SOLI DtACYULOSE Description The present invention is concerned with a
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encephalopathy and dietary treatment of newborns.

Lactulose is prepared as a syrup which after purification
15 can be administered. It would be more convenient, however;
to provide a suitable dry form of lactulose, which e.q.
can be packed in unit doses. The requirements for such a
dry lactulose preparation are stability, high purity,
absence of hygroscopicity.
20 :
Several dry forms. of lactulose have been prepared.
These can be classified according to the following main
types:
- lactulose on solid carriers; suitable solid carriers for
25 this purpose are vegetable fibers on which a lactulose
syruo is applied (e.g. by spray-drying) or an adsorbent
such as diatomaceous earth, adsorptive kaolin, activated
lignin, adsorbent synthetic resin or active charcoal;
- amorphous lactulose which may be obtained by accelerated
30 or.slow coolinq of a concentrated syrup of lactulose, by
spray-drying of the syrup, by caramelising of the syrup,
or by drying lactulose foam;
- crystalline lactulose, which is generally obtained by
crystallizing ‘the sugar from an alcoholic solution. A

35 ~ serious draw-back of this type of solid lactulose is its
*content of organlc solvent (generally methanol) in the
crystals.
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content of organic solvent (generally nethanol) in the crystals. -
Lactulose may al so be crystallized from an aqueous sol ution. -2-
Accordlng to the Japanes Patent publication No. 61- 104800 solid |actul ose
is prepared by concentration of a |actul osg solution of nore thgf G¥pssolid
matter at a tem perature between 60 and [err], subsequent addition of and
t horough mxing with lactul ose crystals to make up a final concentration of
94-98% and aging of the mxture at [err] as long as required for conplete
solidification of the lactulose, typically for some 12-18 hours. In order

to obtain a C%%E:%hl%%@tﬁ 34 QﬂsBoﬁﬂe&r&QEaiQith| ackepbpse apoul ‘}gﬁ%&?ﬂ?ken

up in an additional treatnent. I'n the European Patent p ation
No. 0 318 630 &@é‘ﬁ}%ngt hy method is described wherein |actul ose is
crystalllzed at a terrperature between 5 and [err]. Apart fromthe | engthy

pr ocedure p ur ot yd.el f L he
crystal I5 | ne pr d(‘?‘ g'b ﬁﬁﬁ %ﬁ"ﬂééﬁ ﬁg‘lleggt g%%%ép%2§3n€y d]t t‘.\'%@glout I on
actual |y crysteﬂdhizbs)lac'ﬂnﬁ.qaeesém iprepariedn hyovictncentradiomet lodd ®@o
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into a crystalline po In SI n- reparatlon ste by redyction of
t he wat er cont &ARBRFatyEso %?n (§[9[I 14 Wﬁﬁ%&é\&@qﬁl o ys-
tﬁl s. - Accor di NnGrd w&wgﬁmﬂxﬂwwwnadwmwstaahawmeze@ ian
that ”]Leo ' ed”Cth%%lo‘l:o%@%n‘é‘%a%&o%og%eé‘l-ss% and aging of the mixture at
35-70% C as long as required for complete solidification

‘of the 1actulose,'typically for some 12-18 hours. In order

to obtain a crystal-containing powder the solid lactulose

should be broken up in an additional milling treatment.

15
In the European Patent publication No. 0 348 630 a very
lengthy method is described wherein lactulose is
crystallized at a temperature between 5 and 40°C. Apart
from the lengthy' procedure, up to 60 hours, another

20 disadvantage is the low yield of the crystalline product
(less than 70% of the lactulose present in solution
actually crystallizes).

The present invention provides a fast method to completely

25 convert the lactulose present in aqueous solution or
suspension into a crystalline powder in a single
preparation step.

According to the present invention the method is

30 characterized by simultaneous continuous stirring and
reduction of the water content by evaporation of an
aqueous solution or suspension of lactulose, optionally in
the presence of seed crystals, until a free-flowing solid
powder is obtained.

35 N .
The resulting powder completely consists of crystal-water-
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by evaporation is carried out sinultaneously with contin- uous nmixing.and
s continued until the total of the material is converted into a powder.
The resulting powder conpletely consists of water- free lactulose and is
non- hygroscopi c. The seed crystal s which C?ﬂ be used preferablyuﬁéeo
conposed of crystal-water-free |actul ose. e starting sol ution Tay AZ%e a
| ow | actul ose con- centration which is increased during the process of
reducti on of t-he water content by evaporation and con- tinued stirring.

This reduction pfeé Pad@iPssé WMEN s Mot MBRFFEdGPLPr ef erably takes place
under reduced p[ges- sure, in ticul,ay at a pressure of le t han 200
mbar, more in pRti SR %¥y§€§aistﬁr CRocrFHbare HRe aEFGPSéingorﬁ%thﬁased
on total dry sutsesemt pmfentdlany preférably| exsl 86fpesddnws ceystal-

particular can b -££ast o -3- The optional addition of seed
crystals shoul d a%‘a pfacel% 1£%f"""csoph'centration and tenperature where no sub-
stantial3dissolution of the crystals takes place, preferably at a dry

substance cont efhei NstAetIRgul i son@idiet Wagy 8Gawdd 85%1dé h&cehfbséend
solution alread neetg thés Ia#he requj renent, hg sged crystals may be
present from t HECRETUERRTLR . WRLEN I ningYe pying| §h§dc%‘EP‘EFe§%n‘a§ on
t he product tempetettien andlfi sthé sowateént edohbentic bynt evapofatiignsubndiance

in the | actul os ' A a S | s, M8
ot toar | SoOLied e REHY MRS UabOEL6RTOE Und wates cBh¥BRE! By TOY
Duri ng ¥%e red RYIRPrtieMProfierakly takes place under reduced pressure,

in particular at a pressure of less than 200 mbar, more in

particular at less than 100 mbar. The lactulose content

based on total dry substance preferably can be at least

80% and more in particular can be at least 95%.

15 ' .
The optional addition of seed crystals should take place
at a concentration and temperature where no substantial
dissolution of the crystals takes place, preferably at a
dry substance content in the solution of between 80% and

20 95%. If the starting solution already meets this latter

requirement, the seed crystals may be present from the
- very outset.

The amount of seed crystals added depends on the product
25 temperature and is also related to the content of dry
substance in the lactulose solution.

Advantageously the content of seed crystals may amount to
at least 1% of the total of dry constituents, preferably

30 1-5%. During the reduction of _the water content by
evaporation the product temperature should be maintained
below the decomposition temperature of the lactulose, and
preferably should not exceed 70-80°C.

35 During the process the viscosity of the material increases
dramatically, especially at the onset of the
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tent by eﬁaporation t he product tenperature should be nmaintai ned bel ow t he
deconposition tenperature of the |lactul ose, and preferably shoul d not
exceed [err]. During the process the viscosity of the material increases
dramatically, especially at the onset of thge crystallization Pr 8¢8RS a7
Therefore, a very powerful mx- ing equipnent is required.. The 7€ uctign by
evaporation and sinultaneous mx- ing is continued until the total of the
material is converted into a powder, and preferably until the water content

is less than 1%bystelibzatibe mrosdsy.| There®oikdl 08 vy IRwdr RNAMEting
accord- ing to é&@iﬁéﬁ?“isi ¥&g§.|%&| can be used for pharnmaceu- tical

pur poses either Fn erTormo ’E) al maceutical conposition or in the form
of a food product, either for human or for veterinary applications. EXAVPLE

CrystallizationrRé raahet9ef BY 'evraporatllon Wkl SY{mPL©dinédud MhikPhg is
| act ul osg con- cent atl%n of i ‘i’?ﬁ) b%%‘{mﬁght was concq}r;ét@:at ed In a %ry- I ng:
equi pnen? type FPREHENeR Hpkdl) r dopr &heymat 1 {3 ncenyegked
(absol ut e) iat aineopar powder, ahaspréhﬁnabeyrimuﬂu théhﬁeﬁﬁlﬁnbbﬁtéﬁﬁ 0é
approxi mately 85% by. Lohd , i ok 100 m nutes. The solution so
obt ai ned was segé%% %#?% g%4biiyégb%€ystalline | act ul ose and the
concentration by evapora- tion was continued for another 40 mnutes at
[err] The end prréusty#Esl Find iR RAVAY pblrbBropradsFed UK aitg t8%tne
10 present invention can be used for pharmaceutical purposes
either in the form of a pharmaceutical composition or in
the form of a food product, either foq_: human or for_
veterinary applications.

15 EXAMPLE

Crystallization of lactulose

50 kg of lactulose syrup of an initial 1lactulose
20 concentration of 65.3% by weight was concentrated in a
drying equipment type M2A100 (Riniker) at reduced pressure
lower than 0.2 bar (absolute) at a temperature less than
60°C until a concentration of approximately 85% by weight,
which took 100 minutes.

25
The . solution so obtained was seeded with 2.4 kg of
cryétalline lactulose and the concentration by evaporation
was continued for another 40 minutes at 65-70°C. The end
product was a white powder with a water content of .8%.
30 | -
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Claims 1. Method for the preparation of water-free crystalline |actul ose by
reduct--on of the Watjmﬂmmnlum"lﬂmr oration of an aqueous |actul ose
sofution or |actulos onally in the presence of seed crys-
tals, characterized in tHat"“th& reddction By evapora- tion is | ut
S|nultaneously W th continuous mxing and 1s continued until the total of -
the material is converted into a powder. 2. Method according to claiml1,
wherein the reduction by evaporation takes place under reduced pressure. 3.
Met hod accordi IQLAIMSC| ai m 1- 2. wherein the reduc- tion by evaporation is
continued until the water con- tent is less than 1 % by wei ght -6- SCLID
LACTULOSE ABSTRACT The present invention is concerned with a nmethod for the
prepar ati on of lerysiethgs eforr cther phepamatdonacefl eeystakwatenifreean

ageous sol uti ojreistalAeesi OIhé’éui&é‘é uleﬁsﬁetétﬂyéaan%?us sfﬂﬂiﬁdr%bﬂg the

wat er cqnt ent b \v,a orat| con |nu8 trrrln tionall t he

presenc® of se segﬁgppgéap e 6 ﬂ%ﬂﬂ%? CARtied.
evaporation of an aqueous lactulose solution or lactulcse _
suspension, optionally in the presence of seed crystals,
until a free-flowing solid powder is obtained.

10 2. Method according to claim 1, wherein seed crystals of
crystal-water-free crystals of lactulose are present.

3. Method according to claim 1-2, wherein the content of
seed crystals amounts to at least 1% of the total dry
15 constituents.

4. Method according to claim 1=-3, wherein the reduction
by evapération takes place under vacuum.

20 5. Method according to claim 1-4, wherein the reduction
by evaporation is continued until the water content is
less than 1% by weight.
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