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carbonates or bicarbonates, the most common of which is sodium
bicarbonate. Other agents have included sodium carbonate,

potassium carbonate and Ca;cium carbonate. However, these
20 gsubstances. have generally been found to be unacceptable when
present in amounts sufficient to provide a desirable level of
carbonation to .a beverage because upon release of carbon
dioxide by contact with an acid, the corresponding sodium,
potassium and calcium salts result in an undesirable brackish )
25 and/or metallic taste. {."‘f'
More particularly, sodium bicarbonate provides a mole
ratio of carbon dioxide to sodium ion of at most l1:1, whereas
sodium carbonate releases only one mole of carbon dioxide for
. every two moles of sodium ion. The use of sodium salts,
30 moreover, is not recommended for health reasons, for according
to medical literature excess sodium causes, ameong other
afflictions, hypertension. Potassium carbonate also yields
two moles of the potassium ion for each mole of carbon dioxide
released and again results in a salty taste.
35 Calcium carbonate too only provides a mole ratio of
l:1 of carbon dioxide to calcium ion upon release and while it
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process also requires phosgene. The use of phosgene, however,
produces products which may cause ﬁoxicological problems.
Consequently, these products'hre also unaesirable. _

20 " In non-food effervescent applications, while the
level of metallic salt content may not be of critical .
importance, a compound with only a 1l:l mole ratio of carbon
dioxide to metallic ion may be economically undesirable
because of the amount of such carbonating agént required to

kﬂ»f 25 achieve a particular carbonation effect. '

SUMMARY OF THE INVENTION

The present invention substantially avoids the dis-

30 _advantages_discuésed above and'prqvidés a method for preparing

and isolating a dry;'stable carboﬁating agent complex one mole

of which contains at least one to two moles of carboh dioxide

which is readily released upon contact with water.

' Without wishing to be bound by theory, it is believed

35 that the general formula of the complexes'prepared by the

processes of the preéent invention is: |
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m xture. For preparing the conpl exes, a carbohydrate solution of up to 60%
by wei ght may theoretically be used, but such a 30 concentrated sol ution-t+s
very viscous and difDEwHILEDODBEGRgBTIDKteF B QESIENTITION car bon di oxi de
content of a conplex pro- duced using such a high carbohydrate content is
generally low. Accordingly, preferred concentrations for the aqueous
carbBhy- drate s@enerahlyiethp carbshyfyakeisghhicin@ns efpplkidable cim

the present invention include mono-, di-, and polysaccharides

and polyols. These include but are not limited to pentoses,
hexoses, and so,bn of the mohosaccharides such as glucose,
dextrose, mannose, fructose, galactose, talose, gulose,

20 ribose, arabinose, lyxose, xylose, etc. Disaccharides such as
maltose, cellobiose, lactose, sucrose, etc. are also
applicable. Dextrin, glycogen, starch, cellulose, polydex-
trose, raffinose, etc. are typical of the.polysaccharides
which are applicable. The polyols include sorbitol, glycerol,

25 mannitol, D-xylitol, dulcitol and the like. One or more of
these carbohydrates may be used in combination in the reaction
mixture. _ '

. For preparing the complexes, a carbohydrate solution
of up to 60% by weight méy theoretically be used, but such a

30 concentrated solution is very viscous and difficult to manipu-
late. Moreover, the ;atbon dioxide content of a complex pro-
duced using such a high carbohydrate content is generally low.
Accordingly, préferred concentrations for the aqueous carbohy-
drate solution are ﬁp to 45% by weight, and preferably from

35 about 2 to 35% by weight, depending upon the particular carbo-
hydrate béing employéd and the extent of its agqueous solubil-
ity. When the carbohydrate concentration is low for a
specific carbohydrate, the general tendency of the complex
produced is to have a high . mole ratio of carbon dioxide to



35 about 2 to 35% by weight, depending upon the particular carbo- hydrate
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Z Any one or more of these hydroxides or oxides may be used
simultaneously.
- In one method for preparing the carbonating agent
complex of the present invention, an aqueous carbohydrate
20 solution as described above is first prepared and a metal
hydroxide or oxide is then added to the solution while
stir:ing until the pd of the solution is in the range of from
abqut 9 to 12. The reaction temperature is maintained at less
. than 25°C, perferably in the range of from about -5° to 10°C
&“yj 25 and most preferably about -2° to 4°C. A carbohydrate/metal
hydroxide adduct is thus formed in solution. _
_ Carbon dioxide, preferably in gaseous form, is then
introduced into the reaction medium until the pH drops to a
value of from about 7 to 10 thereby forming a portion of the
30 carbohydrate/metal bicarbonate complek and carbonate precipi-
- tates. Another portion of the hydroxide and/or oxide is then
added to the reaction medium to again raise the pH to the _
above noted range of about 9 to 12 and form additional adduct
and carbonate precipitate. Carbon dioxide is then once again
35 introduced to lower the pH to the range of 7 to 10 and form
still more complex. This procedure is repeated until at least
from about 0.25 to 3 times the original amount, on a molar
basis, of metal hydroxide or oxide to cérbohydrate have been
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freeze the filtered reaction solution followed by freeze
drying. Preferably, the solution containing the complex is
frozen to below its eutectic temperature at which point the
water activity of the complex approaches zero. Generally, the
solution is frozen to a temperature in the range of about -10°
to -40°C by means well known to those skilled in the art. The
frozen material is then freeze dried in any-conventional
manner. Generally, the platen temperature of the freeze dryer

is in the range of about 10° to 40°C and at a pressure of

25

30

35

about 30 to 100 m bars. The freeze drying is continued to
form the isolated, dry and stable carbonating agent complex of
the present invention having a moisture content of about 3 to
10% by weight. For convenience, this first method for
preparing the carbonating complex will be referred to
hereinafter as the "pH control" method. ' _

The carbonate precipitate removed during the filtra-
tion step may be heated, if desired, to form the oxide thereof
which may then be recycled for further use.

In an alternative method of the present invention,
the carbonating agent complex is prepared by employing a mole
ratio of carbohydrate to metal hydroxide or oxide in an amount
of from about 1:0.25 to 1:3 with the ratio of 1:0.5 to 1l:1

err] by
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Cenerally, this reqwres that the_reaction nmedium be saturated with the
about to 11 and preferably to about 9 to 10. Generally,

this requires that the reactlon medium be saturated with the
- ‘carbon dioxide.
Once the complex has been formed, it is isolated from
20 the reaction medium by drying in a manner similar to that de-
scribed above. As in the former embodiment, the further pro-
cessing steps should be performed expeditibusly to prevent
product degradation. Isolation by freezing and then freeze
drying is still the preferred means for obtaining the dry,
&“y/ 25 stable carbonatlng agent complex. Fof'conveniencé, this
alternative method for preparing the carbonatlng complex will
be referred to hereinafter as the "stoichiometric" method.
Both.of the above embodiments may be carried out by
either batch or continuous processing systemé. Jacketed feed
30 tanks and pumps may be employed to feed the reactants to pres-
. surized jacketed reaction vessels equipped with agitation
means. Recirculation linés'may also be employed to ensure
completeness of reaction. A sparger assembly may also be con-
nected to the recirculation line for addition of carbon
35 dioxide which may be pressurized by means of a back pressure
control valve. After the complex haé been formed, it may be
passed through a jacketed filﬁer which may include means for
'washing any precipitate removed from the filtrate. '
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coni?ined within the product. Mreover, for any specific conbination of a
parttcul ar carbo- 10 hydrate and a netal hydrOX|dé or oxide, one or nore
different carbonating{carpbryésata)_be {#(Hed.dadh «of ﬂch however, have
the desired characteristics of belna a dry, stable car
where "a" is 1 or 2; "b" is 1, 2or 3; and "c¢" is 3, 4, or 5; and
M is a metallic cation. The formation of more than one
20 specific complex is particularly prevalent where more. than one
carbohydrate and/or metal hydroxide or oxide is employed.
Thus, the carbonating agent of the present invention may
comprise, in addition to impurities, a mixture of individual
complexes, each individual complex contained therein having
25 effervescent gqualities.
' In general, applicants have found that the pH control
method for preparing the carbonating agents produces a purer
. product than that obtained by the stoichiometric method. For
example, essentially pﬁre sucrose/calcium bicarbonate having
30 the formula:

[Cy58350),1; @ [CalHCOy) 1 o [H,015 4

can be obtained using the pH éontrol method.

35 Applicants have determined that the mole ratio of
carbon dioxide to metallic cation obtained for a given
reaction product is indicative of its purity. In the case of
a calcium complex, for example, a pure calcium bicarbonate



nati ng agent and, in addition, are believed to have the ge | formula: 15
[err] where "a" is 1 or 2; "b" is’1l, 2 or 3; and "c" is 3, EE;Por 5; and M
is a netallisc cation. The formati on of nore than one 20 specific conptex is
partlcul arly preval ent where nore than onegear bohydrate and/ or netal

h d h AY 2f
ydf oxi de o, n?%igz? i%egﬁ‘%c‘?ggg %E EﬁFOLIQ‘Sd%r A ”Q:oa%%"'e cﬂ hée €5t

i nventi on %é urities, a matu | vi dual
conpl exes, che Qnd|V|duaI conpl ex contained t herein havi ng 25 effervescent
qualities. In general, applicants have found that the pH control method for
preparing the carbonatlng agents produces+a purer oduct_than t hat

obt ai ned by the stoichi onﬁ?? geghod. RE -e-)ea-ﬁﬁlae*.@r edsertiA | y* pudePy

sucr osepcal ci um bi car bonat'e having 30 the fornula [err] can be obtai ned
using the gr con ants have det rntned that

#{ol ne%hod. 35 . o AQ

the nol e rdtig"dtiearBBhdF8%FEe™RY ARAACATS ST H R DEYIve Pt

reacti on prosliciumsbicarbahate/ 0 compllieixt yvand/ort a ledaen cdaﬂ:m&ltce ueom—
I {

coml e g O o £y LR BB At ek

nol e ratio mycmml carbonhtepr eTbrc pugi ty m&tmrpanﬁlmeuaw eomplex is

bi car bonat € éég%ﬁﬁﬁﬁ{?”ﬁkgﬁ Eﬁgl Rb £ GREC LEMeRR RAAUG o SHe ﬁ_ﬁéﬂ?&ti@ﬁ

cal cium sal t e ca rate or even cal cium car purity of a
“particular %%@p%é?lﬁ§199 GGﬁBﬁGénPsﬁﬂoﬁQJﬂ§QEﬂHﬁ%§hﬁ QQRP#%%ct%Fﬁsth?he
_preparationconditions employed.

N Generally, the carbonating egent complexes prepared
by the present invention are able to release appreoximately 40
15 to 100 ml of carbon dioxide for each gram of complex. It has
been found that, when all else is kept constant, the pH and
temperature of the reaction play a role in the attributes of
the final product. Generally, the higher the pH at which the
- reaction is carried out, the smaller the mole ratio of carbon
20 gioxide to metallic cation in the complex, although more
carbon dioxide may be available for release per gram of
product. This. is believed to be due to the formation of the
carbonate complex which is more favorable at a highe; pPH.
_ Even more importantly, however, is the pH value at the end of
&n;/ 25 the reaction. Generally, the final pH of the reaction should
be in the range of from about 7 to 1ll. Preferably, the final
reaction pH is in the range of from 9 to 10 which is the most
optimum for obtaining the bicarbonéte complex. At lower pH
values, there is generally less carbon dioxide content in the
30 product and the product is somewhat less stable. At higher pH
values, there is a higher carbon dioxide content but the mole
ratio of carbon dioxide to metal cation decreases and
approaches 1.0.
Generally, the dry, stable carbonating complexes
35 prepared by the present invention are very fine, white powders
although the color may vary from a pale yellow to light brown
if particular polysaccharides are used.



and isol ation nethods used to prepare the conplex, and the conditions
enpl oye Ceneral ly, the carbonating agent conpl exes prepared by the _
pr esent vention are able to rel ease approximtely 40 15 to 100 m of ’
carbon di oxi de for each gram of conpley.- It has been found that, when-all

el se is kept congtant, .the pH and te rature of the reactio I a rol ¢
in the attribute eBF“Fﬁéng%QP é%ﬁhﬁgg%Q§¥ﬁﬁ%ﬁ?9§)t HW@E%? Bﬁgxﬁﬁ‘at %éf
whi ch tbée(sictised,i theamelednguipoimte cshretiteerpd el el £r r @atbondtdagbon 20
di oxi de alli¢c catd gn.in th I hough nore_carbop, di oxi de may
be avai ?é@?gg oyk?'gl'eg?e%%élfggr'a%ag&%ro uc@é'l'hﬁ' i%uf)’eT‘Ye\olgngS be due to
t he foreempdaxowilheadschbaffiestcdnd @melthingh peimprebtaimedbl eGanea~hi gher
pH. sEve re,j I 0 £ . £ he 0f,.25 the
reacti oﬁ%ﬂpéeﬁgggﬁfzi?%%héa# ngslcé\ég{—I fﬁ%%%%;p%#ﬁ%%ﬁ’% B‘gﬂgﬁ %ﬁé range
of fronvagBufromia 1ew pfepdomt 43k %9 mlhighuf PPt 3727Cr heSe&nge of

from9 ggrifl whi ehvhe AN®eTRN 1aPtH MuEd Qs Qbé?i&h@%é%%b&&%&%éhﬁ
conpl ex. (At | ower gH values, there is %ﬁgerall | ess carbon ¢i Oxi de content
in the BYeFPBIRELPANES: RY 5?6H&EFW9§%5 VR Present ohPpEenBioRr ghluepH
val ues, tbhene iaszabiighiesy oF hedd Qo) & el Watet heappl €cgatiso Of
cargen gioxide t§ net a lcation decre and qg roagches 1.0. Cenerally, the
dry, st BFE BYFLESER A @bﬁ&(ﬁﬂﬁ?%ﬁgﬁﬁ R g&t epf%?% t°Privention are
very fipepdubtse panderdizmgllyudihd rmamples belowawerér bestedahs sl low to
light b LL.p [ le s QY ' e 9. pendi ng upon
t he carégﬁcglre%'?e?{s’gt ?ﬁa r%'tgil %%ﬁ%?‘fé %%%g%:é%et hlén%?%laﬁgipoi nt of Npg
parti curempderssnat Thg seitlisg waintsfthenefere vmay beothose ifieapurity of
the POWBh§¥u¥h|bfaE%&P¥H¥a§ dB v tEln PRA 4+ DR a8 dspbeieis S ally,
appli.cants have been found that the nelthglEOInt can
15 reactants in the manner noted. Furthermore, the complexes do

not exhibit a sharply defined melting point. Even with

sucrose/calcium bicarbonate which is prepared in essentially

pure form using the pH control method, the melting process

appears to involve several steps. Its structure collapses at

20 about 70°C; co, gas is released at about 100°C; the material
turns brown at about 170°C; and finally liquefies at about
200°C. It is this latter liquefaction temperature which has

been recorded below for all of the respective samples.

25 | | N
30

35



vary,froma | ow of about [err] to a high of about [err] Set forth in Table
A belowis a list of various carbonating com plexes prepa by the -

met hods of t.he present invention. Due to the instability hese conpl exes
in water, applicants 10 have not been ablkeggto successfully purify the
reattion. products. Accordingly, the sagR|gg 86|OM/MBF€ tested as is and
mehﬁfnot purified so as to isolate pure; +AH dual conpl exes. The nelting
points therefore may be those of a m xture of conpl exes derived from

reacting the specific 15 reactants in r noted. K ;
conpl exes do not exhibit a sharply dep%ggggﬁgﬁfing pointﬁ%gﬁgﬁqgﬁi??é(wt)
sucrose/'cal ci uns&@nphebonat e which i sPyeppaR&donn essenti 3 S
usi ng tige pki :qethod, the pml L ocess appears tgginvol ¥ sexLer pl
steps. | tg&%s%‘?g%%g?ég%gl | apses a?RZEbggg&{I [err]; CO2 gascaidsl rel easegﬂat d
about [err]bomﬂéeﬁﬁﬂérpﬁﬁ turns brown at about [err]; and finally liquefies
at about 200C. It is this latter |iggebichidmdtairer ature which has been
recorded below for all of the respective sanpl St %F 30 35 TABLE A
2%“? )2 m

Met hod of Mel ti ng Poi nt LBE¥CEPPeSa Preparati on
n =+#of Trials 5 Calcium bicar- ratipHaofnt r ol _ - 201 -
170,55 Ho Donat el s thed) o5 RS LDl The £12 f

244 + 4 (n=6) 15 | .

o 1:0.5 230 + 3 (n=3)
A
1:0.75 244 + 4 (n=6)
15 ' |
1:1.0 227 + 5 (n=6)
Magnesium bicar- pH control - 215 + 2 (n=3)
bonate/sucrose
20
Calcium bicar- - pH control 148 # 4 (n=6)
bonate/dextrose
Calcium bicar- stoichiometric - - 164 + 6 (n=3)
KQM/ 25 ° bponate/fructose [ fructose: Ca(OH),l
= 1:0.75
Calcium bicar- stoichiometric 202 + 1 (n=3)
bonate/lactose . [lactose: Ca(OH)2]m '
30 ' = 1:0.5
Calcium bicar- _ stoichiometric
) bonate/maltose [(maltose: ca(oH),]1
ratio of:
35 1:0.5 146 + 1 (n=4)

1:0.75 143 + 3 (n=3)



1:1.0 ) 227 + 5
215 + 2 (n=3) bonate/sucro
148 + 4 (n=6) bonate/dextr

164 + 6 =3) 25 bonat e/
Cal ciu car -
bonat e/ t ose [lacto

1:0.5 Cal ci um bi car -
[mal tose: -[err] ] ratio of

146 + 1 (nzhnohd- 75
Met hod of Sangtd Mel tin

(n=6) Magnesi um bi car - pH contro
se 20 Cal ci um bi car- | pH contro
ose Cal ci um bi car - stoi chionetri
fruct ose: ~ [fructose: [err] ] = 1:.0.75"
st ArABLB et (Centinued) 202 + 1 (n=3)
se: [err|] 30
stoi chionetric bonate/ nmaltose
: 35 Method of Melting Poin@(3C)

TARLE & b¥ontnyed)

rreparat |

. =3
g Poi Pﬁ%i"%éléﬁe )

c

on

n = # &alpdum Pigamzy| ci um bi carstoichiometricst oi chi okBfri-c272 (n=6) 159 -

272 (n=6)p it RNV -
[err]= 1:1 Cal cium'bicar -
(n=9) 10 9exyF@s@’e/ Mal trin
di saccharides: [err] 1:1
219 + 1 (n=3 , bonat e
= 1:1_ikﬁiﬁ%ﬁ%éiPﬁﬁEﬁ'obtai
i s ¥ Regitsdrextas)/ Marlatdkei rivar k
DE36 **

Calcium bicar-

[pdPphydextsose: dextrose”

stolchionetric
¢2 RB) 5 hanB- L akd DE36**
Cal ci um bi car - stoi chionetric

ned 1rShe bReLenetEie e Vor k87N, 185" Trem

. [total mono- and

167 - 19

disaccharides:
ca(OH)ZJm = 1:1

stoichiometric 219 + 1 (n=3)

15 bonate/corn syrup [dextrose + maltose
content:
Ca(OH)ZJm = 1:1
* Polydextrose obtained from Pfizer Inc. New York, NY.
20 *x Maltrin is a Registered Trade Mark.

Bulk density measurements of a number of the
complexes prepared by the present invention are set forth
below in Table B. As with the melting point data in Table A,
the samples were tested "as is" and may include impurities

25 which were not able to be removed. The data was obtained by
measuring volume displacement using mineral oil as a medium.
TABLE B
30 Method of Density (g/ml)
Sample Preparation n = # of Trials
Calcium bicar- pH control 1.66 + 0.27 (n=7)
_ bonate/sucrose
stoichiometric
35 [sucrose: Ca(oH),]
ratio of:
1:0.25 1.37 + 0.02 (n=3)

5

err]]
[trin



Bul k. density measurenments of a nunber of the conpl exes prepared b e
present invention are set forth belowin Table B. As with the melt poi nt
data in Tabl.e A, the sanples were tested "as is" and may include inpurities
25 which were not able to be renoved. Thel#ata was obtai ned by neas#t.ing
vol.ume di spl acenent using mineral MidLESS a( &t inued ABLE B 30

Nbﬁhpd of Density (g7rm ) Samnple Prepar ati on
n =# of Trials Calcium bicar- pH control ' 1.66 + 0.27
(n=7) bonate/ sucrose stoichionetri Mé&thod of pPensiaye:( g/an)]
] ratio of: 1:0, 1.37,+ =3) -12- TABLE,B_ - m.;
( Cont i nued) Vbt BaRRke EEsé%£§$£§5(g/n1) Sanp| =% of Trials
Pr epar a3 on n==#of Trialk:®.5 | 1.54 + 0.01 (n=3)
1:0.5 "~ 1.54 + 0.01 (n=3) 1:0.75 1.53 + 0.07 (n=6)
1:1.0 : 1.46 + 0.12 (n=6) 10 Cal ci um bi car -
st oi chionetric bonate/dextrose [dextrbs@:{®rr] ] = 1:0.%553 * 0.07 (npégg
+-:0.03 (n=3) 15 Calcium bicar- stoi chiometric bonate/fructose
[fructose: -[err] ] = 1:0.75 1.48 + 0.06 (n=3) |ciu i.car -
stoi chionetric 20 bonat e/ nal t ose Ehﬁfgose:- [err] ] lggf: & 515112 a(n__s)
1.70 + A7 (n=3) Cal ci um bi car - stoichionetric
Calqium bicar- stoichiometric
bonate/dextrose fdextrose:_Ca(OH)zjm
U | " = 1:0.75 1.88 + 0.03 (n=3)
15 Qaicium bicar- . stoichiometric

_ bonate/fructose [fructose: Ca(OH),]

= 1:0.75 1.48 * 0.06 (n=3)
- Calcium bicar- stoichiometric
20  bonate/maltose [maltose: Ca(OH)zlm _
= 1:0.75 1.70 + 0.07 (n=3)
Calcium bicar- | stoichiometric
bonate/lactose [lactose: Ca(OH)2]m _
.- 25 | = 1:0.75 1.73 + 0.07 (n=3)
xvm/ ' ' _ -
Calcium bicar- pH control _ ~ 1.32 + 0.08 (n=3)
bonate/poly-
dextrose®* _ N
30 _ stoichiometric
[polydextrose: _ _
Ca(OH)zlm = 1:0.75 1.68 + 0.01 (n=3)
) Calcium bicar- stoichiometric
35 bonate/malto- [total mono- and 1.39 + 0.06 (n=3)
dextrin disaccharides content:

Ca(OH),] = 1:0.75

*polydextrose obtained from Pfizer Inc., New York, NY.



bonate/lactose [lactose: Ca(OH2 m 25 . =

1:0.75 L 1.73 + 0.07 (n=3) Calcium bicar- pH contro

1.32 + @08 (n=3) bonate/poly- dextrose* 30

st oi chi tric [polydextrose: [err] =43.0.75 1.68 + 0.01 (n= 3) CaIC|um
bi car - stoichionetric 35 bonat e/ mal t o- [total nono- and D
1.39 + 0.06 (n=3Ah@YcQPPPHexes may be sgoredciayr dfeidorhight  [err] | = &

1: 0. I75 iﬁ%ﬂtﬁlﬁﬁifﬁéé egwraﬁﬁlehtoatPtammrentmemﬂmf NI £0W.at 1edst The
conpl e may,.be stored_in_an_a i sture-free enyironnent
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car bonat e. ?&‘Qi utf'l?lg kﬂ&yé?ﬁg%e%\%ﬂl corrposé%he& qﬁ] a% e further carbon
di oxi decaxbonate. | nIant’dlSPdl &henvﬁurb@mme widd Giﬂqﬂ@@sﬁ ofo tgeneratent

| nventi oy DEaB6H al0k2@E 2RPILCAL ARS A3 & IO UL Ahengar rier for
a dry mx of 10 carbonat ed and isotonic drinks, as a whi pping agent to

prepare, for exahpfeSORRLENEE Cfeihe ﬁeé%rﬁWg”é'g‘&ﬂ R PRsLFAd hoh
cocoa nfcodragppprations as ascarborpdivxidedichrirdifovea doy mikrnpEe,

h bi Th b I
ol o b SRR 694 1BRY  bBHCI8 Ao LEkEy OAE A WAHELAE o5 b i um comp! ex

al t houggrepareui fabl exampléooﬂhappbévm.amd meﬁoamsr;g neyefte sged as a
means f | [ | g..a fapar, f ay
appl i caét)gl oihrggfl?%éfg%csg {,}&‘Q grrbgggp cq'aogndféo@rrépl%;aeﬂpﬁp%ﬁyg %%%eﬁ%

i nvent i BPPFRNE befOE cBXARPARY §b9|ﬂé§per51b111ty of cocoa powder.

carbonating agent complexes may also be used for non-food

15 applications as well. Thus, a barium complex although not
suitable for food or beverage applications, may be used as a
means for ingesting suitable amounts of barium into the body
for x-ray application. 1In fact, the carbonating agent
complexes of the present invention may be used in any applica-

20 tjon in which the release of carbon dioxide is desirable upon

the addition of water. Depending upon the particular

application, the amount of complex added to a dry component
system may vary from 10 to 85% by weight to provide a specific
carbonation or effervescent effect. Of course, inasmuch as a }

25 major constituent of the carbonating agent of the present g

invention is a carbohydrate such as sucrose, the sugar content

of ‘the remaining ingredients for a particular application

should be reduced accordingly.

Having described the basic concepts of this

30 jinvention, the following Examples are set forth to illustrate
the same. They are not, however, to be construed as limiting
‘the invention in any manner. The gas volumes are expressed in

terms of ml/min measured at standard temperature and pressure.

35



20 tion i'n which the rel ease of carbon dioxide is desirable upon the

addi tion of water. Depending upon-the particular application, the unt  of
cqnpl ex added to a dry conponent system rrf%;_evary from 10 to 85% b Shght
t.o provi.de a specific carbonation or effetrvescent effect. O course, ¥

i nasmuch as a 25 mmjor constituent of gxMpreg bpnating agent of the present
inv@ntron is a carbohydrate such as sUCrose, tne sugar content of the

remai ning ingredients for a particular application should be reduced
accordi ngly. Havi ng ld@scy idiedsudmodm e czﬂtb@trso 0300 hg soB0wa be¥enah@nthé he
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and pressurg 13 2. Ghyeduw®Midpdn Wb §é"c{ A feddgleds t P2 80058 Of

wat er and the soyutron s, cooled to [err]. I ci'um hydroxide I's added to 5 -

the sol uti df9 PlFEn YWkl dhe i H-%go’dd"%ﬁ‘? r¥a® Uit i | Cakelivpy hydroxide
Gaseous carzrsoruwromqian 2dd¥d abioadisd the P8 ©6 VHPD2 dAdi Carbbh! aiHLias

is lowered to m hydroxj de i s then ai n_adde ise the pHto

10. 2 and carhd ?ﬂd}%&f et%earﬁ:‘rﬁ rtcﬁldc%vée%\g%?"n ) ?%\r\gr the%bhsto 9. 0.

This 1018r goerhedaires Jrsammemmd*-ﬂﬁ 25 of afil calwd iy dipdroeidecapdded and

the nole rat f Ci Y. ' ' L. 5._The.final pH_of

t he reacti %é%eddraﬁ%%% ﬂ%le&{%){laém%%% i%% %T#r%“f-“ g’é ﬁ?ﬁf] 8s*®The

react i on madiluh.i s Theerfinal odlisity Waethien IBedium 4i1s {9} @ eangaphe
‘H{g [erdoeAl @afddildil &5 e_(@tig %ﬁﬂ{u%%r] using a [err] blanket.

nis a Registered Trade trate is then frozen to
[err] using a dry i.d&e aRﬁ?cW‘bdﬁﬁ’d-ﬁ%i kg ofhen  Hilueredirashrg [ WhatmanThe

productl3 No, 41 filter paper (20- 25/;m) at a filter temperature of 0°C
" using a CO2 blanket. Whatman is a Registered Trade Mark.
The filtrate 1is ‘then frozen to -20°C using a dry ice/
acetone bath and stored for 4 hours at -40°C. The product
_ is then freeze-dried at a vnlaten temperature of 15°C at a
20 pressure of 100 m bars for 36 hours to a moisture content of
7.1% by weight using a Model 50-SRC Virtis freeze dryer.
One gram of the complex contains 41.0 mg calcium ion
and 45.5 ml carbon dioxide corresponding to a mole ratio of
carbon dioxide to calcium ion of 1.8. The melting point of
25_this complex is 200° + 1°C. }
The carbonating agent complex of this Example has a
' hlgh mole ratio of carbon dioxide to calcium ion and a high
level of carbon dioxide release. It may be used as a foaming
agent, for example, in instant coffee.
30

EXAMPLE II1

A 40% by weight sucrose soluﬁion_is reacted with.
calcium hydroxide and carbon dioxide in the same manner as set
.35 forth in Example I. The final mole ratlo of sucrose to
~calcium hydroxide is 1: 0.87. The temperature of the reaction
is maintained at 0°C and carbon dioxide is added at a.rate of
725 ml/min. The pH of the reaction is alternately varied in



is then freeze-dried at a platen tenperature of [err] at a 20-pressure of
100 mbars for 36 hours to a noisture content of 7.1% by weight using a
Model SRC Virtis freeze dryer. One gram of the conplex contains 41.0 ngs
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15 resulting product.

EXAMPLE III

100 g of sucrose are added to 233 g of water and the

20 aqueous solution is cooled to a temperature of 4°C. 5.6 g of
calcium hydroxide are added to form a sucrose/calcium
hydroxide adduct corresponding to a mole ratio of sucrose to
calcium hydroxide of 1:0.25. Gaseous carbon dioxide is then
bubbled through the adduct solution at a rate of 700 ml/min .

25 until the pH drops from an initial value of 12.1 to a value of ./
9.4. The total time of the reaction is 20 minutes. The
reaction medium is then quick frozen by means of dry ice and
freeze-dried in a manner similar to that set forth in Example
I. '

30 . The dry, stable product has a moisture content of
7.2% by weight and contains per gram 26.4 mg calcium ion and
24.9 ml carbon dioxide corresponding to a mole ratio of carbon
dioxide to calcium ion of 1.7. The complex has a melting
point of 215° + 2.1°C.

35 As compared to the previous Examples, a lesser amount
of calcium hydroxide is employed in making the complex of this
Example. This results in a lower carbon dioxide content. The
product texture is comparatively more fluffy and less stable.



15 resul'ting product. EXAMPLE 111 100 g of sucrose are added to 233 g of

wat er and the 20 aqueous solution‘is cooled to a tenperature of [err],_ . 5.6
g ;of cal ci um hydroxi de are added to form a sucrose/cal ci um hy i de raglduct
correspending to a nole ratio of sucrose=tié-cal ci um hydr oxi de 1: 0. 25.

Gaseous carbon dioxide is then bubbl egﬁép‘égﬁgg"t he adduct solution at a

ratiegof 700 m/min 25 until the pH dr initial value of 12.1 to a
value of 9.4. The total time of the reaction is 20 mnutes. The reaction

mediumis then quic - 0§ o0f od @€ famaeze: drd ed 4
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product hasSY¥EFRFSt $PLULIARAR Bf MPLl2oX Bl iRe PEhBUSKSSEOFCAIGRL ™ gr am 26. 4
Ny Eal cgymﬁ;am.—?ﬂﬂda%_? m;carbfenidi?;eia' %@a&q&-blea@Edimg tcalzagdml@ic_s;a%agfpé
car bon di oxj de calciumion o 7. e.cqQ X .has .a ne ng pPoi o)
Cor ey as ~ditraduday *Lafh P FBCFHéeEFE\}F&[‘}B‘ droride addusth rsel i en of
cal c: um hydgxa deaté egpmgemyigiﬁahhnglt Imeﬁcymld&éopﬁ fidons axaiwieialhi s
results in a Jower.c n, di @xide nt ent ... The .prqduct .textyre, i.s _

conpar at i ve‘f?i‘ﬁ%r%ff?%fgytang-'lﬁéss Bagreduct _1518:?1_enE % R% ci um
hydr oxi de ifreezibogtand. $8eebe~-deyihy dqgudhes meunress sedol figntdn im Example
rati o ofLoSugr os o) (of! i.d L1 HPEd r f

[err]. Carbon %?%x?géhigfr%??Qgé@ggékngga%ﬁén§ugfggg égIC|u&?%§d§%§i%@F
adduct sol IB34oh Bt @arhee dioxidencrrrRspendinghdhid VR Taole f i prrPar

val ue of 123604938 bo dhEcRhmdith bE 1heN | TWeainRd tihg gﬁzwgaﬁn@his
freeze-drying in the manper set forth in Exanple 10 I. e gramof the
COMX cortePREe¥918 fg7catcfath Fon and 84.7 m carbon di oxi de
corresponding to a nole ratio of carbon

15 EXAMPLE V

In this Example, the method set forth in Example I is
repeated under various processing conditions. The results are
set forth in Table I below:

20
TABLE I
SAMPLE #
: (1)  (2) . (3) (4) (5) (6)
Lm;/ 25 Reactants:
Sucrose wt{g) 100 100 135 100 100 400
Water (g) 1000 400 385 300 300 600
ca(oH), (g) 43 50 50 55 25 100
COz (ml/min) 700 700 600 600 700 725
30
Reaction: .
Temp (°C) . O -1 0 . 0 1.2 -2
_ | to 2 to 4 to 4 to 4 to 4.9 to 1l
35 pH range 7.6 to 8.0 to 8.1 to 8.9 to 9.0 to 7.8 to

11.2 11.7 "9.7 10.2 10.2 - 9.5



di oxide to calciumion of 1.8. The nelting point of this conplex is 227 #+

[err] 15 EXAMPLE.V In this Exanple, the nethod
set farfth in Exanple | is repeated under various processing conditions. The
resul@are set-forth in Table | bel ow1720 TABLE | SAMPLE # (1) (2)

(3) (4) (5) (6) 25 Reacta Sucrose w(g) 100 100 . ;
135 100 100 400 VERE: ?C°n 1njedy 400 385 360
300 600 [err] (9Q) 43 50 50 55 25 100

[err] (m/mn) 700 700 . 600 700 725 30
Reaction: Tenp ([err]) 0 gg%EEE_i, 0 0 1.2 -2 to

2 to 4 to 4 to(l#) to(2)9 to{(B)35 (dM)ange (5) 7.6610 8.0

to 5.1t { 11.24 1ell.7q & 9.7 10. 2, - 10.2
0550 ' Brgadle D %bﬁtlnueg) SANPLE #5(1) 9:5 (5 20 (577 (4
(5) (6) 5 "pH flnal 7.15 9.5

7.7 Totahréigg (mn) : 70 133 28 65 10
| sol ati on: nP of fllter ([errk% 23 0 *0 0 0
. 23 Tenp d?1W? PhR L 70 133 28 65
10 1Isolation:
Temp of
filter (°C) 23 0 *0 0 o 23 o
rem : o/
p of
filtrate
15 receiver (°C) =20 -20 =20 =20 =20 ~20
Freeze~-drying:
Time stored at
-40°C (hr) 4 4 4 4 4 4
20 **pry Temp (°C) 15 15 15 15 15 15
Dry Time (hrs) 36 36 36 36 - 36 36
Product:
Moisture (%wt) 9.5 6.2 5.0 - 8.7 7.1 3.3 .
22+ T
25 (mg/g) 24.4 41.9 41.9 45.7 41.0 25.9
co2 (ml/g) 27.7 41.8 48.6 47.4 45.5 24.8
(C02/Ca m 1.8 1.6 1.9 1.7 1.8 1.5

30 * A co, blanket is used by adding a thin layer of dry ice
powder which floats on top of the solution in the filter.
The filtrate is quickly frozen on dry ice contained within
the collecting flask while the flask is immersed in a dry
ice/acetone bath.

35

** pPlaten temperature.



15 .receiver ({err]) -20 -20 -20 -20 -20 -20

Freeze-drying: Tinme stored at [err] (hr) 4 4 4 égzz 4
4, - 4 20 **Dry Tenp ([err]) 15 -18-15 15 15 -
15 Dry Tinme (hrs) 36- 36 36 36 36 36 Product :

Moisture (%) 9.5 The Ekahples n (this t&bTe demdndtrate €h8t2Bhe [err]

(mohg) %@%m%ﬂgﬁal Ate fidhs 18%R reddefohohikebth gbe o 27,7

1.7 1 spicrose/calcdom system oy ]lrblfd?ﬁ(elfaql%e WBEJEpgmadiPHy ASt hpn35%

layer of drgy i qvderoudl ide fdPatpidNed Afe Of cd PSoRAt Yhy OBompBLERESS Alkker .
The filtrate js qU|cH€%grozen 0 d I ce contained within the collecting

flask whi | et fRERRA iBHe e mevRat | tRYSE ctBpeCPRERNT S5 ** Pl aten
t enper at ur e. TheﬂﬁﬁﬁﬁﬂéﬁﬂéfhlébEﬁém&ﬁ§xfbm®@8thetﬁeébafofhﬁaﬁntaﬁhﬁhg

S in the raEIAT O Aol et oty S ghi SocHERPRERT pFRITEE g,

car bonati ngiegrqﬁaabm:m avheich stesutlps emrmwémtcnﬁt bosberthat thmeSafn_pﬂ.e]
content. Thig, taplg algo ds%[ﬁggifé rét 85§06, -?eégezg%ogg {4&@&9 %thffb}:Tter
ada

at a | ow tenpera ure SO as mnimze product eqr results in
| oner COR aused by Npigh SHidtrzathoen tempelrstusanghe BoshbﬁshagheVen nmor e

noticeabl e gidgsde ]&Wq\v}bﬂcﬁ“ Sudéd tiRt i Ra-begpeat uaeceg@tgoahfas

hi gher sucrose content which causes an increase in viscosit

corr espondiGRFSLIRARILAGEY rkaven Fiterathen F%EﬁrtsThﬁsarPéﬂéFs[éPrP
conteat andieweOVED,, Edeedrit i ndfa CRsber MOV Hetio 68l ehyBbhodiokide to
Thé‘ﬁeneflt cq usi a C2 blanket during filtration

calcium Ifon.

15 The benefit of using a co, blanket during filtration
is also demonstrated (see Sample No. 3). By using a co,
blanket, product degradation is minimized even at a lower
final pH value which generally tends to favor less stable
products.

20

EXAMPLE VI

The procedure of Example I is repeated with different
carbohydrates. The results are set forth in Table II below:

.- 25 '
N o TABLE II

Reactants:
carbohydrate sucrose dextrose fructose corn dextrin Maltrin*

30 syrup ' M365
~Carbohydrate _ _ ) . _
we (g) 100 100 150 100 100 100
Water (g) . 400 400 450 400 400 300
- Ca(od), (g) 55 50 50 55 50 -4
35 co, (ml/min) 690 500 600 500 500 650

*Grain Processing Co., Muscatine, Iowa.

Maltrin is a Registered Trade Mark.



I's al so denonstrated (see Sanple No. 3). By using a [err] blanket, broduct
degradation is minimzed even at a |ower final pH value which generally

tends t@favor |ess stable products. 20 EXAMPLE VI The procedure of Exanple»

)

| is reggated with different carbohydratges. The results are set forth-in
Table |l below 25 25 . TABLE || Reactants;(i
car bohydrate sucrose dextroseTRBLE: 83c (€ontigmad)in Maltrin* 30 RET
syrup ' MB65 Carbohydrate W (g)° 100 100 - 150
100 - 100 ., 100 Water (g) 400 400 450 400 400
300 [err]Reaggion: 55 50 50 55 50 41 35 O
(mM/mn) TePO(°C) 50e1.5 6061 502 504.5 60 *G aing,?2
Progessi ng Co., Miscatipe, .l owa ltrin is a Registered Trade r k -
19 3 TABLE I (Cont i nueS? React 8n; Ten%’o(é) W5 d"°-‘? "€ 1,9
-1.5 0 -0.2 5 to 2 to 9 to 3 to 1.5
to 4 t range 940 &t 8.5 6.of 8. o..9. o.9.0
to 10.2 Sﬂhigﬁ‘gg' §'9%9.0 to 825 o f617 Yo Ja 5 Fo p{(‘#i%%l 9.6%o 10.0
8.5 7.1 9.5 10.20.2 11.2. 5 T&& Tin®.7 68 1l0.1 8810.0 35
91 130 58 (mn) 15 Isolation: Tenp of filter (O 0 0
*0 0 0 0
10 pH final 10.0 8.5 7.1 9.5 10.2 . 9.5
Total Time 68 88 35 91 130 58
o o/
(min)

15 Isolation:

Temp of
filter (°C) O 0 *0 o o 0
Temp of f£fil- |
trate _ _
20 receiver (°C) =20 -20 . =20 -20 ~-15 =20

Freeze-dry:
Time stored at

-40°C (hr) 4 4 | 4 4 :
25 ** Dry temp (°C) 15 15 15 15 15 15 g
Dry time (hrs) 36 36 36 36 36 36
Product:
Moisture (3wt) 4.9 6.21 7.0 4.2 2.6 4.9

30 ca®* (mg/g) 50.3 .39.2  58.6  36.5  42.6 - 50.3
Co, (m1l/q) 58.3 37.0 46.9 47.6 38.2 58.3
(co,/ca®®) 1.9 1.6 1.4 2.1 1.5 1.9
* The filtrate is quick frozen on dry ice contained within the

35 collecting flask which the flask is immersed in a dry
ice/acetone bath.

** platen temperature.



Ténp,of fil- trate 20 receiver ([err]) -20 -20 . -20

-20
-15 -20 Freeze-dry: Tine stored at [err] (hr) 4 4
4. 4 . 4 25 ** Dry tenp ([err]) 15 15 15 @15
15 :15 Dry tinme (hrs) 36 .36 =20-36 36

F;gg;ct yb;stugg (g@ﬁlggt%ble demgngkrag é Rhe fﬁ?iféiﬁf¥f§2;§7 Y%f}°€ 30
ng7 qprbougdgates4706prepgge2the Sarponating agent compleéxes o

1 6 1. 4the prédsént invéneion. 1.9 * The filtrate is quick frozen on dry
I ce contai ned mnthln the 35 coIIectlng flask which the flask is imrersed in
a dry icelacetone bath. ** Platen tenperature. - 20 - This table

denonst Bates the applicability of var EXAMPLE WMIllydrates to prepare the
carbonati ng agent - conpl exes of the present 1 nvention. 5 _
EXAMPLE VI In this Exanple, the nethod set forth in Exanple 111l is
repeat ed under variol® phdecExampleondhe methodTmet diartls i Exapierihl

?gloow in Ig%Q erébé%féég Iﬁ@hg IVH::LB‘?:QC %tc%ss%lﬁ(ér %sﬁad’ftl(cg% .Zoorhe Eesﬁ'f’@s

234 23are set3forth beF@Wr}n Ta )111'22 2 _ 11,1 . 22.2
44. 4 190. 0 Sucrose: [err] (nole

TABLE III

Reactants: _
4 Sucrose wt (g) 200 100 100 100 100 100
water (g) 470 233 234 234 234 300
15 ca(oH), (g)  22.2 5.6 11.1  22.2  44.4  50.0
Sucrose:
Ca(oH), (mole _ _ _
ratio) 1:0.5 1:0.25 1:0.5 1:1.1 1:2.0 1:2.5
co, (ml/min) 725 700 725 725 725 725
20
Reaction: -
Temp (°C) . 1.1 o 0.8 . 0.8 -0.5 3.6
. to2 to4  to 2.2 to 3.2 to 1.8 to 3.8
pH initial 12.3 12.1 12.4 = 12.6 12.9 12.8
QL;/ 25 pH final 9.2 9.4 9.5 9.5 9.5 9.4
: Total time 33 20 20 20 40 31
(min)
_ Isolation: :
30 Frozen temp (°C) =-40° =40° -40° -40° -40° -40°
Fréeze-dry:
Time stored at
] -40°C (hr) 3 3 3 3 3 3
35 * Dry temp (°C) 15 15 15 15 15 15
Dry time (hrs) 36 36 - 36 36 36 36

*Platen temperature.



ratio) 1:0.5 1:0.25 1:0.5 1:1.1 1:2.0 1:2.5 [err] (m/nin)

725 725 725 725 725 20 Reaction: Tenp (O

@10 0.8 -05 3.6to02 to4 to22 to
to 3 8 pH initial ?1 12 1 12. 4 12. 6 12.9 _

12.8 25 pH final 9.2 . 9.5 9?4L»

Total tRrmducts3 20 31 (mn) N

| sol atio r t ([er ] 40 &y r] rr] rel

[err] T}BOEQTung g%‘g?) grrg i me Zt gr ed at6[ rr] (%1 8 2 i@'g

3 (mg/g) 5 83 3526.4 pry4 e ([FF]PD 1509. 0 1509.6 15

15 é@ (ml/é§ Drysyi, ge (haa) 9 36 49,1 3684.7 3603. 8 3691.9 36

36 *Platep eza&ure 21 - Product;: Nb|sture (%) Z 2

6.9 3020 [erdy (gl g)t-7 50. 8 1+8 26. 4164781 79.5

109.0 109. [err] (m /9) 57.9 24. 9 49.1 84.7 103. 8 91:9
5 [err] . 9 1.7 7 . 8 1.6, . :

t abl e denonst ratrggl?h*éP%&S Fﬁg‘oﬁglté'artzftsl (J)Eh(ﬁt sa(ﬁ:r%éee AR 2F R ﬂ§dr oxi de
decr eassscrose tar babciimxhgdrozidendearaased, rde praxhon diexidees whil e

th t 0, | LE=VIII |
(e " 2l dOLERE" b1 U D ) USSR REELERV 1 I
r eadPi opareen udiokidehsancprdcivm HorhdeaneanPsf Exanple | (Table | VA) as

wel |l as the nmethod of Exanple Il (Table 1VB). Except for the differences
in the pH paraneter, ' ’

In this Example, the effect of pH, particularly the
15 £final ?H of the reaction medium, is shown for both the method
of Example I (Table IVA) as well as the method of Exampie IIX
(Table IVB). Except for the differences in the pH parameter,
all of the remaining parameters remain constant for each of
the two methods employed.

20
TABLE IVA
Reactants: 25% sucrose solution and calcium hydroxide
Esucrose/Ca(OH)2] = 1:0.15 mole ratio; T=0°C
25 . g
pH Range pH Value co,,
During At End co, ca?t H,0
Reaction of Reaction (ml/qg) (mg/g) _C_:_gz"' m (gwt)
30 8- 9 8.5 - 35.22 32.85 1.78 5.88
9-10 2.5 48.38 47.69 1.68 6.61
10-11 10.5 .51.74 52.14 _1.64 5.92
_ 11-12 11.5 59.87 69.47 1.43 5.78
8- 9 9.5 47 .90 44.39 1.78 5.27
35 9-10 9.5 45.60  41.25 1.83 5.70

10-11 9.5 47.40  43.54 1.80 6.43

EXAMPLE VIII - U

]

1.4 This



L}

all of thé remai-ni ng paranmeters remain constant for each of the two nethods

enpl oyed. 20 TABLE | VA React ants: 25% sucrose solution and cal ci _
hyelr oxi de [sucrose/[err]] = 1:0.15 nole ratio; T=0C 25 pH Range pH e
[err} During At End o [err] -3£Lr] Reaction of Reaction-
(n1%g) (my/ g) [err] (%) 30 8- 9 8.5 ~35.22
32.8& 1.78 _ 5.88 9-10 P IVB  48.38 47.69 1.68
6.61 10-11 10.5 51.74 - 52.14 1.64 5.92 11-12
11.5 69 47 43 5,78, 8- 9 . 9.5 )
47. 90 44R§§°%g“fs gjqa" FHRCEPse gplhyfion and cglgium hydrgxige
41. 25 1.83 5.70 10-(Bkcrose/Cal®if),) = 1:¥7mdDe radfopiT=0°¢. 80
6. 43 5 22- TABLE | VB Reactants 30% sucrose solution and cal ci um
hydr oxi de (sucrose/Ca(CH)Z) = 1:1 nole ratio; T=0C 5 pH After pH Af ter
[err] AdducPH Aftegg ] Bﬁmﬁﬁﬁﬂﬁ1 [err] [err] CO [err]
Formation adfiueal pH co, Add(l@llcﬂa) cd o/ 9) ca?* ) 10 4 ol2.65
12 63,11 87.13 3.0 12 65 Hy0 70. 09
81.98 1 formatiom g &Ef_*eiﬂ ﬂ_'l./;ls.!g . 31 99(3wt1 55
7.41 12.65 10 79. 98 81. 98 1 62 7.54 12.65
9 7. 68 1.94 1. 77 7. 86 15 *_Solution started to turn
White. 1P whi L2831 for med. 35 63.1 87.13 1.20 8.02
12.85 *11.5 70.09 81.98 1.42 9.81
- 12,65 **11.4 76.60 81.99 1.55 7.41
N . 12.65 10 ° 79.98  81.98  1.62 7.54
12.65 9 77.68 81.94 1.57 7.86
15 :

* Solution started to turn white.
** White gel formed.

_ Table IVA, which sets forth the results of the pH
20 control method at various pH conditions, shows that as the pH
increases, the carbon dioxide content is generally higher and
the ratio of moles of carbon dioxide to calcium ion decreases.
Moreover, it is seen that the composition of the complex
' - generally depends upon the final pH value and not the reaction
K\;/ 25 pH range. Accordingly, essentially the same complex can be
| obtained regardless of the reaction pH range, prc&ided the
final pH is kept the same. The optimum final pH value is seen
to be in the range of about 9 to 10. _
Table 1IVB, which sets forth the results of the
30 stoichiometric method at various pH conditions, shows that a

final pH value of about 9 to 10 is also optimum for this
method as well.

EXAMPLE IX

35

In this Example, the effect of time elapsed between
the end of the reaction and the start of freezing the reaction
medium for subsequent freeze-drying is shown for each of the



Tabl e 1 VA, which sets forth the results of the pH 20 control method at
varigus pH conditions, shows that as the pH increases, the carbon dioxide
coﬁggnt is generally higher and the ratio of noles of carbon dioxide to ¥
calTiumion decreases. Mreover, it is;geen that the conposition of the _
conpl ex general 'y depends upon the final pH value and not the reaction 25,
pH r angewe ?@EBﬁéWﬁ§E§,°gs§ ft PXSSENthd ARt IR eeiing forthnthe =
regar dl @f6unt bBecaebehi @iorildeanedt Me0\d dakdie d¢ nddcdtibbsikeph .t he

sane. The optinmum final pH value is seen to be in the range of about 9 to
10. Table 1VB, which sets forth the results of the 30 stoichionetric nethod
at various pH conditions, shows thatta8us nal pH val ue of about 9 to 10 is
alsq optinumfor this nmethod as wel . EXAVPLE | X 35 In this Exanple, the
effg%t of time el apsed between the end of the reaction and the start of
freezing the reaction nmediumfor subsequeﬂ:QOEuﬁqsurying I's shown for each
of the pime2B1ap¥Baenbodi ments of the present invention by setting forth

t he amount  of carbon dioxide |ost as a result of deconposition. TABLE V5 %

[err] Lost(®imd Flapsed (i Example I Methodinpl e | Bxampbe III Mefhadpl e
111 Method Og ? § 10 5
15. 3 i 0 10 49.7
1.7 10 > 67.9 15-3 3.5 30 !
76. 3 10 12.6 15 49.7 1 EXAMPLE X
20 67.9 3.5 -
o/
30 76.3 12.6
15 EXAMPLE X

A. Samples of carbonated maltose, sucrose and
dextrose all prepared by the method of Example I, are ground
and stored with and without a mixture of 8% citric acid in

20 amber glass bottles, having plastic screw caps. The bottles
containing samples are stored for 29 weeks, one set being
maintained at =-16°C, 1 set at 6°C, one set at 23°C and the
final set at 38°C. The bottles are opened once a week for
testing and visual examination. After 29 weeks, all samples

25 of the three carbonated sugars visually appear unchanged with "’
the exception of the carbonated sucrose and dextrose samples
which were stored at 38°C, which caked. The carbon dioxide
content of all three carbonated sugars remains constant with
time and temperatures of -16°C, 6°C and 23°C, respectively.

30 At 38°C, all the carbonated sugars with citric acid lose from
10 to 30 % of their carbon dioxide content in 6 weeks and then
stabilize, i.e., lose no further carbon dioxide, at about 10
weeks. These tests indicate the importance of storing the
carbonating agent complex out cf contact with atmospheric

35 moisture. They additionally show that the complex may start
to decompose at high temperatures accompanied by long storage
times. '



v

A. Sanpl es of carbonated nmal tose, sucrose and dextrose all prepared t he
net hod of Exanple I, are ground and stored with and wi thout a nixtd%ﬁyof 8%
citric acid in 20 anber gl ass bottles, having plastic screw caps. The
bottles cont ai ni ng sanples are stored for-24- weeks, one set being
nauﬂtalned at [err],gl s er L6 ] ! d the fin

[erH:( The bottles arBe ogéngtde%nco(raf] weed'S rbac%ueésﬁdng h VT%‘E@?SQ ca fc"um
exam nat i onblﬁFFPPnEQeV\E@{@QJ-eéI lprweé‘s b5 tire mathdd e?ef Brdrupbe el angar s

visual |y apaeafeanemanaedﬂu11m E@muiﬁaﬂﬂddﬂhfﬁhtJE% ﬁgafeﬁ QSSta”d
dextrose sa ich were stored at [err],, which ca ed car

di oxi de con?gﬁf°8F &FPPFHPégrﬁérBGnéFb&%ﬁRﬁ%%??eﬁﬁﬁ%nPQﬁﬁthﬂﬁlﬂﬁtﬁ time
andbt er’rﬁe&athieknefss[ oifr . 0903 5[ ﬁ'ﬁtg]f,orr G.S?@ﬁdﬁtgs mei?eok&tbéﬁi ]opéﬁed})he'rhe
car bonat e t .aci rom.10 to % eir carbon

di oxi de con en?lrl Wg wggé &of‘hé?# %?‘fmclq%e’ﬁ &XPrY eé{rﬁsf‘iﬁi'h‘éﬁ‘ car bon
di oxi de, atdégsﬁdelmoueehs.sﬁbuaeh@ds&& i ndicate the inportance of storing
t he carbonati-ng agent conplex out of contact with atnospheric 35 noisture.
They additionally show that the conplex may start to deconpose at high

t enperatures acconpani ed by |ong storage tines. M c®, IRasl es of ground

(about 3@ meshgampgggse/ cal ci um biggronate cowy ex preppred by tHige get hod
of Exanple ed al one and—TTTONbi natTomT W t h'va'n—cgus i rrgi%-dggnt S

at various %‘é‘ﬂﬁ PXt BLEB® n an air-ti9ht foil fbuch havify a 5 thi2Rness of
.00035 mm for 12 nonths before being opened. The anount of degradation of
tha conpl ex.expr essed. asogarbon di oxi de | ost is shown below. % |[err] Lost
SAI\/PLE%“Biex with 8% F rr] [err] [err] [err] Conpl ex
alone weight citric a@id 0 0 0 20 Conpdex wth 8%by

15
Orange soda mix with
31% by weight of :
complex 0 0 0 9

20 Cappuccino with 10% by

weight of complex 0 0 8 33
i EXAMPLE XI
\5}/ 25 Various metallic sucrose bicarbonates are prepai‘ed

using a variety of different inorganic hydroxides. The method

of Example I is repeated with the exception that the metal

hydroxides listed below are substituted for the calcium

hydroxide. The respective Co2 contents and mole ratios for
30 each complex are set forth in Table VI below:

TABLE VI
METALLIC SUCROSE CARBONATES

35  M(oH), o, (m1/g) | (O, /M) moles
Ba(oH), 49.0 | . 1.4
Mg(oH), . 50.4 1.4
KOH 98.0 0.6

NaOH 62.3 ' 0.6



weight citric acid 0 0 0 20 15 Grange soda

mx w th 31% by wei ght of conplex 0 0 0
9 20 €23u00|no with 10% by wei ght of conpl ex 0 o - 8 =
33 EXAWPYE XI 25 Various netaklic sucrose bicarbonates are

prepared using a variety of different I norgani ¢ hydroxi des. The mnet hod of”
Exanple | is repeated with the ex @&BMBLE tHBE the netal hydroxi des |istee
bel ow are substituted for the cal cium hydroxide. The respective C02
contents and nol e rati,os for 30 each cogglex are set forth in Table VI

bel ow. TABLE VI FBTAMLSCES3@RIS: 3ot different drying [err]
(mM/g) techniques (€031 usBratederr] 49.0

1.4 err] 50. 4 1.4 KOH

98. 0.6 NaCH 62. 3

0.6 -25- EXAMALE Rirleelze Dxiysirdekanpl e, the effect of different drying

techni ques is 'l‘::%ﬁrc ?ereq'nardri'd%hd: g, ea&%é(é go gbgg%? %%bgeﬁlgilg%?%ed to

a 30% by wei ght aqueous sucrose Sol Ut it T h
cal ci unfHgEPsRi dolution) ims aamale e:rmtatqﬁ esuxﬁrdse toGasdodiamcar bon 10

d| oxi denjarbRtBadeeed ., 755 raact & qeﬂ‘?‘ﬂ& 4 uct E.;Et Otééségﬁgt ggg%,éh;re i's

nutes and the final ure
fro n Qﬁ8x§96ré§ &pggg@chqnat a rate of 600 ml min. The total

reaction time is 30 minutes and the final pH is 10. The
product mixture is immediately frozen and stored at -40°C for
2 hours in a Vitro Model 50-SRC freeze dryer. The product is
then freeze-dried at a platen temperature of 30°C for 18

15 hours. The resulting complex contains 64 ml of carbon dioxide
per gram of complex and a mole ratio of carbon dioxide to
calcium ion of 1.7.

B. Spray Drying

20 The reaction is carried out as in Part A above. At
the end of the reaction, the mixture is introduced into a
spray dryer at the rate of 953 g/min within 5 seconds under a
CO, atmosphere. The conditions of the spray dryer are as
follows: '

25 | | o’

Equipment: Proctor and Schwartz Spray Dryer
Inlet airflow: 56.6 standard m /m1n
Inlet temperature: 150°C
Chamber temperature: 75°C
30 Outlet temperature: 65°C
"Air broom on "2" _
High air veloéity,.two fluid nozzle

The residence time of the sample in the dryer is less than 30

35 seconds, however the product is actually dried in about 50 m
sec. The complex produced has 69 ml of carbon dioxide per
gram of complex and a mole ratio of carbon dioxide to calcium
ion of 1.97.



2 hours in a Vitro Model 50-SRC freeze dryer. The product is then
freeze-dried at a platen tenperature of [err] for 18 15 hours. The
resul ting canplex contains 64 m of carbon dioxi de per gram of conpllﬂ” nd
a nole ratio of carbon dioxide to calcium,jion of 1.7. B. Spray Drying 20
The Teaction is carried out as in Part A™& gove At the end of the

rededd on, the n1xturRsIGomphfédueedthétaa&h&ﬁ@&ﬁ disitlg Fredve raiywimf, Hive
g/m-n within5 '

onds upder _.a re nosphere, The condi tions t,he
Joray dryerserel (YERs REShoans| bp Shis°GR8hE1s BEcHRARE B &Y e yer
I nl et alrflwhucEGhSSSaandued highen CobeCOneeperamdr@wl@emﬁhﬁ@haﬁber
tenperaturq? 230 Qutl et tenperature: [err] Air broomon "2"
‘Hi gh air_ ve y, two fluid nozzle The residence tine of the sanple in the
dryeri:? | ess than 30 35 seconds, however the product is actually dried in

about 50 msec. The @anbgﬁmpbgggﬁgd has 69 m of carbon di oxide per gram
of conplex and a nol on di,oxi de t,o cal ciumion of

r
-26- As conpared to The FeRfkigBeidsPARiRy SRX&AA) AW acsné-’br?r%ﬁ?t quq%ve.
techni que aittthe exanpietheodeaesionpr eeciniwftiviie Has introautdd gireto &2

cont ent and pol e.ratio_pf %err o um Drying The reaction is again
carried out E%mlﬂr¥5ftaﬁ 5 8v£¥1g?w?ﬁg gﬁ&%&EQFW€ ‘reaction, the mxture is
introdudd into a drumdryer at the follow ng conditions: .
Vacuum: 100-120 mm Hg

Inlet temperature: 93.3°C

U4
Outlet temperature: 93.3°C
Steam.pressure:' 0.3 atmospheres
15 - Drum distance: 0.305 mm
'Drum speed: 0.5 rpm
The dried carbonating agent complex has a carbon
dioxide content of 42 ml per gram of product and mole ratio of
20 carbon dioxide to calcium ion of 1.2. There is still enough
carbon dioxide in the complex to provide adequate carbonation
for many different applications.
o EXAMPLE XIII
S 25

A dry instant orange shake mixture is prepared in
accordance with the folloQing formulation in which the calcium
bicarbonate/sucrose complex prepared in Example I acts as a
dispersing agent.

30 _ . _ _
Calcium bicarbonate/sucrose 30.4% by weight
Sugar | o 32.7%

_ Non-fat dry milk sollds  20.2%
Orange juice solids 9.6%

35 citric acid ' L - 5.6%

Flavor and color addltlves 1.5%

This instant orange shake mix is used in an amount of
110 grams per liter of water.



10 Vacuum 100-120 mm Hg Inlet tenperature: J[err] CQutlet tenperature:

[err] Steam pressure: 0.3 atnospheres 15 Drum di stance: 0. 305 nm
Drum s . 0.5 rpm The dried carbonating agent conplex has a carbon ¥
di oxi: ontent of 42 m per gram of product and nole ratio of 20 carbon_ .
di oxi d€ to calciumion of 1.2. There=g3=still enough carbon dioxide in thé
conpl ex to provide adequate carbogedmpigfgfymany different applications.
EXAMPLE XI'lIl 25 A dry instant oramge stake mixture is prepared in
accordance with the following formulation in which the cal cium

bi car bonat e/ SUCfmﬁ&EmmﬂnplepaffdctcﬂsE)(aHDEQuh B@.E%r%%n%t@ M 1Y
agent. 30 Cal un1 car q%g/suc f a 9 4%, b é géF SU%G
32. 7% RETRALS ab'e ? is employed 3§ 3.fppmigd pge dry

9. 6@635n@ﬂant:auﬁﬂhe drink mix. 5.6% Fl avor and col or
addi tives 1.5% Thi s instant orange shake m x is used in an anount
of 110 grans per liter of water. -27- EXAMPLE XIV In this Exanple, '
fruct oMdA&alsmlidshi car bonate conpl ex prepéBe@%i hyEwedghe VI is enpl oyed as
a foamg qgent inadry 5 instant coffeepagrggk mx. MIk solids
43. 2@6%y ght
ructose/calc;um bicarbonate 14.8%
10 Instant coffee 11.1%
Cocoa powder _ 2.6%
Citric acid 0.9% \/
Flavor additivgs 0.6%
15 The dry instant coffee drink mix is used in an amount

of 150 grams per liter of water.

EXAMPLE XV

20 In this Example, the dextrose/calcium bicarbonate
complex prepared in Example VI is employed as a carbonating
agent for an orange soda dry mix.

Sugar 53.4% by weight

25 Dpextrose/calcium bicarbonate 35.3% S
Citric acid - 10.7%
Orange flavor and color - 0.6%

The orange soda dry mix is used in an amount of 100
30 grams per liter of water to provide a carbonated orange soda.

EXAMPLE XVI

A dry non-salty tasting antacid is prepared by mixing
35 8.5 grams of maltodextrin/calcium bicarbonate complex with 1.5
grams of citric acid. The powder is pressed into 5 gram
tablets. When added to water, the tablets dissolve to form a
Pleasant tasting antacid solution.



é -
Sugar, i 26. 8% Fruct ose/ cal ci um bi car bonate

14. 8% 10 Instant coffee 11. 1% Cocoa powder

2,6% Citric ,acid 0.9% Fl avor additives
0.6% 15 . The dry instant coffee djjnk'mix is used in an anmoun

15Q grams per liter of water. EXAWMPLE XV In this Exanple, the

desLose/ cal ci um bi carbonat e conpl ex EXAMPUECXMIT Exanpl e VI is enpl oyed as
a carbonating agent for an orange soda dry m x. Sugar

53. 4% by wei ght 25 Dextrose/ cal ci um bi carbonate 35.3% Citric acid
10. 7% Orange flavor An@ryoRgetonic drink mix gbs MRERARSYOLOBEXHRYG BhR is
used in an ggRYBLiAhl 188rd3@ignaes per liter of water to provide a

car bonaged orange soda. EXAMPLE XVI A dry non-salty tasting antacid is
prepared by mxing 35 8.5 grans of mnaltodextrin/calcium bicarbonate conpl ex
with 1.5 grans of ci spdduscbdcaonadeflirictgyessed 0149 & gramtabl ets.
When added to water, . the tablets dissolve rma ant tasting
antacid sol ution. M_agg_esém:f qna&ecfr%“l{c(s)to ohi (F:d r?n mx is prepared
by m xi ng the fol | owPegassdusdibdearbdnade) frmdliase bdhal®/§r uct ose 0.14

g Magnesi um bi car bon [Jsr uc assddim bigag-pogat e/ fruct ose
0.19 g %I ci um bi car g%?fgtle f%&?’%&égﬂ&%%%@ g ¢ ¢ 9

Fructose 4.00 g
Citric acid - - 0.58 g
s
15
20
s 25
30

35
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10 Fruct ose 4.00 g Gtric aC|d .
0.58 g 15 20 25 30 35 29 CLAIMS 1. A nethod for preparing a dry,
stabl g carbonati ng agent conpl ex conprising: (a) adm xi ng a netal v
hydr@%?de oxide or mxture thereof with an aqueous carbohydrate solution
at a nperature of |ess than 250C to Form a car bohydr at e/ net al hydrOX|dé a
adduct; (b) adding carbon dioxide to the solution to react with the adduet”
and fornC&AEHsbohydrate/netal bi carbonate conplex in the solution; and then
(c) isolating the conplex fromthe solution by drying. A et hod
as claimdd in cl & nmethed, iRy ERePATINGg: a( HrY, atﬁﬁ@h%fﬁg carbenatingent
anount of the netal hy drOXIg oxi de or m xture thereof to the carbohydrate
sol ut i on2@RNENCPEPARKNEIFREASIPIA tenperature of from -5 to 100C until a pH

ol Ut i on cont ai niCRY t hEBEREBH,  2R8 TR VIR EE e OkddRc St nPEREERE bt i <
| oner ed g-%fg%of a-n,ggtﬁf erm%%ﬁgoéydr%r gﬂg gq:q,_ Stse&fxfxéfanang (b unti |

bet ween nmol es of ure thereof has

been addg@ﬁa&aﬁsﬁ% 1253 eleéscaahtaqhyﬂs%eter%ﬁm éncﬁﬂth?aQa@Q?métQt' of

from?7 t I's obtained. (d) filtering the m xture;
hydroxide adduct;

(b) adding carbon dioxide to the solution to react

with the adduct and form a carbohydrate/metal bicarbonate \;;
complex in the solution; and then

(c) isolating the complex from the solution by

" drying.
2. A method as claimed in claim 1, further comprising:

(a) admixing a sufficient amount of the metal
hydroxide, oxide or mixture thereof to the. carbohydrate
solution which is maintained at a temperature of from -59 to
10°C until a pH of from 9 to 12 is obtained;

(b) adding sufficient carbon dioxide to the solution | |

o’

containing the carbohydrate metal hydroxide adduct until the
pPH is'lowered to the range of from 7 to 10;

(c) repeatinq steps (a) and (b) until between 0.25
to 3.0 moles of said hydroxide, oxide or mixture thereof has
been added for each mole of carbohydrate present in solution
and a pH of from 7 to 11 is obtained.

(d) filtering the mixture; and ﬁhen

(e) drying the filtrate to obtain the dry, stable

* [ L N ‘s *



(e) .drying the filtrate to obtain the dry, stable 11111111 111111

1111111111121111 30 car bohydrat e/ net-al bi carbonat e conpl ex. A
method as .laimed in claim- 1 or 2, further conprising;éé?b adding
the metal hydroxide, oxide or mixture theregf to the carbohydrate sol ution
i n=an: anount such that the nole ratio of canohydrate to nmetal hydroxide or

oxide*is froma 2h 1.0 .1: m t he ,adduct; and (b) saturating
t he soIut|cn1?ﬂ#kéhxéxﬁfﬁih?Eﬂﬁhéic%éq?gﬁz txﬁp(ﬁ?§k|de to-formthe conpl ex
in the solutip h a% d g 3, ein af }#E_g:e
solution is sai ur at edhvmntléf?:rﬁae é.%}bonﬂ oéx?denp Célad%lsll he’ ranédgto
from7 to 1l.cSmprisindy Method as clainmed in any of claims 1 to 4, wherein
t he carbohydrate | S sucrose. 6. A nmethod as clainmed in any of clains 1
to 5, wherein an al kaja) netfddirig athal lsdtdle AgaEBxIEEA! dwﬂie)xeagle,mmﬁui@.
or a mxture thereof 1s added to the carbohydrate solution. 7.

met hod as cl athhereofi taythe daﬁhuhyﬁnatdSSQMEhxnnltmlanuambydtOﬁm@a that
cal ciumoxide or a mxture thereof is added to the carbohydrate sol ution.

8. A netthel mele|xatiel of canbaiiydratiestd netdl hydxraxtide axr sotide dis
is chilled to below its eutectic tenperature and then freeze dried. 9.

A method as cfEPReRPORE ahyoo?5 cFQi b3 10 thp 8507%1&1%9 rAFRSEOMNIEX s
b RARAE e S g 30, A O ST e s

with carbon dioxide to form the complex in the solution.

~ 4, A method as claimed in claim 3, wherein after the
~solution is saturated with the carbon dioxide, the pH is in
the range of from 7 to 11. _
5. A method as claimed in any of claims 1 to 4, wherein
the carbohydrate is sucrose.
6. A method as claimed in any of claims 1 to 5, wherein
an alkali metal or an alkaline earth metal hydroxide, oxide
or a mixture.thereof is added to the ca;bohydrate solution.
N 7. A method as claimed in any of qlaims_l to 5, wherein
kn\/ .calcium_ hydroxide, calcium oxide or a mixture thereof is

aﬁded to the carbohydrate solution.
8. A method as claimed in any of claims 1 to 7, wherein
the solution is chilled to below its eutectic temperature and
then freeze dried. B |
9. A method as claimed in any of dlaims 1 to 8, wherein
the complex is isolated by spray drying or drum drying.

- 10. A dry, stable carbohydrate/metal bicarbonateicomplex
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prepared by the nethod of any of clains 1 to 9. 11. A dry, stable

carbonating. agent conposition conprising a conplex of a

car boh
net al |

ate/ metal bicarbonate having the fornula: [err] wherein Mis a

cation, ais 1 or 2, bis 1, 2 or 3 and cis 3, 4 or 5. 12.

A

carbonating agent as clained in cIa|n111 wherein the netallic cation is an,
nmetal or alkaline earth netal. 13. A car bonati ng agent as

cl ai med iprepazieds byl the methadkf arohef sladmeddatte 9 ar abi nose,

al kal i

gl ycer
gul ose,
mannos

ol ,

e,

xyl ose, cell obi ose rn starch, cqrn syrup, dextrin, talose

Adlyose, dextf@B¥e, RFE; ¢arpePpating) a%‘?ﬁ‘s"é' lcenrReitigprt ose,

ff I bI
sorbitol, r@@#%ﬁ%‘% g%ggéyﬁgiﬁﬁfgﬁ xt?eozcteaar(rﬁ:‘)qﬂc%ﬁtﬁ)d‘}est gL}i O@pﬁe

stable f r Q|un1b|carbonate havi ng the fornula [err] 15.
b.E 1315%%%09;@1

A dry

obtalned b r ide or mxture thereof :
d¥at Ey Qg
aé[ueous e?z?r gg o‘r at )§§| ti oﬁ € a tenperature of less than

W th

an

i‘'ng agent conp05|t|on conprising the product

250C t o ke i I St reactlon product in the solution; adding carbon
di oxide to the solution to react wwth the first reaction product; and then
drying the sol ut rid @ aetall icheatiyn,st abl e carbonati ng agent

conposition. 16. A conposition as clained in claim15, wherein the

a is 1 or 2,

b is 1, 2 or 3 and

c is 3, 4 or 5.
12. A carbonating agent as claimed in claim 11, wherein
the metallic cation is an alkali metal or alkaline earth
metal.
i3. ‘A carbonating agent as claimed in claims 11 or 12,
wherein the carbohydrate is arabinose, glycerol, xylose,
cellobiose, corn starch, corn syrué, dextrin, talose, gulose,
ribose,' dextrose, dulcitol, fructose, galactose, lactose,
maltose, mannose, raffinose, mannitol, soluble starch,
cellulose, glycogen, sorbitol, sucrose, glucose, polydextrose
or D-xylitol. |
14. A dry, stable form of sucrose/calcium bicarbonate
having the formula:

[sucrose], e [Ca(HCO3)2] e [H30]3-5
15; A dry, stable carbonating agent composition
comprising' the product obtained by reacting a metal

hydroxide, oxide or mixture thereof with an aqueous

R
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met al, hydroxide. or oxide is an alkali metal or alkaline earth netal

hydr oxi de or oxide. 17. . A conposition as clainmed in clainms 15 or 16,
wikerei n the ,carbohydrate is arabi nose, glyceral, xylose, cellobigge) corn
starch, :corn syrup, dextrin, talose, gulose, ribose, dextrose, db t ol
fruct.ose, gal actose, |actose, maltose, nmanaese, raffinose, nannitol
sol*wht'e starch, cellulose, glycogen, sorbitol, sucrose, glucose,

pol ydext r ose eariiphydrate| solution at a temperature of less than 25°C to
form a first reaction product in the solution; adding carbon
dioxide to the solution to react with the first reaction
product; and then drying the solution to obtain the ary,
stable carbonating agent composition.

16. A composition as claimed in claim 15, wherein the
metal hydroxide or oxide is an alkali metal or alkaline earth
metal hydroxide or oxide.

17. A composition as claimed in claims 15 or 16, wherein
the carbohydrate is arabinose, glycerol, xylose, cellobiose,
corn starch, corn syrup, dextrin, talose, gulose, ribose,
dextrose, dulcitol, fructose, galactose, lactose,' maltose,
mannose, raffinose, mannitol, soluble starch, cellulose,

glycogen, sorbitol, sucrose, glucose, polydextrose or D-

xylitol.
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