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ates or bicarbonates, the most common of which is sodium

bicarbonate. However, these inorganic carbonating agents

generally have imparted off-flavors and saline tastes to the

product because of the metallic ions released upon reaction
20 of the carbonating agent with water.

- Certain oxygen, nitrogen and sulfur carboxy-
anhydride compocsitions are described in U.S. Patent Nos.
3,441,417 and 3,649,298 as organic carBon dioxide carriers in
dry carbonating agent applications. However, the processes

25 described to make these organic carbonating agents require
phosgene gas which, because of possible -toxicological. (
problems, is undesirable in food applications.

A process for the preparation of a L—lysine
carbamate as an organic carbon dioxide carrier for

30 effervescent compositions was described in UK Patent
Application GB 2,037,760 A.

The present invention substantially avoids the
disadvantages discussed above. The present invention
includes the discovery that bicarbonates of the 2-amino

35 sugars, glucosamine and galactosamine, may be used as dry
carbonating agents. The 2-amino sugar bicarbonates readily
release carbon dioxide upon contact with water and provide a

mild sweet taste to the resulting carbonated aqueous ligquid.
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15 contactlng a salt of the 2-amino sugar with a strongly basic

‘ion ‘exchange resin which has been charged with bicarbonate
| 1ons.' The anion of the salt is removed from the 2-amino
'sugar and replaced by the bicarbonate ion, thereby forming

the 2-am1no sugar bicarbonate. '

20 The process of the present invention utilizes one of
the naturally occurring 2-amino sugars, i.e., 2-amino-2-
deoxy-D-glucose (glucosamine) or 2-amino-2-deoxy-D-galactose
(gaiectosamine). These 2-amino sugars are usually obtained
frpm'natural polysaccharide sources such as chitin (gluco-

25 _samine), and collagenous material such as tendon and car-

W, tilege (galactesamine). ~ Such 2-amino sugars are typicelly
recovered in the form of their mineral acid salts such as the
. hydrochloride. - ,
o Thus, glucosam;ne hydrochloride can be obtained by
30 __the well known procedure of the mineral acid hydrolysis of
| chitin, which is a polysaccharide wherein the primary

.repeating unit is N-acetylglucosamine. Chitin is readily

prepared by well-known means from shells of Crustacea such as

.crab, shrimp, lobster, crayfish and the like.: '

35 . -+ An aqueous solution of the free amino.sugar may then
.be prepared by neutralizing the acidic hydrochloride solu-
tion, preferably by passing ‘it through an ion exchange
column. Any suitable weakly basic anion exchange resin can
be used in the present invention to prepare the free amino
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15 Later eluate fractions which have a lower pH exhibit less
complete conversion to the free base. This results in the
presence of the acid salt in sufficient concentration so as
to detract from the flavour quality of the final
bicarbonate product. ' '

20 ©  Glucosamine and galactosam.ne hydrochlor:.des are
readily soluble in water and aqueocus solutions can be
easily prepared by dissolving the hydrochloride in water.

~ Concentrations for the glucosamine hydrochloride, for
example, may be up to 25% by weight, depending on the

25 viscosity desired. If the aqueous hydrochloride solution
is to be passed through ‘an ion exchange resin to p'reparé _
the free base, then lower concentrations may be prepared in 1
order to prevent problems attendant with high viscosity of
solutions passed through ion exchange columns. In basic

30 ion exchange procedures using, for example, the glucosamine
hydrochloride, the rate of undesired browning reactions of
the free amino sugar increases with increasing
concentration. It is thus parti,cularly important that for
.higher concentrations the flow rate throﬁgh the column, as

35 well as subsequent processing of the 2-ar_nin6 sugar, be as
rapid as practicable. Chilling the column during the ion
exchange, preferably: to below 15°C, will further aid in
minimizing such undesirable degradative reactions.

"The aqueous solution of the free amino sugar is

@rgtovered inthe formof their mineral acid salts slich as the -



Blcarbonate product 20 - d Ucosani ne and gal act osani ne
hydrochlori des are readily soluble in water and aqueous solutions can b o

? tly prepared by dissolving the hydrochloride in water. Concentrations ™\
or “the gl ycosanm ne hydrochloride, for exénple, may be up to 25%.by weig
dependi ng Qp the 25 vi scosity desired I'f the aqueous hydrochl ori de

sol ution |s1x$hﬁ§r%ﬁ%@ﬁeﬂhWéﬁéhaaﬁﬁi&#h%ﬂﬂﬁﬂﬁf?ﬁ%ﬁﬁrP icaxhenate iemsftae

baggl egegtLOkaone?h@t L o+ RENBRY éiﬂ;é’?epﬁlfi%tdr'bl&rﬁlt‘éer %p pfl@deﬂpresent
pr endant w ig VI scosi Q u se ugh_i

exchange col u#ﬂ% ntifpasi d?%ftff mba %3@%& 5 ngFesent
exanpl e, the glnoeasaiome Ib}dls)clilsordme thhe carbonatmndestlned awineni sygar
reacti ons gf tJ&iug{S&? £ N0 utk?aﬁafaéefﬁsafeswi%téarbaﬁrammae such

concentrati on hus part G ortan
concent r at i onSATRENALIPER 41RAY hr%grﬁgﬁ%c las eithery gaﬁ?%‘ﬁbsﬁﬂ@ent

pr f)cesshng of ﬁﬂt h&&mnmhssoaﬁtibﬁ aSsl’l&#ﬁﬂ'ﬁﬁ.ﬂﬂ@.Cﬁ.hCadﬂbﬂtacehi#ﬂﬁh‘lgthbe
col um during the ion gxc o) W ekedl d
in mnimzing %i?&?‘tﬁmgézr %B:Ige dgggégé??véé gfaxtc)cf #Lﬁ{i‘hé’% uﬂé)éﬂé%{' Egﬁ
of the free arkPo Ramabost 60 4to e minwtes, wrhdoysiceabl @hsoapé@béhty
bi car bonafe i que tc%rWﬁe aibBgiag a:mlnca sBiﬁ%?.BﬁQathdOfthé hgarious

present 1 nvention. a pre erred odi nent resent invention,

this is done tﬁﬂi&ﬁ’%ﬁ%t Epgcies thab §5&arf‘5"“‘e%ol’-9ﬁ-8ﬁncie the ,yeaction
contacting it with CeH&ONamingi deugadiich Cnbboneimpnerraaqbeoafsf ecaebonatk

chiher gaseous Sl ond" LR SRS ° NS 150 KRGO Bl

abaut 60 to 9CGoncentsationsrgfithe fwersebllbteic9mponents -- €Oz, H2CO3,
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equilibrium reactions:

C02(9) e CO2 (aq)

COz (aq) + HO _____ H2C03

HC03 e H* + HCO3™

c200 T T HeO3T L HY + c032-

' At pH values of 7 to 10 the bicarbonate species
-- HCO3~ ~- predominates in agueous solution. Moreover, as
‘the pKa constants for the amino group of the 2-amino sugars
are also about 10 (glucosamine = 9.7), as the pH falls
25 Dbelow that level, more and more of the amino groups will
. react with the bicarbonate ions to form the amino sugar
%% - bicarbonate. As the carbonation of the collected eluate
\ fractions (pH 8-10) proceeds, the pH of the solution drops
‘and more bicarbonate ion forms and reacts with the amino
30 sugar. At the end of the carbonation step, the solution

' has reached a pH range of about 6-7.

In order to enhance the solubilization of the
carbon dioxide and the reaction with the 2~-amino sugar, it
is preferred to maintain the solution at temperatures below

35 ambient, preferably below 10°C. A 5-10% increase in
carbonation yield may be obtained by xﬁaintaining the
solutions at 0-2% instead of 25°C. Addition of dry ice
will both 1lower the temperature of the solution and
" introduce carbon dioxide into the solution. The yield of
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bi carbonate ion forns and reacts with the am no 30 sugar. - At -the end of
t he carbonation step, the solution has reached a pH range of about 6-7. In
order to enhance the sol ubilization of the carbon dioxide and the reaction
with the 2-am no sugar, it is preferred to maintain the solution at

t enper at ures bel ow 35 anbient, preferably below 10C. A 5-10%
increase 'in carbonation yield nay be obtained by naintaining the solutions
at 0-2% instead of [err]. Addition of dry irce will both |ower the
tenperature of the solution and introduce carbon dioxide into the solution.
The yield of . bicarbonate is also augnented by increasing the pressure

u
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amino sugar blcarbonate.
The amino sugar bicarbonate in aqueous solution can
be isolated by drying the solution such as by freeze drying,
_spray drying or vacuum drying. The amino sugar bicarbonate
in the solution is sensitive to heat which may cause release
20 o:f'co2
Because of such thermal instability, the drying procedure

as well as other undesirable degradative reactions.

employed should avoid prolonged exposure to elevated
temperatures or excessively high temperatures. The preferred
drying technique is to freeze dry the aqueous solution. It

25 is also preferable to maintain the temperature of the carbon
dioxide and amino sugar reaction mixture, and the resulting -

N bicarbonate solution, at below 15°C and to freeze the
bicarbonate solution as soon as possible in preparation for
freé;e drying. '

30 ) The free;e.drying step is continued until the
prbduét has a moisture content of less than 8% by weight and
preferably less than 5%. The resulting dry amino sugar
bidarbonate is a white powder. _

| - The dry amino sugar bicarbonate thus isolated is

k13 | stable at room temperature and possesses a characteristic
m;ld sweet taste. It can absorb moisture when exposed to
éir, the ffeeze dried product being particularly hygroscopic.
Accordingly, in packaging the product of the present inven-

tion, care should be exercised to avoid product moisture.
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15 Starch & Chemical) was found part;cularly useful as a

carrier.
Upon reconstitution in an aqueous solution, the

amino sugar-bicarbohate releases carbon dioxide. 1In general,

the release of carbon dioxide may be represented by ‘the’

20 follow;ng formula'

RNH, H,CO; + JLAE o S 'Hzo + Co,
where R is the 2-amino sugar, without the amino grodp;'

25 Preferably, the pH of the solution is acidic in order to
promote release of carbon dioxide.

In addition to releasing carbon dioxide, the
carbonating agent of the present invention additionally -
imparts a mild sweet taste to the solution thus ‘carbonated.

30 Thus, the carbonating agent of the present invention may be
especially suitable in'beverage‘appliéatibnS'where a sweet'
taste is often desirable. 1In such applicétichs, utilization
of the amino'eugar bicarbonate as the carbonating agent would
make possible a reduction in the amount of sugar that would

35 ordinarily be added. Suitable dry diluents, carriers and
£lavorings can be admixed with thé bicarbonate to form.a dry
beverage composition. While especially useful as part of a
dry beverage composition, the carbonatihg agent:of the



[ERR] where R i's the 2-am’'no sugar “without the am no group. 25
Preferably ‘the pH of the solution is acidic i.n order to pronpte rel ease o
gar Bon dj oxide. In addition to rel easi ng agar bon di oxi de, the carbonating
agent of the present invention additionally inparts a mld sweet taste to
- the sol U“Q.Q t Prasentd AraiedftioH) malh lﬁscﬂlﬁ@f&é@rﬁi idthexaipXicdtons in

pr esent |nvent|0 nay .be es ecial'ly sui e, j n bevetag ations ere
a sweet taste W& etrp%ie§? &pee. © ncﬁfé’f? p‘?ﬁ?’&’a‘f? 51? %ﬁlse‘%a?gﬁ S Bt
ani no sugar bi eajdlimim'eoﬁvzatemar bonati.ng-agent woul d nake possible a

reduction in the anmount Yh é“%&l&%@rﬂ%glﬁxgﬁl 1Y dlg@%l | yg e agg«;@h to

Suitable dry diluents, carriers an I Ngs can mxed with 't

bi car bonat & t o iidustaate eevtaige anhastbipents ofwhhe PEpsenk |§W&%‘$%ﬁnas
part of a dry Rewe’ agfeCHBOSK Obe td&sw@mat haaeeaer,lt aoé tmauun@ eeleet
i nvention may gl so used in_other applic ons | o

car bon di oxi de {¥¥ iFHotR BR8N PERECXddi t‘?%iﬂe%? RgP&FWJ-?ﬁe q‘{ﬁ %Vﬁ‘ffg all
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gi ven by W8 ght. 10 - EXAMPLE (M AMPLE | DONEX MAA- 1
macr opor ous basic ion exchange resin is washed with 6N HC and then with

dei oni zed water (DONEX is_a_r ered Trade Mark eJesinis th
packed in a 15 9.5 cm d?%??s’g %6?%?1{1 BRCEBP8EOBH }’ﬁsﬁ gi? equh%n%%crgﬁin
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SO' ution are pzisss%d Ay W dd'orF4d' Wark) . The resin is then packed in a
15 9.5 cm glass column up to 80 cm in height. The packed'
" column is washed thoroughly with deionized water. Then 12
‘liters of 5% NaOH solution are passed through the column
-followed by sufficient deionized water so that the eluate
- has the same pH as the deionized water. The whole column
20 'is then cooled to below 8°C. |
o - 1200 ml of an 18% solution of glucosamine
hydrochloride in deionized water (15°C) is passed through
'tne column at a rate o: 25 ml/min, followed by cold
~ deionized water (15°C) at'the same rate of elution. The
25 _eluate fractions (300~ 500 ml each) having a pH higher than
_ 8.3 are collected and then carbonated at 276 kPa (40psi) of
N\ €O at 10°*C for 1 hr. The resulting solution is then
frozen and freeze dried to a final moisture content of 5.0-
6.5%. The combined yield is 155 g. The final freeze dried
30 ..glucosamine bicarbonate has a chloride content of less than
' 0.6%. The average 'COp yield from the product is 75-88 ml/g
(corrected to standard conditions of 0°C and 760 mm Hg)
compared to a theoretical CO; content for glucosamine
" bicarbonate of 93 ml/g. Melting point determinations for
35 the 88 ml/g product give a decomposition commencing at
'~ 93°C. IR spectra are consistent with the formation of the
amino-bicarbonate salt bond.



| owed by sufficient deionized water so tfhat the eluate has 't he. sane pH
the deionized water. The whole columm 20. is then cooled to below ferr].
00 m of an 18% sol uti on of glucosam ne hydrochl oride in deionized: :water ¢
er{] is passed through the colum at a fate of 25 mM/mn, followed by ,
cold deionized water [err] at the samggi@bgeOfrel ution.- The 25 +dluate
fractions (300-500 m each) having a prhTgher—than 8.3 are collected and

t hen carbonated at 276 kbPa (400gi)of Lerr]l at lerrl for 1 hr The
resulting solution is then frozen phg Bégeragdr Maet t 0 Confiemd a®icdnBuned
content of 5 0- 6.5%_ The conmbined yield,is 155 g. -The final freeze dried
30 quco&&%ﬁ? ﬁﬁ%ﬁﬁbonate has a chloriae content of |ess thé% 0.6% The
average3C02 yield fromthe product is 75-88 m /g (corrected to standard

condi tions Qf and 760 mm Hg) conparedg{o t heoretical C02-: nt for
glucosaning%&%gibonate of 93 m/qg. Nblt?%é7goint deterhinatio%gﬁ$§r 35

the 88 nl/ &iprddudcif ve a deconposition #effencing at [err]. Q-RZpectra

are consi shantj MaAdid he formati on of the gapggo-bi carbonate sal tg Bond.

EXAVPLE IIJ%E& Bever age. M x Content as gogfuned I ngredients 5 %Hgar

61.79 e Juice L% tric Acid 4. 837 |
0.72 MM0ic IAsthnt Tea Powder 4.840.46 0.7 4wl e Juice
Sol i ds 3.81 0,57 10 Instant Tea er
0. 46 Apple Flavom 17 apnie Flavor © 33 v Rl
0. 06 PeachPelaorFlavor o 0. 080.08 _ -~ 0.0D.01
' Glucosamine bicarbonate 23.80 ~ 3.54 _
Water B S 85.11 o/
15 o o T .
100.00 S 100.00

Glucosamine bicarbonate produced according to. the
procedure described in Example I, and having a COZ content of
20 75 ml/g is blended with the other dry ingredients noted in
'~ the table above, in order to oBtain a uniform mixture. 21 g
of the'reSuiting dry"béverage mix is stirred into 120 ml of
cold water: It takes about 30-40 seconds for complete
dissolution'and the drink continues.to evolvé'coz'bubbles for

25 3-4 minutes. The prepated dtink evolves 3 volumes of Co2 per
volume of liquid. : \_)
EXAMPLE IIT
30 _ ' - Dry Beverage Mix cdntent as consumed
Ingredients _ E T ' %
Sugar _ . 78.71 , . 10.51
- Citric Acid _ . 6.00 _ _ _ .80
35 Monocalcium Phosphate 0.26 _ 0.03
. Strawberry Flavor 0.69 - - .0.09

Red #40 (coloring) _ 0.07 _ 0.01



b ucosam-ne bi carbonate - 23.80 3.54 Water

.- " | 85.11 15 100. 00 100. 00 d ucosam ne )
bi carbonat e produced according to. the procedure described in Exanple I,; Ty
and having_a C®2 content of 20 75 ni/g i#oblended with the other dry '
i ngredi entis__noted in the tagl e above, in order to obtain a uniform m xt

21 g of the reClREPRATAPE BdFarbgpakey is stdAred into 120 nl of &l

water. |t t'akewagsBeut 30-40.seconds for conpl et e=di ssol uti on andé.lea drink
continues-to evolve [err] bubbles for 25 3-4 mnutes. The prepared drink

evol ves 3 vol umesof—ferri—per—votome of —tTgord—EXAVWPEE 1130
Dry Beverage Mx  Content as consuned | ngr é8i0e®0s ' 100.00
% Sugar 5 78.71 10.51 Gitric Acid

6. 00 ' ' .80 35 cal ci um Phosphat e 0. 26,

0.03 Strawberry Fl avor rhe f°m“|¥baraﬁ’."69°°ntamf‘eg the aboyepdngredisnts

(col ori ng) is preparedd Odsing glucosamine Hidirbondl#eicostained in the
bi car bonat e .91 er

C.Caronale  sapg dgnggy g in Bxample Lo 1fisleps Ehe misture is used

cont ai ni ng t hetabdwake nghaQi @it sofs parbenatedsisnflyl drdsdni ne di cemplnhe
obtai ned 1§ thgotdatBoABNEEI apthAnEWaMne hbol® 530-A5 t RRJBnds! rid 4R

Lo ke | 120 oy Sl SaERISE R Tou b OIPLSied Sl S
about -3 m nut edrinkTlevgives=ar adout 2 volumes of CO; for each volume of
liquid.
o | | |
15 EXAMPLE 1V
DOWEX MSA-2 ion exchange resin (strong base type 1II,
"macroporous S-DVB sphéricai beads) is washed with 6N HC1
and rinsed with deionized water (DOWEX is a registered
20 Trade Mark). The resin is packed into a 9.5 cm diameter
column up to 80 cm in height. The column is then eluted
thoroughly with deionized water. 8 liters of a 5% solution
. of NaHCo3 are passed throﬁgh the column followed by elution
- with deionized water until the eluate has the same pH as
25 the deionized water. '
' 700 ml of a 20% solution of glucosamine
-/ hydrochloride in deionized water is lpassed through the
| column at a rate of 25 ml/minute followed by deionized
water elution. The;elﬁate_fractions (500-600 ml) having a
30 PH of 6.85-7.40 are collected, frozen and freeze dried to a
- final moisture content of 5.8-7.2%. The combined yield is- .
98 g. The freeze dried product has a chloride content of
2.0-2.5%. The average CO; content of the product is 60 -
ml/g. ' '



drink evol ves about 2 volunes of C02 for eam 15

LE IV DONEX MSA-2 ion exchange resin Est t\m‘m‘\ nacropor ous
VB spherical beads) is washed with 6N H mﬂ ““ . ei oni zed
er ( DONE}d %Leh;,p,gl stered 20 Trade Mar k) erdsifhis packed into a

.5 cmdia m-up to 80 cmin height. The colum is then &liuted
thoroughly wi'th deionized water. 8 liters of a 5% solution of ‘NaHQO3 are

passed through the cagl um K’Qﬁém@d bdrebﬂ&bsﬁlw';th deiyO&iaZ:%Mﬁ{ WYddt,
the eluate h:i_lls t he sams]n%e hIa zed wat tg‘? of a 20%
sol uti on %y‘fﬁ%‘&ﬁ'&? bcaf}ﬁ°ﬂ 8nr‘?83 Yt tﬁ‘%aﬂ‘&%ed

t hr ough themdlewjmd:ﬁ Flucdsamfn&Sorni éarimutesémhhewad Ay udeum i sebh tbdrer to

el ution. uat ( hay] 0 p fa.6 -4.40
are coll ect 38%# %ogbenéa}ﬁéd&%]é%zgg%gg@ {T%))'d ?Igéggtgnl stttTreegr(;.orﬁuecnt?SDo;
5.8-7.2% Tﬁé‘YG@M)i ned yield is 98 g. The freeze dried product has a
chloride content of 2.0-2. 596 The average [err] content of the product
is 60 m/qg. VE CLAIM 1. A nethod for preparing a dry carbonating

agent, which conprisé rea'%’?? e Bhedrebnatairohs WHEKedRe thd i GRKReTA &R

gl ucosam nei@r iga1acied WY NErddz@0@ePitgsol ution to form a bicarbonate
therein, and isolating the product by drying. 2. The nmethod of claiml,

wherein the bicarbonate is isolated by freeze drying. 3. The net hod of
clai m 1, wherein bi ca&bonarie imeshad eof catata it khelre ianbicarbaiatdyions

charglng a gkrogwééted with the amino moiety by charging a strongly
basic ion exchange resin with bicarbonate ions and contacting
the charged resin with an agueous solution of a mineral acid

salt of glucosamine or galactosamine.

4. The method of claim 1, wherein bicarbonate ions
are reacted with the amino moiety by introducihg carbon
dioxide inte an agueous solutxon of alucosamlne or .

galactosamine.

5. The method of clalm 4, whereln the aqueous
solution is obtalned by pa551ng an agueous solution of a
hydrochlorlde of glucosamine or galactosamine through a -
weakly basic ion exchange column and collecting the eluate
- fractions having a pH above 8. | _ W/

_ 6. The method of claim 4, wherein the solution is
maintained in contact with gaseous CO, at a pressure of from
about 276 to about 690 kPa for about 60 to about 90 minutes.

7. A dry éa:bonating agent prepared by the method
of claim 1, 2, 3 or 4.

8. A dry beverage composition capable of being
reconstituted with an agueous liguid to form a carbona;ed
beverage comprising as a carbonat;ng ingredient therecof,

glucosamine bicarbonate or galactosamine bicarbonate.

+
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basi c i on’'exchange resin with bicarbonate ions and contacting the charg
resin with an adueous sol ution of a nineral acid iﬂnluﬂunmuﬂﬁfﬂim’ne or
gal act-osaim ne. 4. The nethod of claim1, whereimil ' MWis are
reacted with the amino noiety by introducijg carbon dfoxtde"into*an aq
sol ution of\igl ucosani ng, or ggﬁ@g;gﬁgggngi 2 The nmethod of claim4, .
wherei n the aqueous solution is obtalne Sy nggitﬁg an aqueous sol ution of
a hydrochl ori de of glucosam ne or gal act osam ne through a weakly basic ion
exchange colum and ck®l ectGala¢ bes&hiab el baEbbR0%Navi Ng a pH above 8. 6.
The method of claim4, wherein the solution is marntdined in contact with
gaseous [err] at a pressure of from about 276 to about 690 kPa for about 60
to about 90 m nutes. 7. A dry carbonating agent prepared by the method of
claiml1, 2, 3 or 4. 8. A dry beverage conposition capable of being
reconstituted with an aqueous trqurd to rorma carpbonated beverage
conprising as a carbonating ingredient thereof, glucosam ne bicarbonate or
gal act osam ne bi car bonat e. 9. G ucosani ne bi carbonate: 10.

Gal act osam ne bi carbonate. : )




