁedo%%ﬂte@%ﬂ%ﬂ dihfdro g Giedte E@xﬁ é@ltY(ﬁﬂ%E O?lt(}ﬁﬂltlons for
as spinach, kale, lettuce and cabbage); cruciferous

dlssrrfmjmtg@opbugmteaaslmnemtgjhtcnsalnamamlqry| ovver) and
l.egunmes (such as beans and peanuts). Exenplary fruits
t hafThenayweheor furtheenhcluded hitsninmwbindly eiffecti vedkdlvesdjibgdriogen citrate

nmel ons, | es, . peache panana omat oes,
cormpesitiaris( e rerat a@f%@f@@aﬂg F&IB%WFUF‘}“ fiﬁ&j@? FofEROSItion is
efL@RARS A8t of ﬁ:ﬁﬁ&sth@ @%ehd FESHe or MGt B crdBes, Bl'év‘éﬁsinfezﬁﬁon by one

i nvention provid or spraying or wping the silver
or mowm:cmg}ma lolltqnatoe mooemaEdhdspor aenngbindtmnfof dlabse effacts. THie term

}é h{nat‘ﬁrnatwel owdsfor ggéilg)githefoag

m‘FTP PGS & PEHE™ WBs Y}f”fsooﬁ %}%Orﬂsu her TR AU

comipbdigsts Hale bé@adhbhe té by @ffécﬂiv)t ahingiat vasibBSoMhdiBator and
reconstituted silver dihydrogen citrate solutions. For

paibeant wicreles, msludingdristeriaysusl as pPsepdemenaswiepginasat Sulmonella
ch%(l%frodgﬁé% rsgclgpgz:g}o%%culs gﬁlelt'cg,l %p%}?z%%}bp rln a@r? st gsclil%rezghza coli,
Listeria monocytogenes and Enterococcus faecium; viruses such as: Human
immunodeficiency virus 1 (HIV 1), Herpes simplex virus 2 (HSV 2), Influenza A,

Rhinovirus and Poliovirus type 2; and fungi such as Trichophyton mentagrophytes.

The invention may be more fully appreciated with reference to the following
illustrative and non-limiting examples. Other embodiments of the invention may be

practiced within the scope of the present invention.
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or food process manufacturing. The solutions may al so

be used to clean toys and other itens handl ed by
wa@bkiosdsdon and i nfants. The sol utions may furt hBeT/082004/027901

used to clean fabric itenms, such as clothing, wash

rags, bedding and other fabrjic itenms. The invention

provi des reconstituted silver dihydrogen citrate

conpogAipeeg as soaking conpositions for disinfecting

cooking utensils, eating utensils and cutlery. The

| v enE Aol L BRkvalaih YHSRRRIV G 5k ORG T ¥infthd SliYE

SI | v
C | f.f.ect Jreans 0
é*(%c\“?ﬁﬁ’lg bl 651 AEAIR sl S OB
peﬂﬁﬁabldﬁlahbnbﬁs to RhRVE Mhpiritied Sthapiddiciny dejoaizel wikdre Anhydrous
m crobes, kill one or nore mcrobes, or a conbi na

99‘é§f PUre gidEc aqiql @ias eixedhwith élﬁw#?rctra@b@mﬁ 2P galiong of a 20% (wt/vol)
Elﬁ{d &R p ¥ C%aﬂ%n Watefrﬁ f% G’?ﬁU%nﬁéAs ?QO% %Wrg({ L4FRere
ave peen s e

rate co Iti1ons ective
dlracgad ¢ amionaohambyr aitdimdg hamg pesitivepatdnegativecelectrodes, each

ob i ncl udi n ch as. Pseudonpna
OB Tgioh 0 ORI OF POS B PBieno LT ROV Ay AIRhe SR Retrodes
we?é‘ilﬁHé:d atMERPS 0ORRAGH ee[lloW?ﬁ%n Befric BAREMLiGH k@%af‘sg bltween the

Li steri a nonocyt ogenes and terococcus faec
twq elegisedsss dation genderticacontrolierd He€) pavesroyppliy induding kipwsitive and

2 (HSV 2). Infl A,
a T PR SRSt T e P nreres R R Sui, The toc
applifddGheupteyit G5 SBPE AATORNY Ri¥sed EREryI IREBMdsORitHBp ORIt B Bge at

fully appreciated with reference to the followin
1 mlmv@gtlﬁeataﬂs\f elhapegheshtheipracessa heslestrpie gap wahadjusted in order to

\Y i wi thin
m RS 8 Pl A A5 PSHET fe il
flowv betd?éeﬁ;ﬁhé pbditve mfd iiigative dedinodes, Prddadingdase s{vér 1@h£w1th1n the
Sol uti.on \Water. was i ntroduced |nto a_reverse osnos

dﬂw‘ﬁfifltrlb adidsalytionr Shgslver kasreasisdratinihe CHieifBsidas thegitric acid
solﬁﬁﬁ?ﬁ)eprbmrthé 5i8%r B dRILH iR oflfioqn! 'ﬁg 1§{c a01d solution

rous 99% pure C|tr|c aci was m xe
Wawa&toemculattdphmdgh €200 ciphbep taSSQ)galh)nﬁ @el%l(nmtd fooll )14 (1(7196 ugtil the

citri.c acid al | on 0 t|o The 2
desitgrsyfia n Coishurtion EosRano B ecttrPgiree e sgiytion was
theahMBRed tCanAdrére allawiaRy sORf & AR riﬁtgﬁxtobé’(ﬁlrc to g%rempltate
el ectrodes, each consisting of 200 troy ounces of

The resaltisigipreduct waga pré\sartdnhyércmu cﬁ@g@sqlm@néaemmbsr iger e
cof?‘cf% gona&f f466§§m2 IQ rggﬁe? blu?ion Is rePegretdrt]g asC 5 gtrolclg soqﬁ{ign.

fontop T estr
The stock solution can be used 1mmed1ately per the following examples or stored for later

use.

It should be understood by those skilled in the art that numerous variations in the
size and/or spacing of the electrodes and numerous variations in the peak voltage and
numerous variations in the timing sequence of the intermittent voltage polarity can readily

be used to obtain the silver dihydrogen citrate for use in the invention.

Example 2 — Preparation of Anhydrous Silver Dihydrogen Citrate

A 1,000 ml sample of the stock solution, prepared as in foregoing Example 1, was

obtained from SSA Batch No. 04.06.03 and was confirmed to have a concentration of
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two el ectrodes. An ion generation controller (IGO0
power supply including a positive and a negative
wa@ondueisor was attached to the positive and nepeR/Usm®04/027901
el ectrodes. The I GC applied a current of 5 anps at 17
volts, pulsed every 9 seconds, Wth a polarity change
at 1 mnute intervals. Throughout the process, the
1Y [
o Pt S8 DEoR 200 DBt sb TRl Db shectrode
(IS&E). Theprmgessenwas calibrated e gOdannPhetapiasd $dlwtmrmnd
negati ve el ectrodes, producing free silver ions within
t he Tde I1 1006 dnicitddki solugioh Gvas decintedrinto e 255’1 ¥ 8Y x i16’r’| Pyrex™ heat
reacted with g{ql)]é( ?Idln\@ﬁhe citric acid
resisAn Blaghirexs- éhsﬁwe oftipalevs wpsipRReRmaigly &S in each tray.
solution. The 20%citric acid solution was ) )
r eciTpe eyt werettheroplgeediinte 4 sealksoamperciakgrade figare-diyingiuit,
r
Wi WS br £ eyiBR gy it Bl Eftof el f Mhdenser o
trap wated remswdutdm thayasdidiencodlihg westerh o Sipply refrigedait té the

all ow any solids formed during the procedure to

temppresatpsi coRtrel shetyes P@Lmnfipwgr »BriGaMET sypem do tdugethe pressure in the
chﬁhﬁy%@gﬁmeﬁéé&€?&11ﬁ%%é ‘%}E@ 6&95 8C§61L\éea51d'v95hum ressure

concentration ppm i's solutionh Is
setnegsewe:re dteptcwmlsm dhesstaclardmhgdsi assnmaTd:dewﬂh fickzesdrlyirtg agmeous

IC{? 8, ;ed i medi ately per the follow ng exanpl es or
solubonssy BV B ¥se. 1t shoul d be under st ood by those

ski | ed N the art that nunerous variations in

I
si z&fghd? érOfélb%\YF‘waéﬁ‘ remppyed (frogt ths geadugh dhelarasy %ﬁfgse crystals
wei’@tfdll%t‘;t'e@ Bdnd thelthy o\i?(]i frﬁtgg fiaBdr f'mﬁfe %vd\éf}r 'egéﬂeﬁréﬁd

|ntet|mngseuenc |ntemttetvota
stopaul| & lai bt raoma tinlperdvere (34°6F) far cmbivasek. Thial siystabweight was
ZOgilgédr ogen citrate for use in the invention. Exanple 2
eparation of Anhydrous Silver D hvdrogen Ctrate A
1,000 m san'p e of the stock _ preared as.in
foregomX Reconsguitign ot PEST ptecypoly
04. 06. 03 and was confl rrred to have a concentratl on
of 17he epyistalliiel ppadep fropviganide? vk thenaeconsiiwirdtusnZ90A
. . 1] N T
oo 8BR300 bR ARSELTE B SEILSAR (AR Pt
ﬂasol THei sronmonvm tﬂclﬂzigfi)tat”dd vid magne(m E;itr:]relofa»r \Eﬂmldﬁeﬁm&%\m into a
nt o 8" x 15" Pyrex(t eat resistant gl ass
lig trrzwe} Stemarge P%bqreﬁtéors%wr%m ution level was
approximately 1.5" in each tray. The trays were then
pl ad&el conpentratianaf]silvetgamin @Pawogﬁtau@dfs@leezen@s {hepgneasured
, ¢
usi gltl{e Oﬁ\%?éeb&C %%?OFFQ}T(P{S\%CQE%C@%% ald f;ézt \éﬂllggurements were
obtamed at 24, 48 and 72 hours and at intervals of 1 week for a total of 4 weeks. The 24

hour reading and the week 4 readings were 2398 ppm and 2407 ppm, respectively. These
concentrations are essentially the same as the 2400 ppm stock solution (within the % error

operational specifications for the Orion 290A™ processor).

Example 4 — Antimicrobial Efficacy of Reconstituted Silver Dihvdrogen Citrate

Solutions.

In order to demonstrate the efficacy of silver dihydrogen citrate compositions as

preservatives, stock solutions of silver dihydrogen citrate, as described in Example 1,
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trap water renoved fromthe product, a cooling system

to supply refrigerant to the tenperature control
wGebhmsves6and condenser, a vacuum systemto redpCBEUS1084/027901

pressure in the chanber and condenser to facilitate

the drying process. Coolingand vacuum pressure

settings were kept within the standard ranges

weRSfBfdcaldqd PY‘ésERaEO@@EQI&& Y TBgs OMEPSero Vel diRMen dg‘ 2 PLWwere
water matrix. After 99% of the water was renoved from

perférenedragclording to itfee Ewropean Rheemapopegiy sastinsthand dl4én01.63.0@ dor

romihe .trays a r qund to fine crystalline,.
Calsisiia Progi 18R a Sl o e B v FuibdS il o Vehictes,
noh<eére h@daugﬁ)d(u?té F&mﬂgbnm@lumgKhos’e'@blalhed%yﬁﬁo@hs wRehbidnes.
was 206.12 g. Exanple 3 - Reconstitution of Silver

Di hB‘%t@ﬂﬁqe@otréﬁﬁs?nss&ti%hé@@w@f&%uﬁ{\béﬁgd%nl CRBinVYARAI peptone

from Exanpl e was then reconstituted using
agarapd dwigahtest qrgargﬂmnbn Saqumdn% glicpsradgay foad 8-Zduraars at 35°C

O ateldn 2ra Gl of 828 LB EgpbaGeifiht o an
e A hsbsicfy i piedsd bR VP sty acePRReRthe

su@&lelétf't}férhg‘ﬁ@ﬁlaﬁeg %tW@%%B@QnP&i]&%é h&‘spggzmﬂs wafirvested by
processor SE described in Measur enment §

waglking Oﬂbhaam @1@@ surfhce 2@th o mdmmnhs},oradedoé)tl% Twveen/8). s
of 1 week for a total of 4 weeks. The 24 hour reading
and Theeusperdforlof estdnio g yuRismsABE8 dnmasd avith 9% Gopjum chloride to
res ect|vel These concentratio re essentl ally the
thefifd testorgppids éBﬁPero‘ﬁ{l%‘tVHER depfityiats (R Hmfﬂﬂé uggts.
error operational specifications for the Ojo

290Ret teytpr srigan 2P ofthgipt praduct vagre weight erbglaﬁs Jers(2 ey jars
f |
il S5EE i SRty PR g 7 Dbt blFBR o

susqbeirgmh o]jlmwmmrdsdrgﬁrﬁsms)wpm&atafmﬂbsdlambptedse theattst\pesduct by stirring
.St ock soluilons of silver dihydrogen citrate, as
@‘easé?ﬁsﬁ%t“an Exanpl e 1,13 were subjected to
Preservative Chal |l enge Tests. The Preservative
Challhe s eontaginategdess PH&“P@ PYRERIStaEcd it dPR9°¢ én theelark.
Eur opean Phar macopoei a test nethod 4.04/5.01.03.00 for
Cat &gwples 2f hgguaterial V(etr@ pikerimmedigtsly piargontamination ofithetiest

RS A2APRE Bpdd i B AR et SR Riofrenbr ancs.

The samples were diluted in 0.9% sodium chloride and 0.1 ml aliquots of the
dilutions were spread on agar plates by means of Drigalsky spatula. An adequate
inactivator (neutralizer) of the specific antimicrobial was incorporated in the diluent used
for preparation of the product dilutions and in the agar plates used for assessment of the

total number of viable cells.

The agar plates were incubated for 24 hours at 35°C (bacteria and yeasts) or 3
days at 25°C (Aspergillus) and the grown colonies were counted after the incubation
phase. The colonies were counted and the number of viable cells (colony forming units)
per g test product was calculated. The log reduction of the microorganisms in the product

was then calculated (see tables with results of Preservation Challenge Tests below).



Bacterial test organi sns and yeasts were cultivated on
Casei n Soyneal peptone agar and fungal test organi sns

womoSabsear aud 4% gl ucose agar for 18-24 hours BET/BS1004/027901

(bacteria), 48 hours at 25C (Candida) or 1 week at 25
C (Aspergillus). After incubggion, the bacterial and
yeasts were harvested by washing off the surface of
Tt @raager plates with 0.9% sodi um chloride. Aspergillus
~was harvested by washing off the agar plate surface
W ¢ Psthddicnarhdikinb A TEe d097 NEMBRRI AP A1frs
te u

suspension o t mcroorgani sns were di ed wth

0. SXJioUBLERLRIAIRATIY 6338, MR 108! NOTIRNO SR, C1p 4,83

suspensfons Wt ensity o col ohy formmng’units:

Per Cefidita Alaans C F6BAL NI 108LpRIORh L rieTe et ot

in ass jars jars with strew'cups from

Sch%sgérgﬁm- &m&’cqem@ﬁ@gmbw yff. g m of the

t est ani snT suspensi on. m ct oor gani'sns were

car ' i [ e _test. praoduct St r.ring

1 R eSSttt s SRt Ty o or s
antimiviohiilefverse The dolislviag Tabke? b-3Ghow thdfestiRd &f th&rTdtes

of 1 g material were taken imedi ately after

contam nation of the test prqgyels and 2 days, 7 days,

14 days and 28 days after contanmi nation. The sanpl es
were diluted in 0.9% sodiumchloride and 0.1 m

Presetyafive-chaflene-Test FPetid6rant-Emulsion

(TagVighridmszer) of tRepSRGEIs\ | C @REi M CEORIEinoYRS ¢ albicans
incorporated in the diluent used for preparation of
1O P13 @ePde tPlagdeiolit i ons and in the agar plates used for
FSRE Sfenseriemingfiont he t ot<al®® nunber <d% vi abl e< B8l | s. Flvel0E4
z(:vgjafsamcaﬁtQﬁnamre inc;mm ed gor <3¢ hours afpn35 C 16x 1054
[ yeasts)_ 3 days.,at 25 C pergillu
5?%%%&“81}%&%0%0I oni esfaé\ere counted afte<§ he ol
i REYDAEICHIPAASe. Ther €dl oni es<Wre count 8 and t4wel0E3
nunmber of viable cells (colony formng units) per g
t Y PR RO 11 %fsepoltlal cul at ed. The | og reduction of the
Mideys efef @asmirat® | N t he: pv oduct wa® t hen calogul at ed<(®ee
t | ‘esults g reservati,on Chal ] enge Test
b@%?ﬁ%gﬁé@‘f strai njs1:0(?Pseudo%:1)dr?as aer ug}%ﬁosa AT 0
dogeys Aricrimngiere; Cl P82, 118 SFaPhyl ococt®® aur eus 100

ARG £5381amNEHC 10788 100NCl MB 9518@; Cl P 4< 88 < 100
O/W PK03-260.01 (0.3%Axenohl)

2 days after contamination <100 <100 <100 < 100
7 days after contamination < 100 <100 < 100 < 100
14 days dfter contamination < 100 < 100 <100 < 100

28 days efter contamination < 100 < 100 <100 < 100

A. niger

1.8x 10E5

3.0x 10ES

2.8x 10E5
nd.

1.6 x 10E5

26x 10ES

1.2x 10E5
nd.

1.4 x 105

1.2x 10E5

1.0x 10E5
nd.



Candi da al bi cans ATCC 10231; NCPF 3179; |P 48.72

Aspergillus niger ATCC 16404; IM 149007; |P 1431.83
wRd0g04186i hydrogen citrate was tested in a varPeL/ysmh4/027901

fornmulations for its antimcrobial effects. The

foll owi ng Tables 1-3 show thg results of these tests:

Table 1 Preservative Chall enge Test / Deodorant

Emul si on Test organi sms Stap eus E coli Ps.

aerugi nosa C al bicans A ni gm PKD3- 260- 01

PreservativieCiallengd Test 1 HeodarantEmulsion

Wi 05 i e LA Pe s

ood-B201MRAbdey < 100 < 100 < 100 1 4 x 10E3 n d
P<BB aR60A@ina(d. 19Axenoley 2 deossioEd t er 10@mdEAM natdxdpEGS  2.0x 10E5

1Q8)s HPcofark@fbn < 100 QE@O 7 days aftLr contaps natigdf) &5 3.0x 1085
< 100 < 10 OE5 14 days after

1 < 10

c‘gﬁ?/%\?ﬁefﬁ%{‘fa{“&ﬂ?{'m 100 é %o 160 12‘52100 JOELESS galix 10E6 35 10ES
a8 tags atgoentaginitiont | on <1000 < 100 KE2100 €0x0@E7n d 1QXWES nd.
PMD3- 260- 01 (0. 3%Axenohl) 2 days after contam nati on

PHIFPE201 (O1GRxenohiD0 < 100 OE5 7 days after contam nation

< a3 BrercokEMhaon 100 <s53QQeOES 14y Oigys afts@hoez 40x 10E3  14x10E5
< 100 < 100 < 100 < 100 10E5

am nat i on
C72’%“’5 mcc??ﬁ?"é%'oﬁatl on <bo < 195 'F400 < <11(% n dl%"10E4 1.8 1083
Tapdvesty cpramisdiovat i ve <Chal | enge<T8st / Deod®r ant 1.1x 10E5 2.0x 10E5

Eoudy singRonkRRkioNr gani sieo St aph, <agreus E.. @@l i Psyox 1oes nd
aerugi nosa C. al bicans A niger PKD3362-01 (Placebo) 2

Gaysveadi (ERaReabiA Nation 2 0 10E4 10E5 1 O OE6 10E6 2
%agggﬁegcoggn{rﬁrggf geg %8%&1@5[] natJOX10E3 1007% }0E>2( 10§%X4'i0E43 1.8 x 10ES

7 days after contamination < 100 20x 10E2 < 100 24x 1023 2.4 x 10E5

N

14 days after contamination < 100 100 < 100 1.2x 10E3 24x10E5
28 days after contamination <100 < 100 < 100 20x 10E2 nd.
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Preservative Ehallel

14 days after contamnation < 100 1 0 X 10E2 1 10E6 1
3 x 10E6 3 5 10E5 2 days after contam nation < 100

days after contamination 5 0 10E2 4 0 x 10E2 3 0 10E2
4 0 10E3 OE5 7 days after cqgtam nation 100 2 Ox 10E2
< 100 3 4 x 10E4 OE5 14 days after contam nation < 100
< 100 < 100 1 10E5 2 O 10ES5 g,§ after contam nation
< 100 < 100 < 100 4 0 10E5 n-ﬂ—%s- 262-01 (0. 3%Ax

nohl) 2 days after contam nation 3 0 10E2 4 0 x 10E3 7

wd gmRo6861 10E7 1 10E6 n d PKD3-262-01 (0. 1%Axerohiii$2024/027901

geest] Shewer Gel

FRIUARRAAL | ON < 108aphOfdress 100 ElechOE3 2 £br3F35a28 cdabiSins
after contam nation < 100 < 100 < 100 2 0 10E2 n di16

TapdeeoB8PReebsler vat i ve Chal | enge Test / Shower CGel Test
oYyt siieginpuph, attelis? E. da1Xi'0%s. a®rugtsiosa L2x 1085
alahd @aadtaMination ger FBE280060- 03 .1(xRbEECEbO) pdgrebay s af txenes
@mmam% X 10E2 2,105 0y pnpgr eSSm% %351259%21054

days afrter contam nation < 100 1

ﬁPrd@@raEé%’"tsz“% 10E5 3% OE5 14"days af t"@paress

contam nation < 100 8 10E4 n progress 10E4 6 OE5 28
Baly Shaafpb €. 1%6Mehetili nation n d n d n progress n d n d
BRgVarnehdRAQA 0. 1% Axegohl ) 218@%@; af t erc gpnt am naggpon
< 100 1 10E4 < 100 < 100 2 O OE5 7 days after
EERTARFREITEA" < 100 £'%o0 < 100'% 100”3 V%E5 14 d4Ys
Hfdpwspteconerartionat i on <1000 < 10010« 100 16002 OE5 28100
bR aftf LoRtEmife@dAt @am natiy@n < 100« fp100 < 10@G < 100 o4
Body Sharrpoo (0. 3% Axenohl ) 2 days after contani nation

100 < 100 1 8 OE5 7 days after

B°“H?*é°r“ﬁ"‘r’15? PN 200 < 100 < 100 < 100 2 4 OES5

2 days after contamination < 100 6.0 x 10E3 < 100 <100
7 days after contamination < 100 <100 < 100 < 100
14 days after contamination < 100 <100 < 100 < 100
28 days after contamination <100 <100 < 100 <100

The invention may be more fully appreciated with reference to the following

illustrative and non-limiting examples. Other embodiments of the invention may be

practiced within the scope of the invention.

A. niger

2.4 x 10E5

3.6 x 10E5

3.6 x 10ES
nd.

2.0 x 10E5

3.0 x 10E5

3.2x 10E5
nd.

1.8x 10E5

2.4 x 10E5

24 x 10E5
nd.



14 days after contam nation < 100 < 100 < 100 < 100 2

4 OE5 28 days after contam nation < 100 100 < 100 <
wdowsn4ideiThe i nvention nmay be nore fully appr eRCEBUSH04/027901

with reference to the following illustrative and

non-1imting exanples. O herjsenbodi ments of the

invention may be practiced within the scope of the

WhatYENhihRQ id7 What is clainmed is: 1. A conposition
conprising anhydrous silver dihydrogen citrate and

\C/:\A'q; I6| %%tfiwgosﬁon {44 ﬁ’ﬁﬂé’ SR Qgﬁpﬁ%ﬁlﬁ}{ %eﬁfmt%t?htm ditric acid.

COﬂ"pOSI ronis SU st an

Mat er . h anh drou n_of caml
Xiher ei n et%’-e[‘ygro Poséﬁo w nSvY g%“ﬂ?aﬁ‘?%ﬁ’dfmés 5%
wat Gﬂibstaﬁaﬂalﬁﬁﬁe&ﬁh%feﬁus conposi tion of claiml1,
wherein the conposition is crystalline. 5. The
RNhy dronesarnh9aRRAS cbmPositdn & MM 1, WHRER IHE doBfposition contains less
conposition conprises a nolar excess of citric acid
ovethagiaboetr0.fotaletogen citrate. 6. The anhydrous
conposition of claim1, wherein the conposition
donpri ”Ehfsarﬁnb'dlloaammpos{itidm&blaiml awhexae g coinpoksition d@s crystalline.
acid over silver dihydrogen citrate. 7. A process of
Sraki ndTte abypoes tompositerpsf cdimgl , arhepsim it U ositiod @6mprises a
di h drogen C|trate and citric _acid, conprising the
st eHSO ?erxcfsé)o f gitigg acd ﬁtjeréﬂﬁrdiﬂkydé%g"iﬁltq%ﬁecorrpr| si ng
SI | ver d| hydrogen citrate, citric acid and water; (b)

% r eezi Ty anhydrous ermpesitian ofielaim I, ovherein thegpmposisioucpmprises at
and ) ut to formthe

nh;l/ gougs%gg#pos &%O‘f 1%1% \r'ecgéc'g‘s'% dégydc{?%?%ltfgpe
flvhereldg the citri.c ac S a | ar . excess of cit.
aci d dvEFO%rs éPa‘EW%&?‘BB%Sﬁ ‘%‘1 %W%mggan apfhxdnop & V§§ of
cl aidifydrogeh eftitdarit ERic(aeid, f:éi’ﬁ fh@@%b%ﬁs heat i ng
the frozen sol ution. 10. A ne of usi ng an
anhygdr ou
L %s?*.%?ﬂ&ﬁgﬁ?ﬁg%g TP aRbis el ciic acia
di hydr ogend wiater;at e

(b) freezing the stock solution to form a frozen solution; and

(©) freeze-drying the frozen solution to form the anhydrous composition.

o

The process of claim 7, wherein the citric acid is a molar excess of citric acid

over silver dihydrogen citrate.

9. The process of claim 7, wherein step (c) further comprises heating the frozen

solution.

10. A method of using an anhydrous silver dihydrogen citrate and citric acid
composition, comprising combining the anhydrous silver dihydrogen citrate
composition with an amount of aqueous diluent sufficient to produce a

reconstituted antimicrobially active silver dihydrogen citrate composition.

11. The method of claim 10, wherein the aqueous diluent is substantially pure

water.
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15

conposition wth an amount of aqueous dil uent
sufficient to produce a reconstituted antimcrobially
wa@edoswelssi | ver di hydrogen citrate conposition. PCT/Ukm®04/027901
met hod of claim, wherein the aqueous diluent is
substantially pure water. 18 {i§. The nethod of claim
10, wherein the aqueous diluent conprises water and at
12.east m@nﬁmasa@fcmmtlbewae@mh@ aRRbEd amnpémﬁf,&s% Qafer and at
and detergents. 13. A nethod of using an anhydrous
si | Jeast enepembereaf the gioup eorsingingiof picehels aud deengestst i on,
conprising conbi ning the anhydrous silver dihydrogen
1%i t r at 4 methpdef wsinganvirthydsus iler dﬁtydmgan oitmtaladdudtric dcal

produce an antinicraobiall ective SI di, hydr ogen
P ¢ go8 o fo b ingdomibintus s SRh G Sive e it tate
ef f Q@fnlpuﬁnam Wtﬁrsuﬁid"éfﬁ RQERAs Qilkdn@teprd@hdelanCtihcrBbially
substrate, wher ega/ an antimcrobial effect is

T

achicégetive silyer dif ﬁe@rh@aat@fso@nan,mnglappbmmthc antitisrobially
SUb ?fre@ts\% §1I§/e 1ﬁ9&1jggensé|iﬁ£t%%8]iuﬂ d 8&? gu S r%tlﬁﬁc\l?(ﬁergé%%} ei n

non-tood arti c
t he aatimiddolsinl éffeceisiaghiehe&l.i nt eri or of a pipe, a holding
tank, a swi mmng pool, a spa, a cooling systemor a

14:00l i NPhd @ébd of Blaind hg WRérbiadh®Substrate 19 d sliduefed, ra fhbarticle
antimcrobial effect is biocidal or biofilmcontrol

17. OTRBORHeetbartisle. cl ai m 13, wherein the antini crobi al

effect is food preservation.
15. The method of claim 14, wherein the solid surface is the interior of a pipe, a

holding tank, a swimming pool, a spa, a cooling system or a cooling tower.

16. The method of claim 13, wherein the antimicrobial effect is biocidal or biofilm

control,

17. The method of claim 13, wherein the antimicrobial effect is food preservation.



