A METHOD FOR INDUSTRIAL PRODUCTION OF BIOCATALYSTS IN
THE FORM OF ENZYMES OR MICROORGANISMS IMMOBILIZED IN
POLYVINYL ALCOHOL GEL, THEIR USE AND DEVICES FOR THEIR
PRODUCTION 5 FIELD OF THE INMENTION The present invention
relates to the method for industrial production of biocatalysts with
a meTHGHOREEVEnBIERALIN SREOEMT A IBHMORILZREI SRZEMAS 12 THERNCEIARI MNES oR
MICROOKEUROOHE aenid HIly ¥y 13l Cohohitrae | BrshticiEriSe mird RGO AN DEVICES FOR
THEIR BRADStTabproduction device, which enables optimization of the volume and

area of a biological carrier according to the extent ‘ofbibtogicallY active
Material, whichifidtideS casting mechanism situated in front of a drying
channel, threligh,Whieli a continuous conveyor belt runs. 15
BACKGROUND OF THE INVENTION The encapsulation of micro
bacteria using a polyvinyl alcohol Carrier or a polyurethane carrier is

5 krﬁﬂﬂﬂj‘@]f'ﬁﬁﬁ-lﬁ%ﬂ?,w for the produaibn Of 20 a biocatalyst with

bicilbgiballY active material™in the forth' cif microorganisms, enzyrneS;
-spores and/or cells, which are liacetilli polyvinyl ‘alcohol gel (referred to
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compared to gel bodies formerly known, particularly in terms’of abrasion
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kinetically suitable lens-shaped 30 form is possible. So the gel body =~
prBERREUNG fitmtaRcetRRSioh Ridlegiealivr anke tramtedabrarhiciningludes a
VRIS IEEENENEIANSHITERG FPFRAY SR 2dR g hiasmsr Ixmqumm a
to the lenticular shape characterized by a largé diameter and low Height,

pIRHHRIAUS ERNVENPHPBIbIYGRally active material is always situated

15 closely beneath the surface, which provides its reactive and kinetically
u rrangement. The biotechnological 5 procedures, which utilize
pﬁ%@é@‘%&ﬁ&&%@i&éﬁ% B material, are known in the field.

The encapsulation of micro bacteria using a polyvinyl alcohol carfier or a
polyurethane carrier is known in the field: The method for the produétion of
20 a biocatalyst - with - bioldgically ~active ' matefial” in- - the" forfi" of
microorganisms, enzymes;'spores  and/or cells, which are"placed “in
polyvinyl ‘alcohol gel (feférred to™as “PVAgel” in the further! text)y i
disclosed in CZ patent"‘2'4@))'“15:79;'”PVA-’géI as a gel carrief for blolo‘g‘lcally
active material is highly " suitable' for the production' of ~chemical
25 Dbiological catalysts. The gel bodty manufactured according to this method
' proves higher mechanical stability compared to gel bodies formerly
known;,’ particulérly in terms of abrasion resistance and tensile strength.
Owing to the above mentioned improved mechanical properties, the
production of a gel body in a reactive and kinetically suitable Iéné-éHébed
30 form is possible. So the ‘gel body produced is firm and abrasion resistant
for more than several months, even at high revolution stirring, compared



The utilizations of the above mentioned carriers in the process of
removing of nitrogen from waste waters are known. Such utilizations are
described, for example, :in EP0758680 (porous cellulose derivatives), 10
WO009508513 (polyvinyl alcohol, vermiculite, polyurethane) and
CN1076488 (polyvinyl alcohol). The mentioned carriers are used (usually)
iri the immobilization-Of Faretivated' Sludge; whildh ie enriched in
various ways, in particular by nitrifying baCteria'(sekl'fbr examPle,
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Bacteria by Polyethylene Glycol Prepolymer Journal of Fermentatron and
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20 arrhizuz, or oryzae is a good lactic acid producer. The indisputable
advantage of it, compared to bacteriva, is the fact, that it produces just

acid L(+). However, the fermentation mode is aerobic (high sterile air
preparation requirements). The aeroljc mode of filamentous fungi can be

an advantage in the event of direct lactic acid calcium salts preparation,

25 during which prolonging of fermentation and decreasing of yields can
occur as a result of inefficient neutralization (weak stirring) in the case of
caldioweverbdhatextdattey e GptcHiR@usenmtfidiciarhseledyaldafiier with
132, 1992). .. The advantage of bacterigl fermentation is its anaerobic )
mdSST N8 IO, AP IS BIRRRGN, ColrotanmiaBHPersHigments, is
reqaiessttial Pacienster, thartieolzsty aniobecdlvst s icfoaemiert@asons. The

su ubstrate (glucose, 4 sucrose, lactpse) at the temperature of 30C
o SO, AR NG eSS oL A0 X b innboNate the
acbottting dbaﬂrlemt(d;_ehmmerhféigiﬁr(la)@mimadw m@@wtﬂ% same
pr 0 mebilization of microorganisms by encapsulation intQ
ge?%ﬁ%b%r% g gﬂ:eugfg ﬁ!e %etrr?cr)%%ymlﬂicﬁ%?%ﬁe%é@biﬁ%&%@age water by
coimognkilizedinceiieactbewittinimal bimhmmgrulyﬁhdarﬁélil’lqmmty‘ement for
fer j Thi consists.of enclosipg cells into capsyles

or e BB RO WSk RRTER, L Bkl e e e used
camieasurendtrool, whiobemizarssribiad tbearratibilef sheudiariacs $ty thesusigne of
thefree diffusi f nd. products to.the encapsylated celis.
|mﬁ%b‘?ﬁ3§%§m§?§%§§% Jlrh??(;g | earéglrtoé%r |aet%¥s§c nt lﬁg\}m Ifa
Adenseshippadserdrarciashapkdnsapiaitisessadyifets 0 iecwlyatddia be

N , - Enivin'elMierabial- | 16, 457466,.1994:' Richter, k.
o 50 AR E B MR DB 4 IRCOEEN el o
cnétmemmmm@s T8M(R)Y3LE82Qutabied ulystiglavider@s®hevaters,
SYBURGTISIGREIS %@ﬁéﬁlﬁtéﬂﬁfﬁ%‘&?ﬁ%@ed'ma 7, 164468,

m e In the 10

1985). The iImmobilizate€ are produc i o balls with diameter
frofvneihes eismative s of argpbicrties ielbiateoheldltugya frackssas is in
SOJHL f | 2ds | t the bell- 20
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bdlsthenfoamhorhgenaeautieaisanst obethioad industynseqongst others. Lactic
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suitable method of immoblﬁgtion is lactic bac?%%na gncapsur oh Mio'a
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biodegradable, has excellent mechanic erties, there are

nFEVREAgR LR, rRRRRAGRMI b astaniteh dvélerigebrthatabilisotRmes Bust
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preparation requirements). The aerobic mode of filamentous fungi can be
an advantage in the event of direct lactic acid calcium salts preparation,
during which prolonging of fermentation and decreasing of yields can
occur as a result of inefficient neutralization (weak stirring) in the case of
calcium carbonate (Mattey M.: Critical Reviews in Biotechnology 12, 87-
132, 1992).
The advantage of bacterial fermentation is its anaerobic mode, hence the
simplicity of cultivating devices and lower sterility requirements. Bacteria

of the genus Lactobacillus, which convert a sucrose substrate (glucose,
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30productive microorganism (assures a high viability of the microorganism
after immobilization and a high rate of surviving microorganisms after 5 -
5 - immobilization procedure), because the cross-linking of the matrix
occurs in a stream of drying air and thus replaces the currently used
procedures of cross-linking by freezing (Pat. DE 43 27 923) or hardening
in a system with boric acid (Pat U.S. 5 290 693). Furthermore, the
lens-shaped form of 5 immobilizates assures optimal loading of the whole

VLRSS tt%ﬁﬁréteét%éﬂ%mpwwmr@ormw@rrdtmmtmctmmth
of lactic acid. The |mmob|I|zate aredoq%niﬁls method, be use

reEare b ot koAt ek Bt BACYNLED o%@r%%mes of

rodtRR BRI DN EFiR uBéﬁG@thQﬁraIbrd&é&Hb%? 2005
described high 10temperature Bacillus c%ygulans lacti aC|d rod

AR ISB O QAR Y AV RS UG R L™
YRt SoPAeS AEIRNEE Safitevisiedides dhkehippratsnioncsgtraitingsinicractor

oAUBB oA GRS B TG LR OE 8 D bR aftnod
ete@ﬁerl % btf’éttrrd@rm@atfrgl@@us thmbead frsafdweef amladmaherpsydlﬂmebo gels. The
also the foundatjon o roductiop for indust I
oS BRR HST IR SR DL RSO gl iage does
Erﬁeu@el&@f fmwehraﬁhdaml isiytionduding deofree mifhitiors oha subbeirate
acterial producer ethanol. It is a gram-negative 20 facultativel
(ﬂff&%ﬁ%@@%%ﬂ? Ritiated g %ﬁ% adva?l?alg\g/ees comap():ajreatlj It/oe ;//easts
faﬁﬁ?ﬁ&ﬂﬂ@tﬁ&ﬁ;ﬂ@d&(b&b@i&n&ﬂg Idifferenibmasieps dductioahntlyidinawn.
specific rates. of substrat lizat d t
RPN Bl 58P P A DR B e A Gl iy et G
mqf&haﬂ” ﬁesgbt:atse Enzlymar:therbb:aieTéﬂantmﬁ (460666 Hag; Rirher,
ally In thi ath
% 3l A f%%ﬁtﬁ? Croﬂga%ﬁ 41 @Fta%lt? P é Y al.:

2 moleS hahol moles of CO2 and
or@ﬂenta%ehﬁm 'Emg n@tatﬁal(ﬁpaﬂiﬁ-lﬁﬁwﬂ%’k)tlaradtrpomaclﬂﬂ@ﬂllﬁ@%eOf ‘the

Cha t%%? ato. b'cfg‘rgs(sraFdA“ Lk e InereasrAdR RN FaCHIIIYCiss 168,
1985) The rmmobrllzates are produced in the form of balls with didmeter
from 3mm to 5mm, usually by dropping the relevant gel into a hardening
solution. However, the disadvantage of such methods is that the’ ball-
shaped form of the immobilizates causes diffusion limitations iriside’ the
balls. The whole gel 'volume is not used and as a consequence, the
microorganisms only grow just under the surface of the ball. R
Another suitable method of lmmobrlrzatron IS Iactrc bacterra encapsutatron
into a polyvrnyl alcohol gel Thrs has numerous advantages compared to
other carriers. First of all it is cheap, nontoxrc for mrcroorganrsms hardly
brodegradable has excellent physrcal mechanlcal propertles there are no
srde effects on mtcroorganrsms and it shows Iong term stabrlrty (Pat DE
198 27 552 8). Furthermore, the immobilization of cells by the method
according to the above mentioned invention is considerate to the
productive microorganism (assures a high viability of the microorganism

after immobilization and a high rate of surviving microorganisms after



30alcohol/g glucose) is raised to 0.49 with bacteria, and is usually 0.44
with yeasts). 6- 5A - Fermentation with the assistance of free Zymomonas
mobilis cells can occur in batch, semi continual and also continual
operation modes (Rogers FL., Tribe B.E.: Pat. U.S. 4403034, Rogers P.L.,
et al., Pat. U.S. 7 4443543, Salzbrunn W., et al., Pat. U.S. 4876196;
Builock J. D., Pat GB 2075053). To date, research interest has
focused on the increase of microorganism productivity and on modifying

the ipiraOBRRRISP bR MAeBIAT SeYC a5 \dHo S AR O YREOMSIX occurs
example cell recycling, the use of flocculating microorganisms and

etc hReSHEEM, & ARG @ip 3 dy o EepIRcRR 18 UTTently wegd precedures
444554-BssEhedagnsnediesnmqeust Ethagod7oassunwatedrimg lifbdystem

medium and is isolated almost entirelégbi:ldistillation. It is desirable durin
a

orol GRS ARIbA B Mitrod 29N GGl HEEBAREniS ISBFSRERRF Torm of

5sedimeiisiliontes akueitdo fitnadioibaoithdheflikes witdmstvisigaid f e carrier
arriggement and the technology used. Elevated insoluble content,

incriOhsEe AN METERPFEENIR AR AR dhGsREORURIRIL gl BloHEids The
(fouting shitlze@stiiepaerabytupidonsiingHeteh iDereRsesreseatedRN e batch,
requirements, 15 and can also imz{l?JFnce product quality. On the other

e TSR B A P BT SRR SR RIBL B RBved. The

ethRudgrbdustiongats. iBibtecHyigirapartanal 6 §1eUmoR006f Mémassdrhigh
a fermentor, It mt—;%ns, at with corzstant onditions, increaged biomas

10¢onteMPEIALEE sHOREHAIY FAREHRHE nBGEE (R PbaREABHIRR giveih  cells
amaunisieteanial lssQnhagddRvnegends, enabling biomass

g R R
gel eacriessgdmisnmeeibitic drasedlencceds vt apsotaieoandtothaiusakeharides
e el e B e S AT e o
15difftiseo probacidsishietaanopr dhis e tmtheativca s tieiedhsisllsfaser and wine
ensbjrrgguction but also the foundation of ethanol production for industrial, food
and fuel purposes. Recently, growing interest in technologies using
bacteria as producers of ethanol has been noticed. Zymomonas mobilis is
one of the bacterial producers of ethanol. It is a gram-negative
20 facultatively anaerobic microorganism. It has several advantages
compared to yeasts: faster growth of biomass (but generally lower
biomass production), higher specific rates of substrate utilization and
product creation, it does not need a monitored oxygen supply and
produces less side metabolites. It metabolizes glucose and fructose by the

25 Entner-Doudoroff path, which usually occurs with anaerobic
microorganisms. In this metabolic path one mole of glucose is converted

into 2 moles of ethanol, 2 moles of CO, and one mole of ATP. This
metabolic path minimizes the amount of glucose changed into biomass

and in that way increases the ethanol production. The real yield (g

30 alcohol/g glucose) is raised to 0.49 with bacteria, and is usually 0.44 with

yeasts).



Immobilization of the bacteria genus Zymomonas in various carriers is
currently known. Above all, these are carageenans and alginates of the
natural gels (Cheetham P.S.J., Pat. U.S. 4393136; Chibata I., Pat. U.S. 30
4350765; Kikuta M., Pat. U.S. 5990181; Yamada T., et al., Pat. U.S.
4680263) and polyacrylamide of the synthetic carriers (Yamada T., et al.,
8 - 7 - Pat. U.S. 4680263; Cheetham P.S.J., Pat. U.S. 4393136). The
immobilizates are usually produced in the form of balls with diameter from

3MirdigrEntatiorosihbihdr et rIe ey FBlidenemasdenibdis cells can

solution. However, the disadvantage of such method is that the ball- 5

shapeeHforth SR oBRTHEORINES BRGsiBISAmAARRRYahsRRSTAGS, gI0des
TheRrtwgéesor! volvatR D It pegdUos cel doadingruskeo FeEquanly, g U.S.
microorganism only grows just beneath the surface of a carrier-ball, and
does not load the whole volume of the matrix. A suitable immobilization
method is encapsulation the bacterium 10 Zymomonas mobilis into
polyvinyl alcohol gel. This has a number of advantages compared to the
other carriers. First of all, it is cheap, nontoxic for microorganism, hardly
biodegradale, has excellent physical-mechanical properties, there are no
side effects on the microorganism and it shows long term stability (Pat. DE
198 27 552.8). Furthermore, the 15 immobilization of cells by the method
according to the above mentioned invention is considerate to the
productive microorganism (assures a high viability of the microorganism
after immobilization and a high rate of surviving microorganisms after
immobilization), because the cross-linking of the matrix occurs in a stream
of drying air and thus replaces the 20 currently used procedures of
cross-linking by freezing (Pat. DE 43 27 923) or hardening in a system
with boric acid (Pat U.S. 5 290 693). Furthermore, the lenticular shape of
the immobilizates assures optimum utilization of the whole volume of the
carrier for the growth of microorganisms and the production of ethanol.
The immobilizates 25prepared by this method can be used repeatedly in
batch, semi continual and continual fermentation modes.
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RebroS M. et al., Left. App!. Microbiol., 41, 412-416, 2005 described
immobilisation of Z.mobilis in PVA lens shaped particles. The authors

found that nine times higher productivities were reached in batch mode
30(43,6 g 1-11-11) and three time higher in continuous mode of operation
(30,7 g 11 h-1), compared to a free cell process. g- 7A - Using

ball-shaped form of immobilizates, ethanol production was
77Mgethanolinligel/h with the aid of Zymomonas mobilis immobilized into
CarRSSARNSHIEHANN bV Weidgilt, dP shelgBcasy 61aBuBuiloalc00m] Pat GB
batch reactor filled with 20m1 of immobilizates with an immobilizates
di%ﬂ?é@?%}-s 4mm and a temperature of 30C, (Chibata I., Pat. U.S.
4350765)T¥heatel 0 theganetiudatensst imnambitvesédto sodihe diyirease of

where wet cell weight in the immobilizates co ise % -
WQ'EQ%&E%O%@%@B@&) B8%t Q% cg}fr;\[/av%?gjhé)j, t%ee/ p%}ﬁéﬁ%%ent of
ufeRh AN clevichsonithvaar®dd innovations; for exampiehegibregicling,
the batch i% tem, which after 5 recalculation Iggrr?qé r}ga

e

OB RS LR IR P R R E RS 50 €074 7 e hané‘o/%%gm%vthﬁ:lﬁ Pat.
afte)ligd 18088 LURGgeredPrespetrals MAU@e‘ﬂﬁdlﬁrﬂllfMtge_! /h (Cheetham
Rk A S AT BB g anc
fristgssidtoth alromste duytitetyhblp distillation. It is desirable during product
isolation to reduce considerably the content of biomass by sedimentation,
centrifuging, filtration and the like, without regard to the arrangement and
the technology 'used. Elevated insoluble content iricreases’ distillation
energy requirements, causes technological problems (fouling of the
distilling apparatus, foaming efc), increases maintenance requirements
and can also influence product quality. On the other hand, maximum
efficiency of ethanol production must be achieved. The ethanol production
rate is directly proportional to the amount of biomass in a fermentor. It
means that with constant conditions, increased biomass content causes
shortening of the time needed for production of a given amount of ethanol.
One of the methods, enabling biomass concentration in a reactor without
biomass growth in a thoroughly fermented medium, is microorganism
immobilization by encapsulation in gel carriers. This method is based on
cells encapsuléﬁon into natural or synthetic gel capsules. The cells size
must be bigger than the pores size of a carrier so that cell release did not
occur, but simultaneously free diffusion of a substrate and products to the
encapsulated cells was ensured. | o
Immobilization of the bacteria genus Zymomonas in various carﬁérs is
currently known. Above all, these are carageenans' and alginates of the
natural gels (Cheetham P.S.J., Pat. U.S. 4393136; Chibata |., Pat. U.S.
4350765; Kikuta M., Pat. U.S. 5990191; Yamada T., et al., Pat. U.S.
4680263) and polyacrylamide of the synthetic carriers (Yamada T., et al.,
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10 immobilized enzyme invertase. Sucrose is a storage disaccharide
present mainly in sugar beet and sugar cane. It is used in the food
industry and also as a substrate in fermentation processes. It is composed
of the monosaccharide glucose and fguctose. Sucrose provides these
monosaccharides by means of hydrolysis, for example by enzymatic 15
hydrolysis using the enzyme invertase. Its use results in the creation of a
mixture of glucose and fructose (invert sugar) which, compared to

norplaydralyged 38e0EEs bricgeathamber of advapirgess. decieae836). The
production of crystal turbidity, increased sweetness and usabijlity in

ferrffBRaRBE 5 s UBih RaduaRd BrdbRclorBh ) hlisruikr dirmetsr from

invesitase to/hBrrmremesigcysiabieppiad se foerneivse By dredysis. Hdidening
is the reason why the enzyme becomes one of the biggest economic

itentOiIRRE PrYRYSh JPEILISREYANRSS SR IEHIgdmih bR 4h6n Pall-
megashetitiisrangy mervovieas snediglesuggresibnanditatibesmesriditise balls.

possible to make the 25 whole production process continuous and b@/ that

remarRaBf Al Rl SYOIBF B VL ESEITRE ARYSIGRCR ARALCRasRAAM e the
is crarsdinganishheMpsirowsMeniyesedterass-E0kiagageatsarger-ball, and

polyamide (Sou M, et al. JP58086085, Rohrbach R.P. et al. US 426842),
glul‘féglﬁg é%afmfbe[y%iﬁ %P %649f4 %?%%ymers with uncombined

carpoxglgresles (Mevsbliz30drS #16iFA0),.ipolpmeipsuitdtionoxite gesrium
(Mayz 0. US 4931476), immobilization int? fqto croas-lwwkin bitumens
(Ku s Tellei i N f)lnto polyvinyl alcohol gel. Is has a number of

advantages compared to the other carriers. First of all, it is cheap,
nontoxic for microorganism, hardly biodegradale, has excellent physical-
mechanical properties, there are no side effects on the microorganism and
it shows long term stability (Pat. DE 198 27 552.8). Furthermore, the
immobilization of cells by the method according to the above mentioned
invention is considerate to the productive microorganism (assures a high
viability of the microorganism after immobilization and a high rate of
surviving microorganisms after immobilization), because the cross-linking
of the matrix occurs in a stream of drying air and thus replaces the
currently used procedures of cross-linking by freezing (Pat. DE 43 27 923)
or hardening in a system with boric acid (Pat U.S. 5 290 693).
Furthermore, the lenticular shape of the immobilizates assures optimum
utilization of the whole volume of the carrier for the growth of
microorganisms and the production of ethanol. The immobilizates
prepared by this method can be used repeatedly in batch, semi continual
and continual fermentation modes.

Rebros M. et al., Lett. Appl. Microbiol., 41, 412-416, 2005 described
immobilisation of Z.mobilis in PVA lens shaped particles. The authors
found that nine times higher productivities were reached in batch mode
(43,6 g I'" h™") and three time higher in continuous mode of operation (30,7

g 1" h™"), compared to a free cell process.



11 - 9 - and embedment on various matrixes by the help of a cross-linking
agent, such as immobilization on glass balls by the help of glutaraldehyde.
(Toshiyuki Y. et al. JP58179494). Other methods are the covalent
attachment of invertase on silica gel particles by the help of 5
glutaraldehyde (Thibault P.A. EP 0231668), covalent bonding by the help
of disulphide bonds on organic and inorganic carriers (Cormier R.A. et al.
US 4176006), covalent binding by the help of organosilane (Ho G.H. et al.

US Y3i04bdlIcsivaiitt bioding by tenelsbafdisddehrteapoicefibase i was
lignine materials (Monsan P. US 4405715) and covalent binding on 10

dialkfASinsait)led Wb hepmid 6F. Byaamengsaanys) Mmebiized into

INVepsgauna RISAtnnIoki bhred &y Asormd g desexaslendnim ans00m| batch
from animal bones’g;mdla y Ch. J. US 5037749% Another method is

endRsiRLiP e 2 thul Rt ARRRHFA e R Ry THRPHRRLES glpmeter of

5(0bangntaret altelpefafzd st 300angahibhtati al PHS 9 569050 163N 1qVAsH
polyurethane polymers (Hartdegen F.J. et al. US 4098645). Combined

techniques, such as for example adsorption of an enzyme on cotton
treated by polyethylenimine and subsequent cross-linking by
glutaraldehyde (Yamazaki H. et al. CAI203187) also have practical usage.
20 The use of PVA (polyvinyl alcohol gel) appears to be a very good
alternative. The invertase was successfully immobilized into a carrier with
a solid center covered by PVA gel (Yamamoto H. and koet al.
JP2005042037). Foto cross-linking PVA mixed with polyethylene glycol 25
was also used for covalent binding and invertase enclosing (Ichimura K.
JP 58152483, Suehiro T. et al. JP 1252285, Izumida H. et al. JP
1071491). A PVA matrix can also be cross-linked by boric acid, whereas
the invertase is encapsulated into the gel (Guocheng Ch. et al. CN
1076488), or by drying (Ishimura F et al. US 4727030). 12- 9A- RebroS
M. et al., Food Chem., 102, 784-787, 2007 described a similar drying
method applied to lens shaped PVA gel entrapment of this enzyme. 5The
authors reported excellent stability in long term operation and storage of
immobilized invertase. Other methods have also been used combined
with cross-linking (Tsutsumi S. et al. JP 2046288), or with the addition of
vinyl acetate 10(Moriya T. et al., JP



13 56113290), vinyl amine (Moriya T. et al., JP 56113292), or
aminoacetalized PVA (Yamauchi A. et al. US 4307151). An alternative
use of a gel carrier in biotechnological processes is in the method of
glucose production from starch by thgphelp of immobilized 5 glucoamylase
enzyme. Starch, the nutritive storage matter of plants, is one of the main
sources of glucose in food industry and also in the fermentation industry.
Starch comprises two types of molecules: amylase and amylopectin.

Antlyeapeoducerwias mwmzabmﬁfswmkr)?/a@iﬁ@t@li W@Z@ lﬁlgtbceléI weight
comprises up tq 1 0Q0 glucose units, Jink a-1,4-glycoside onds. .
Third eaWﬁb%&%(iggre%%W@rgﬁr@Ig@e???n Y]ic@f?‘épﬁrt Y&k, cell weight,
alebybspmnts Honds i drglyetisideigondswy erdsudtvitgashdéie the same
numbey..of glucose units. in the chain is up to, 10 000. The process of .
stare c!'gvov ma%%%llg:‘é?regﬁﬁ@ﬁila adR iﬁ%@r%@mtigx FlBeshduch after
5 coreisteulation sepespotivsiicsO8engsiasmig/afaniomlthewoatmbsthode
by the help of endogenzyme a-amylase,. which rgndomly dissociates
a-éﬂ;l é’%‘?ﬁ’hds a‘?’h'ﬁ%h%g?rqutlgl[hréecﬁi?é'%té‘%ioﬁ%%%@gwé to 94
fomasirn.oitigxthinChee thararRI§dsaeah & stadB1dERrent chain ;
length econd step, dextrins and oliggsaccharides are dissocjate
o R e PR B SR e the
uninettndcodmytasitigsghiatmebatid sflidtosanfrord  Stgisessithy thadselp of

H .a-1,6- i lyzed at a much lower rate. The
1o MNP AR S LA SR T
prégatdy fiaugan et eﬁgllmtgany:lane.dhigmeqmrépaimidooaawd}jsﬁrysand
j t [ itable i obilization o
o s et Ot Bt SR T eaiosed "ot the
wHorRNpessehatgdatinghicosmificnd infoucteseentSusrbsen qrbvdes withese

SRS B RS Aroh N AT ) e

15 DdmidppyeissusBgstE] eRymmdhvertalse). Bs 4863#423)fs in the creation of a
mixture -of glucose and fructose (invert sugar) which, compared to non-
hydrolyzed sucrose, brings a number of advantages: decreased
production of crystal turbidity, increased sweetness and usability in
fermentation processes.

20 In industrial practice, enzyme preparations of invertase, which are not
recyclable, are used for sucrose hydrolysis. That is the reason why the
enzyme becomes one of the biggest economic items in the production of
glucose-fructose sirups. Suitable immobilization method of this enzyme
provides multiple use of it, and furthermore, it is possible to make the

25  whole production process continuous and by that remarkably increase its
effectiveness. The most frequently used technique is cross-linking. The
most commonly used cross-linking agents are polyamide (Sou M. et al.
JP58086085, Rohrbach R.P. et al. US 426842), glutaraldehyde. (Lee D.M
et al. US 4749653), polymers with uncombined carboxyl groups (Mauz O.

30 US 4767620), polymers with epoxide groups (Mauz O. US 4931476),
immobilization into foto cross-linking bitumens (Kunihiro 1. JP55023941)



glutaraldehyde (Lee et al. U.S. 4749653, Nishimura et al. U.S. 4888285,
Rorvah et al. K.R. 8601229), acryl or alyl agents (Boross et al. U.S.
4794083, Selemeneyv et al. RU 2204600), by means of which the enzyme
is anchored on an inorganic or organi¢ matrix. The usage of adsorption
methods (Abdullah et al. U.S. 4226937, Kumakura et al. JP 61060700,
5Motai et al. J.P. 59232092, Selemenev et al. R.U. 2181770, Kimura et al.
J.P. 63056297), and also membrane reactors with immobilized

glueprienssedrheanas eaabud. matAiRE23X) PRl T Becsudahigking agent,
RebroS et al. (Enzyme Microb. Tech., 39, 800-804, 2006) described

sucEHSBAASIMBIRLERIPR B0 AR5 AbRTS: O iBReBRcSiealirBlfghy de.

10 {grorpRfigation inctepgateR 3817404} In CEMdNURBSHBGSs e EORREAt B alent
They described 55C as a maximum temperature for PVA gel immobilized

enAHRCARENatith iMYERESEoI RO NS ERcaS8liIaBBH IR chBioldfcale!P  of

5maigilied eNSeRgEAITHibiuIR BOA SERCRES BBBRIS usedoninsyuiYifey by the help
micrgori anism immobilization, is entirely absent 15du_ring glucoa_%ylase
S

imnPb SR 4RGISHBARAR PURFRAREBES IRREAEHRSBIGSE? SrOPRiRIsT - et al-
eNzyH e} i5768916) VirVsho BintAY Batthetsgs oAbraghatwlivee st aG aHgelt al.

o s B by ARBTG5 etutose
galaeiaiignaeceinasdass f(Moraeaiose. J0BItIGEIY H)eahelcobimpbititkitg on

1oS@ﬁ@ﬁ{;‘}%ﬁ‘f@%aR'ﬁa%%'ﬁ%@s%'afé%%?n'ss YREzEr B B4, The
invertase was also immobilized by adsorption; for example on a matrix
from animal bones (Findlay Ch. J. US 5037749). Another method is
encapsulating cell lysates with high invertase activity into alginate gel
(Obana H. et al. JP 57163484, Chang H. N. et al. US 5766907) or into

15 polyurethane polymers (Hartdegen F.J. et al. US 4098645). Combined
techniques, such as for example adsorption of an enzyme on cotton
treated by polyethylenimine and subsequent cross-linking by
glutaraldehyde (Yamazaki H. et al. CA1203187) also have practical
usage.

20
The use of PVA (polyvinyl alcohol gel) appears to be a very good
alternative. The invertase was successfully immobilized into a carrier with
a solid center covered by PVA gel (Yamamoto H. and koet al.
JP2005042037). Foto cross-linking PVA mixed with polyethylene glycol

25 was also used for covalent binding and invertase enclosing (Ichimura K.
JP 58152483, Suehiro T. et al. JP 1252285, Izumida H. et al. JP
1071491). A PVA matrix can also be cross-linked by boric acid, whereas
the invertase is encapsulated into the gel (Guocheng Ch. et al. CN
1076488), or by drying (Ishimura F et al. US 4727030).



mammals. It is commercially produced from cows' milk (with a lactose
content of 4.5% to 5% w.) by extraction from whey (Baldrick and Bamford,
25 1997). Lactose present in milk and milk products represents an
important nutritional item. It supportsithe growth of Bifidobacterium sp., it
is the source of galactose needed for the production of galactolipides and
galactooligosaccharides, it helps in calcium absorption, etc. (Maldonado et
al., 1998). It has a low solubility and it crystallizes at a 30 concentration of
more than 18% w. That appears to be a problem, 1511A - because the
lactose crystals cause a disagreeable sand-like texture (Zadow, 1992) in
the production of dairy products, such as condensed milk and ice-cream.
ThiRisoifiss reasen AhyHaewseHardrolysis, ig sghlrdemigbladserinesea similar
products. Furthermore, lactose hydrolysis also causes 5a considerable

dec‘?é\él@é’ metaas apalieshieils i sharsifk HodekrtapigHh fehis fhzyme.

5sweﬁm&s@tla@d; thepprasesxeditbatMeibang inactioneimregeestiolCandestbrage
2001, Zadow, 1992, Rosenberg et al., 1995). p-galactosidase is not

onI;?Hﬂ?ﬂ?R;%HFﬁgIHBf‘Sg@?ﬁ/droly&s in milk, but also 5 in whey processing.
Whey is produced in quite large amounts as a side product of the dairy
ind th ductl of cheese, cottage ch ese and.casein. . .
DUt ehe B8 CiBH% TG uReeTo0 Ao MR G e (oRSRKing
annaliitsorifiegyosd é@nm/ezagezaei, abwinth peekaddidbaese)vangl acetate
Z&L‘i wide cheese: has been increasing 10 constantly. Whey is still not
ext Ué’@/ rc?ggis , Which represents an economic and ecological
problem (Novalin et al., 2005). Furthermore, the handling thereof entails
niany 'restrictions and iris riot pbesible'to ‘'freely release it into the
environnierit. Half of the waste prodUat Produted is used in the production
of whey protein concentrates (WPC), but primarily for 15 feeding 'fai-rn
animals (FitidelfOva and CUrda, 2005); Whey 'den be ale() used as a' raw
material for ethanol prodUation. In consideration 'of thil feet, it could be an
attractive substrate for fermentation processee in-the future (Cote et al.,
2004). For example, during ethanol production it is possible to Use
Kluyveromyces yeast which utilizes lactose. Lactose hydrolysis
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20 enables the use of thickened whey with a higher concentratiart- of
'C-source as a substrate and thereby considerably increases the
fermentation yield (Rosenberg et al., 1995). In some cases it is possible to
perform the fermentation process in ggich a way that the 'productive
microorganism utilizes only the glucose present, while the remaining 25
galactose can be isolated, purified or chemically modified afterwards
(Rosenberg, 2000). Another significant use of p-galactosidase in the food

inggsirgant)e cipajionahpracidigpsactharetes GOS)P The§LA@292), or
simultaneously for during lactose hydrolysis e
tr%%@?@&?y‘/ﬁy\%egg%ggﬁ‘/ &aﬁ% 'Iﬁt%%las%§ fg-ké;z{é%c{:gisidase
trageaitenrxiie actvisy waellicsirdesdnisdtectmoRics phomesseslissip) the
The first published works 17 focusgd on monjtoging,the favqrahl .
of‘@qﬂ?é)nﬂtjtfﬂg%%oﬁ%hq'ﬁﬂ A ﬁ?&hos rgbthéllr%]r%dh?\:,l?o%) Qaﬁcﬁé@,zed
18 oampdasiosasyimieStand, chsomaliitiverstitigs: mdttersoifl@lvus, is
components which selectively stimulate the ggowth .or [ , the

5 QEﬁviﬂ?oti"ﬁrdB%'ﬁc OMHRE R tlggut?l?%ear{ndig%%{{l:/@?rg% . Ogvﬁ%g %g‘é ﬁwﬁﬁ the
1FerensiglaticoindieByarsteestscomprisesrblysity pps afmaletdiegstnrylase
fluid enzymes, which, hydrolysis 6-glvcesi i Qe

ISR e A R S o Bl eprasee T 76t tota
metyrdmplircompriszs s @il glusossctits;alimeedobyize<! Geslypaside
short 10 in fatty acids IC, Propieni ' i AC -
A% (oL G 0fE s RS SR WA B it rom a
the jvglsiiusicied bionitis, abist/®glycosickicibongsd aoe BlsciaakidgdbH The
GOS gre al nown as.bifidohRacteri r f , Which are

refY ?J&%Eh"é’.?%é‘r?é |C'%%E%§EIF}1;Q %ﬁg%@%}@(grargsbre, bifidobacteria
seRuiyrlyctS s tif stanghlaav oligtesial opratitssiment fos wsage daJeraentation
growth of undesirable mjer isms in the digesti ac, Nigl :
A o D e et e TaPbra T e B ey oo
orgbmieso iib_(m(Shs_e mtm_;dtﬂips ofiLeadenayheh s pmylaaethwiiemh d‘ﬁcﬂgomw
Ofgi%gto%ig?e”se Sag‘?’ﬂl%w&o%?ogeg)bonds at a high temperature. This reaction

causes the formation of dextrins and lower oligosaccharides with different

chain lengths.

In the second step, dextrins and oligosaccharides are dissociated from the
non-reducing end by exoenzyme glucoamylase into glucose units.
Glucoamylase dissociates both a-1,4-, and o-1,6-glycoside bonds.
However, a-1,6-glycoside bonds are hydrolyzed at a much lower rate. The
rate of the hydrolysis also depends on the chain length.

In industrial practice, from 1 1 to 1.2 | of glucoamylase enzyme preparation,
which is not recyclable, is used per tonne of starch. Suitable
immobilization of that enzyme would allow its multiple use, with the
possibility of making the whole process continual. Significant improvement
has been achieved with immobilization of this enzyme by cross-linking
with an agent, such as polyamine (Symon et al. U.S. 4415663, Lantero et
al. U.S. 5472861, DeFilippi U.S. 4343901, Rohrbach et al. U.S. 4268423),
glutaraldehyde (Lee et al. U.S. 4749653, Nishimura et al. U.S. 4888285,
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20 The individual 6-galactosidases differ in the total amount and structure
of GOS produced. For example, after isolating 6-galactosidases from
different strains of Bifidobacterium genus and their subsequent use during
GOS synthesis from a 30% lactose gglution, there was an evident
difference in the amount produced. In the case of Bifidobacterium 25
angulatum, they formed 43.8% of all saccharides present in a solution,
whilst in the case of Bifidobacterium pseudolongum it was only 26.8%

(RaRipreirml eGP 1K Reggedingohe sievgtuse. dng tipemstiBaRaly rmpdu.s.
glycaside bond of two monosaccharide units (%?Iactose galactose,

galAG3L08H . SReMENR R eksBYr44RABBAM AMLIMSEING fh w(iCh)thg enzyme

(Dumeyiier &fed- oh984) irsr gimesed degaldicdd hiathrcifue m@a@@& Hétsbiption
- (Mozaffar et al. 1984) and [3(1 6) in Straeé)tococcus thermophilus

(mdTRIRRAS, FoRByIRM ARl & Gdteslale RURFRBLAIZEL iFiHa! 060700,

followdng wews: J.P. 59232092, Selemeneyv et al. R.U. 2181770, Kimura et al.
J.P. 63056297), and also membrane reactors with immobilized
glucoamylase (Thomas et al. U.S. 5130237) appears to be suitable.
Rebro$ et al. (Enzyme Microb. Tech., 39, 800-804, 2006) described
successful immobilization to PVA gel. Authors reported excellent stability
for application in repeated batch and in continuous mode of operation.
They described 55°C as a maximum temperature for PVA gel immobilized
enzyme application in water solutions.
Encapsulation, which biological material encapsulates into a gel structure
and is used primarily for microorganism immobilization, is entirely absent
during glucoamylase immobilization. However, without cross-linking into

bigger structures the enzyme is easily washed out from matrix pores.

An alternative use of a gel carrier in biotechnology processes is in the
method of lactose solution hydrolysis and the production of D-galactose,
D-glucose and galactooligosaccharides from lactose solutions by the help
of immobilized B-galactosidase.

Disaccharide lactose is synthesized in the mammary glands of most
mammals. It is commercially produced from cows' milk (with a lactose
content of 4.5% to 5% w.) by extraction from whey (Baldrick and Bamford,
1997). Lactose present in milk and milk products represents an important
nutritional item. It supports the growth of Bifidobacterium sp., it is the
source of galactose needed for the production of galactolipides
and galactooligosaccharides, it helps in calcium absorption, etc.
(Maldonado et al., 1998). It has a low solubility and it crystallizes at a

concentration of more than 18% w. That appears to be a problem,



entrapment (Mammarella and Rubiolo, 2005, Rodriguez-Nogales and
5Delgadillo, 2005), cross-linking (Sungur and Akbulut, 1994), adsorption
(Carpio et al., 2000), covalent binding (Hu et al., 1993, Findlay, 1991, Di

Serio et al., 2003), enclosure in memlgranes (Novalin et al., 2005), or a
combination of these methods (more closely described in part 1.2.1). The
8-galactosidase immobilization process is associated with certain 10
disadvantages, such as the loss of enzyme activity after immobilization.
Thepdesirasesd Srastasdo ezl actvilisaltgr dryaghibziensangaké ofdxture
5% to 90% and depends on the immobilization method used. This

disd6P9gd PEdrith AR arEadiFHAE ls Bty RSPRMIASLifiFBr @ condensed

imnigikli ae sed-BroabilityT ISDIS SBIY er@aseRZ WRSIastday Rpdriipswakiliighly
15 of an immabilizates during repeated usage are the decisive parameters

for RS 4PBIRARLHEFSPRARGR AN S AT SrdasiPSe Y Sis RIS A cguUses
5KawapwpisidsPR9s debraeyéamidesaRddrasdpiaityadgonetganakeprancts, an

used for the method of entrapment. A PVA matrix was also used for

encapsulation of 3- 20 galactosidase isolated from filamentous fungi,

whereby its temperature stability was increased. The enzyme retained

70% of its previous activity after 24 hours at 50C and 5% of its previous

activity at 60C (Batsalova et al., 1987). Khare and Gupta (1988)

immobilized 8-galactosidase from E. coli using a combination of the two

methods: cross-linking and 25 subsequent encapsulation into a

polyacrylamide gel. In the same procedure, but using dimethyladipimidate

as a cross-linking agent and enzyme preventing substances: bovine

serum albumin, cysteine and lactose, the activity measured 190 % of the

previous immobilizer activity. The comparison of different methods of

8-galactosidase immobilization 1914A - from thermophilic bacterium

Thermus aquaticus, showed that cross-linking and subsequent

entrapment into agarose granula is the preferable process for the
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20 immobilization of high concentrations of enzyme with the benefit of
high enzyme activity (Berger et al., 1995). The process of immobilization
enables increased enzyme stability under different reaction conditions.
The entrapment of p-galactosidase ffgm A. oryzae into porous PVA 5
cryogel increased the temperature resistance of the enzyme, pH value
and ionic strength (Rossi et al., 1999). Adsorption is a technically
undemanding method of immobilization. Hydrophobic cotton fiber can
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source as a substrate and thereby consrderably increases’ the
fermentatlon yield (Rosenberg et al., 1995) In some cases it is possrble to
perform the fermentatron process in such a way that the productrve
mrcroorganlsm utilizes onIy the glucose present while the remarnrng
galactose can be rsolated purlfred or chemrcally modrfred afterwards
(Rosenberg, 2000). | R
Another significant use of B galactosidase in the food mdustry is the
creation of galactooligosaccharides (GOS). They are smultaneousfy
formed during lactose hydrolysis due to the transglycozylate activityxof B-
galactosidase. B-galactosidase transglycozylate activity was first
described in the 1950's (Aronson, 1952). The first published 'w'orks



10 type of cross-linking was also used in 13 -galactosidase immobilization
into a cobalt-alginate gel. However, cobalt release during lactose
hydrolysis made the use of the immobilizates impossible in the food
industry (Ates and Mehmetoglu, 199¢}. The activity and stability of the
immobilized enzyme is affected by pH 15 value, temperature and ionic
strength (Roy and Gupta, 2003). Compared to a free enzyme, the
immobilized enzyme has wider optimum pH and temperature ranges as
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operation mode (Chackchaisawasdee et .al. 20 .
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are also beneficial for oral cavity health, when not utilized by oral micro
flora (Streptococcus mutants), and thus prevent the formation of dental
caries (Szilagyi, 1999).

20 The individual B-galactosidases differ in the total amount and structure of
GOS produced. For example, after isolating B-galactosidases from
different strains of Bifidobacterium genus and their subsequent use during
GOS synthesis froma 30% lactose solution, there was an evident
difference in the amount produced. In the case of Bifidobacterium

25 angulatum, they formed 43.8% of all saccharides present in a solution,
whilst in the case of Bifidobacterium pseudolongum it was only 26.8%
(Rabiu et al., 2001). Regarding the structure, the type of the newly formed
glycoside bond of two monosaccharide units (galactose-galactose,
galactose-glucose) is in the case of Bifidobacterium bifidum [B(1-3)

30 (Dumortier et al., 1994), as opposed to B(1-4) in Bacillus circulans
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10 1.1-11. Another example of immobilized 8-galactosidase usage in
oligosaccharides production was also described in the work of Albayrak
and Yang (2002). They reached the maximum production 26% of weight

of all saccharides (with a substrate cgmcentration 400 g.1-1) and the
volUrne productivity 106 g.r1.h-1 by using an enzyme from A. 'oryzae
immobilized 15 on cotton fiber. Foda and Lopez-Leiva (2000) tested a
membrane flow reactor with iMmobilized 13-galactosidase for GOS"
preparation.' They reached the highest production (31% of weight) by
usi%vhe ‘treated by ultrafiltration with an initial lactose concentration of
209 .Z\ﬂ}i{%y i€ta Abh shefde ofMetidde-fis uBagelivRiesegsddiudhermophilus
app@asssiinistyerpgOptiractive. There is a known casting unit which is
used in the praoduction of immobilizates, which are products - bigcatalysts

on tRBYESs oPIRAMOPESRol MaRieMEaRIIFRhnTadifedHMENG  Ways:
lengshapatkfrvearsmaldieltsandeRubibie ofgudyviRydrgabelNeyars and
biomass is applied to a 25 continuous conveyor belt using a dropping ,

b pic i R

castrPRlAamdiPih SEREFAIRKING SRHRGHEPRLrAEAY
is cleagsd starn2imsivevaiess bindiitngHnéphysicetp geiatiesnydydeg, Di

e R T N R

mechanisnaidhasfanesd dthotoftherdryiogetyaeaetibeside parch 2. 1).

Thothes 58%?2&%%?561%%“ Aob2aiBn roteenc e LEARed Witk certain
disadvantages, such as the loss of enzyme activity after immobilization.
The decrease of B-galactosidase activity after immobilization ranges from
5% to 90% and depends on the immobilization method used. This
disadvantage is compensated by the possibility of reusability of an
immobilizates. The ability to preserve an enzymes activity and the stability
of an immobilizates during repeated usage are the decisive parameters for
the application of an immobilizates on an industrial scale (Tanaka and
Kawamoto, 1999).
Polyacrylamide and a polyvinyl alcohol gel are often used for the method
of entrapment. A PVA matrix was also used for encapsulation of (-
galactosidase isolated from filamentous fungi, whereby its temperature
stability was increased. The enzyme retained 70% of its previous activity
after 24 hours at 50°C and 5% of its previous activity at 60°C (Batsalova et
al., 1987). Khare and Gupta (1988) immobilized p-galactosidase from E.
coli using a combination of the two methods: cross-linking and
subsequent encapsulation into a polyacrylamide gel. In the same
procedure, but using dimethyladipimidate as a cross-linking agent and
enzyme preventing substances: bovine serum albumin, cysteine and
lactose, the activity measured 190 % of the previous immobilizer activity.

The comparison of different methods of -galactosidase immobilization



23 mechanism, known as a casting head, is fitted with one row of casting
needle injectors with a diameter varying from 0.1 mm to 2.00 mm, which
pulsate by the help of electromagnets with different frequency and
different pulse length and transfer orgour the mixture of polyvinyl alcohol
5 gel and biomass on the continuous conveyor belt. The casting unit
further contains a reswelling section placed in the upper part of the drying
channel, which is formed by a system of low-pressure spraying jets, which

wetgrgesvebispHIRd Pretbietnr UTthermose b8 2781 dsHYWE R aHRPeFoss-

with a collecting part, comprising of a pressure wiper made from stainless

10 Q%Pﬁléfédrrﬁ‘é*é%eﬂy%féiﬂﬁ&?éf@mde& 2PFASTherprda b ieterable
steglrptpes dadtArounted on the carrying frame of the casting unit, above

the drive cylinder of the belt. Ambient or dehumidified air are used as the
source of drying media using continuous atmospheric dehumidification or
continual freezing, which is warmed up by heating elements before
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15 entering the drying channel, and which ensures gelation by drying the
immobilizates produced on the basis of a polyvinyl alcohol carrier. Casting
units arranged in this manner are incapable of long-term economic
production, in particular due to the difticulty in removing the immobilizates

on the base of the polyvinyl alcohol carrier from the conveyor belt. A 20
mechanical stainless steel wiper is used for wiping, and following

collection. The wiper is firmly pressed against the surface of the conveyor
beitnmoliilizetiohasfshigielasticienteatibagbstenepihe thithnags enéitbothigh

by t i d.fallsoff into a, collectj servoir. This mechanical . ..~ ..
AU LR Ao T BB et
Clon0! Sy ] e consetant oot of & proue it o o
a sequent productio .
zei%qgct%\ﬁgyfgéh%r}ﬂ]e??di Mgﬁtggé&)%s sgr% rdéﬁ%ﬁgm%éﬂarﬂ%&yq\%éﬁVA
of dngogredtiingreaised dhentenpeaivey aebistatosasfithdesnegmed pRavalue
;Zeﬁﬁa%% é%lttré%mo@foisnsvﬁ 5‘?8“(5'359 part of the casting unit causes

Adsorption is a technically undemanding method of immobilization.
Hydrophobic cotton fiber can serve, for example, as a carrier on which an
enzyme preserves 50% of its previous activity (Sharma and Yamazaki,
1984). Bakken et al., used B-galactosidase from A. oryzae by adsorbing it
on polyvinylchloride and silica gel in the form of ‘'a membrane (1990)
during lactose hydrolysis in milk in an axial flow reactor. B-galaétosidase
immobilized by adsorption on bone powder preserved 83 % of its previous
activity, but during four batch hydrolyses the immobilizates gradually lost
its activity. After the fourth hydrolysis, the activity of the immobilizates was
just 24 % of the original (Carpio et al., 2000). This experiment showed the
disadvantage of the immobilization method, during which slight desorption
occurs. This effect can be eliminated by the addition of a suitable cross-
linking agent (Szczodrak, 2000). L b
Piettaa et al. (1989) immobilized B-galactosidase isolated from A’ cryzae
into'two different carriers using a covalent bond. The first was zedlite; buit
it was not convenient because it only binds a sma" x’amo‘urit of ‘éhfy’rhé:
Contrary to that, powder nylon-6 covalently bound a larger amdu'hff‘éf:‘tﬁé
enzyme and created a stable complex. Peters’ and  Rehm'/(2006)
immobilized  B-galactosidase by  covalent’  binding'" "¥ohto
polyhydroxyalkanoate granules. The immobilizates gained was stable in
the long term during its étorage under different conditions, whi'ch“pr‘oiiides
evidence of a strong bond between the carrier and the “immobilized
enzyme, |
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30 to cling to the surface of the continuous belt and consequently changes
to the surface tension of the casting unit's the conveyor belt, hence the 24
change in the shape of the product. This change means that during the
removal and unsticking of the immolilizates from the conveyor belt
damage and the formation of large clusters or agglomerates is
unavoidable in most cases. 5 SUMMARY OF THE INVENTION The -
above mentioned flaws are eliminated by the method for the industrial 10

pr@ummummmimmmmwgmﬁgm i@lbti?Teﬂmd‘Q{O fre2fuently

[ ili zymes or microgrganisms which .are imobilized into a

ool SRS SH) a1, Rt Tun ot .

ind897; Sizeiodiak c2606, EblogiaabnGiieria2 i2068¢ ), Mg eoniiet wisthed of
[ ining free.natjive. or pretreated (aggregated) enzyme 15,

cat S TR RIS J5 RIS TR SRR it other

aldoktheds, Ghovenmistiiomeiti Panesanptdbyin geawd suehdasradsiorption

0. 15C, considering the biologically ...
B O e SR O 4 Pkt Tpcized
th&isiv@inteebigotaprae it mmethpdninthathso immﬂuofecﬁbmsatadya]_rmsﬁd bfeom
20 i In Qi lqgical processes, inthe .
R Rt O B UBSEIRRE whicn
erﬁ&eﬁaﬂtﬁﬁa‘lﬂ&bingwt@hﬂmW’e&WEansis@redeﬁndﬂm;%antr_lﬁﬂz)ofr his
h ithy jQcatal ragjon, to the given. .
BB SN S b R T SO Bl ERlion into
imMepinalialginatergehd-tomeldknabhbadid reléas @fdud@vmm?eemdrolysis

' j ' ibili se the bjocatalyst

S RS I e

cored Meliagietssdiued ¥dmass in

The activity and stability of the immobilized enzyme is affected by pH
value, temperature and ionic strength (Roy and Gupta, 2003). Compared
to a free enzyme, the immobilized enzyme has wider optimum pH and
temperature ranges as mentioned in most published works. The higher
stability of immobilized B-galactosidase at a lower pH value and higher
temperature is an advantage in lactose hydrolysis, and furthermore, by
decreasing the pH value and increasing the temperature the risk of
contamination is reduced. On the other hand, the shift of the pH optimum
and the stability increase is, under these conditions, an advantage during
lactose hydrolysis in sweet whey, whose pH is within the 5.5 to 6.0 interval
(Szczodrak, 2000).

B-galactosidase from different microbial sources was also immobilized for
the purpose of production galactooligosaccharides in the continuous as
well as in the batch operation mode (Chockchaisawasdee et al. 2005).
Compared to a free enzyme, the immobilized enzyme produced lower
GOS concentrations. This decrease was caused by the limitation of
substrate access to the enzyme in the immobilized system (Mahoney,
1998). The concentration and structure of emerging GOS depended to
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the system, and the lower costs of biomass separation and product 30
isolation. If the process is made continuous, no biomass washing out from
a carrier matrix occurs, the nonproductive growth phases are reduced, 25
yields increase and higher reaction rages are achieved. It is also
advantageous, that the biotechnological process controlling method
according to this invention results in the reduction of the reaction volumes
and the reaction intervals needed, which means decreasing in the 5

opesatitiecabls emm@ﬁtmenmianéawwmbd : &@?ﬁiﬂ%ﬁ%ﬁ@%ﬁjﬂf@p?gin
current processes af nittogen compounds, removal from potable, industria
ar S SRR iﬁln?e'?giﬁ\asﬁddos%&@Wﬁ#gﬂagmssy%eaﬁatatlon from 14%
imtooRliZeddwiisicle Uhe aGOS-Frodadtionm(PberiTighdonBeE-REIGEe!2000,
the,carrjer. in.the shape of cylinder, .10 height of which is four times up to
tw%r&@%’é@'?&”’&ﬁa%%?&@){b(%m)radius, or in the shape of a small belt ,
or Shinegirakig¢898 binwhobiiized twe ditnyensiwsiated/ e Buflevs iiggilaris
upe-pwenty.times lewer.than.-the otlier twa ones, so that The ratio .
(PR S TS, R, G e (95Y oheRe i Sblgympbilized
themzyme-ih Ti0Ss preduttionth¥ ipseprpatinerfttiashiocfonys, degsnedring
tor ve nitrogen pollution f otable, i trial gnd waste, waters, tqQ . .
R R R Rl A T e p R
arslihstrate geinteatrdtidmpeitiye 10Xgue ohadoobluimg pleeh@tivatyier and g.i
bacterial gell drying into the lens-shaped qr sgnall belt farpn at the 20
temhefataﬁ%ﬁgbcﬁé%gé% SO Ra!%‘? {'&%a th 'm‘ilgﬁlﬁ%??voﬂme n
of eligdsacetmyiiessprodimtiby iasnalsd, deddhibeddrmahdework of Albayrak
im Jizates uitable sodisim sylphate solution. The immaofijlizates ... .
e R L e g R
100fathg#astaridide Githfeosulistraig/icontBatratioh MOSQI Yf aldogenaslame
s 5 eratyre f. 0C to 35C and thepH value from... :. .
o 5 DEERi 108 (PR Y oA P endine RN Ae BRarimiapized
fraah dedtar ribityinFlodetaatidcbopsrihgitsa (20009t tEstBoiven enemttbvatien flow
of iQm 0 inina hoth hi canrun digectly in the .. - o
S R PHRIRA SRR R B, ey
mieashenuieohighesiny adecticn (Sitesufimeeighty nppisiregantey treated by
ultrafiltration with an initial lactose concentration of 20% w. Whey is a rich
source of lactose; its usage in GOS production appears to be very
attractive. ‘
There is a known casting unit which is used in the production of
immobilizates, which are products — biocatalysts on the basis of polyvinyl
alcohol carrier- usually manufactured in the lens-shaped form or small
belts. The mixture of polyvinyl alcohol gel and biomass is applied: to a
continuous conveyor belt using a dropping, casting mechariism'in
accurate and previously defined dosages, where it is changed into an
adhesive mass by drying and physically gelation dUring the produdtion
process. At present, theﬁ casting unit for the producfion of immobilizates
based on a polyvinyl alcohol carrier consists of a casting rhechénism
arranged in front of the drying channel, inside which a continuous
conveyor belt (made from polyethylene, for example) runs. The casting
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Nitrobacter winogradskiy), is used for the immobilizates preparation by the
26 help of encapsulation into PVA matrix. The used litotrophy bacteria
(slowly growing organisms) get energy for their existence from nitrogen

from ammonia (N-NH3) oxidation, ingzase of Nitrosomonas europeae
bacteria and from the nitrites (N-NO2) oxidation in case of Nitrobacter 5
winogradskiy. Denitrifying bacteria (Paraccocus denitrificans), using

nitrogen from nitrates (N-NO3) as an electron acceptor instead of oxygen
areneshdriésri ekinowobiig sdesastingiatiad, b's tf'mdabmmf m@rﬂawaﬂpaasting

RVA Th d bact t eria,
R e AR IR TR S, i
soputisale aby sthae Iﬂqblrmﬁ&tmitmawgwetsr dmthnotidfm@uﬁ FrYIgAEYC and

t d b alco L
N ek TR SRR R b D AeBiE S Rolpind alcohol
prgelieas rieﬂatn@xs Iﬁﬂdmmomub'ﬂls isomgeyasaielt th’attdfuaﬁmgahﬁpﬂmher
f t the whole a
o n?ég‘ cell o mg I’}(eer?eeé?f?wt%o% mlcfgo?g |sLm ghc?’ﬁ'!g&? tn% drying
omhaahm.evdﬁlpmmmmedqhyra aysummpdrimmfressmer%pmymg ﬁfftslh which
ifi uctivity. of the
Elré)ﬁté ologlcg %?gcge@s%e sm!gj% y'l\’t/ﬁ%fﬁ%ré)he})ﬁ' (glr%r%lrﬁ1 %'i?zqugo ped
Thwdthvayqeligeting pmttammﬂslag bé mmdsmmmwgnnﬂmfbfﬁm ,sainless
' is Woeful or the.
g%}p%a%r‘ﬁé%{%fqﬂg%ﬂgg taép ']@ ?ned %%;r%%gg ph)d ction freny dinless
saﬁi@lﬁérwwgﬁmﬁfmu@t@ﬂwp&mmrymgrﬁamelofoﬁﬁmﬁmnmbmﬂwve
mghulig gy f@éyﬂﬂhfél ?rr{1 EOhSk gﬁhﬁﬂéjrbr}?rnalg Eﬁf%r&daﬁpgpﬁ t%ed as the

mixture o yvmy ol carrier and bacteria Zymomonas cells
dr§frges %dmm&damwcoﬁmpaﬁﬁﬂmﬁphenc dehumldlflcatlon or

continual freezing, which is warmed up by heating elements before
entering the drying channel, and which ensures gelation by drying the
immobilizates produced on the basis of a polyvinyl alcohol carrier. Casting
units arranged in this manner are incapable of long-term economic
production, in particular due to the difficulty in removing the immobilizates
on the base of the polyvinyl alcohol carrier from the conveyor belt. A
mechanical stainless steel wiper is used for wiping, and following
collection. The wiper is firmly pressed against the surface of the conveyor
belt, i.e. on the basis of elasticity, and subsequently, the mass is wiped off
by the wiper and falls off into a collecting reservoir. This mechanical
removal of the product from the belt is far from perfect, particularly
considering the formation of big clusters, agglomerates of polyvinyl alcohol
carrier, and the consequent production of a product with low or zero
activity. A further disadvantage is also considerable mechanical wear of
the casting unit’'s continuous conveyor belt. It was further learned, that the
use of salt solutions in the reswelling part of the casting unit causes salts
to cling to the surface of the continuous belt and consequently changes to

the surface tension of the casting unit's the conveyor belt, hence the
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to cultivate the immobilizates in a water culture medium containing from 2

30 % to 25 % of weight of the saccharide substrate at the temperature of

20C to 40C, and pH from 3.5 to 7.0, in ethanol presence, in the range 27
from 1 % to 15 % of weight. It is als@yseful in this process that

immobilized cells are separated from the liquid part and used repeatedly

for the ethanol production, after the production is finished. Thus prepared
biocatalysts can be used repeatedly in batch, semi continual and continual

5 fehamgeatiothepsiaion oidte. proxiuskfliHisr dhapgepaietas dhéteduring the

ogé%%lvg gﬁﬁtl sﬁ)? elac Cld rodH Itlz%r% fro sac &%rllﬁ‘g}% veyar_ belt

strates, to encapsula herrnoph| |C'Bgc ena
potiam?galcm géheanfbthveation gelfitdaage skmnieim noxtuaiggibpwyaies! is

aIW&%] @&%H%%%?‘H&é pagulans 10 bacterial cells by means of

drying at the temperature of 80C to 15C, at the ratio of the surface to the
volume of the immobilizates bigger than 7.0 mm-1, and then to cultivate
the immobilized cells in a water 'culture medium containing from 2 % to 14
% of weight of saccharide substrate, at the temperature of 30C to 60C,
anGYMMARY i BHE:GNVENTI8Nic 15 acid or its salts presence in the
range from 1 % to 12 % w. It is also useful that the immobilized cells are

garated from the liquid part and used repeatedly for the lactic acid
d\@:ﬁbﬁvgﬂaeni@p&mﬂemrﬁfmmeatemhg ﬂlepa&ibdﬂo‘oat&lgsn:dustnal

CaBrBGdb‘iEW%P‘%%%%élQé’t’é‘t Itﬁto UI|88 ot a&@(\‘}’e‘:ﬂfﬁ pﬂwflgorm of

fermentation mode. 20 It'is use lus coagulans
stmﬂﬁ@ﬂwcﬁéﬁy@@ﬁth@ﬂamlefa@mmmetmhmbdacevnmmihhﬂlzed into

prof I%'MB'qu'mg i S e ISRLREP lﬁ HYLYeRL aﬁ'& %'rdthelr

lon,”and consi iocatalyst extent while conserving

raﬂi&ﬂé‘ﬁfﬂym@%ﬂ§§ﬂmmmﬁﬁhm€mﬁim‘»l&&@lawhmbc@n&st of the
Progiyaiien RGKIGHHY Frée eNaRBIohsY - Et’ét\"é‘ﬂ%fo ég@@ﬁ@@t'%gyme

the biocatalyst, destined to the invert saccharide prepa

saedialyrle SHuBRRAUEH @ CRRIORIGaRIBYIMOMbRESEHITS apdlyaingblyviny!
aleboharhan &R RERE ARREHR HSped and gelated in a drying air

stream, at the temperature from 80°C to 15°C considering the biologically
active material extent and keeping the geometrical ratio of the surface to
the volume bigger than 7 mm™, and than so produced biocatalysts can be
cultivated and afterwards used in biotechnological processes, in the
conditions, which keep higher productivity, higher productive and
enzymatic stability, long-term and repetitive use or definable controlling of
the process with subsequent easy biocatalyst separation, to the given
biotechnological process.

Main advantages of the technologies with immobilized cells are: the
considerable reduction of the given process operating cost, associated
with the possibility to use the biocatalyst repeatedly and to make the
process continuous, keeping of the high concentration of fixed biomass in
the system, and the lower costs of biomass separation and product
isolation. If the process is made continuous, no biomass washing out from
a carrier matrix occurs, the nonproductive growth phases are reduced,
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mixture of polyvinyl alcohol carrier and enzyme by drying at the 30
temperature of 80C to 15C and at the ratio of the surface to the volume of
the immobilizates minimally 7.0mm-1, and to use thus prepared enzyme

28 for hydrolysis of the saccharide sghitions, which contain from 2% to

50% of weight of saccharide substrate, at the temperature of 20C to 50C
and pH value 3.5 to 7.0. It is useful to separate the immobilized invertase
from the liquid part, after 5 hydrolysis is finished, and use it repeatedly in
theidnyertinorsase peartiichighahersactiose Ingtislyae bpchiaredof It is also

bilized t f d h
PREARED S USe TR D8 1 DR PO e PSS O ethod
phtéhfwrﬁb:@dmhmir(f\l‘ghgbm rtiesgttd zntgel rgiradiom aofl thim gesictore aolumes
the peratyre of, 5C, whilst th {
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g efkl%)?urét %%nt! rCHﬁét sﬂ: %‘t’u{ S B Wé’l{&&psge%h%t’vﬁft%gen

OReR Gl the h| specr tivities of the 15
Inpeﬁmﬁdmsemwmmmd putqbtm mdmtwabaed w@stewatersnatithe form
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SRR BT TGS Bl FRE) FReaneRe dhabed
pr&rmabbrcﬁmeml@m snondgpideiseaty dheapelnttﬂe thetgmcahaﬁszlacy‘e cylinder,

mrbég it Vm¥c|)ﬁlcﬁﬂ%§%§ [(?enzy n{t? %ﬁt@? J%%F'tﬂaﬁ e Aottom
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It is useful for the préparation of the biocatalyst, destined to- remove
nitrogen pollution from potable, industrial and waste waters, to
encapsulate nitrifying and denitrifying bacteria into a polyvinyl alcohol gel,
and then to gelate and shape the mixture of a polyvinyl alcohol carrier and
bacterial cells by drying into the lens-shaped or small belt form at the
temperature of 80°C to 15°C, so that the ratio of the surface to the volume
of the biocatalysts is minimally 7.0 mm™, and then to harden immobilizates
in a suitable sodium sulphate solution. The immobilizates are then
cultrvated in a water nutrrent medium containing from 10 mg/l to 1000 mg/l
of N- NH4 and from 10 mg/l to 1500 mg/l N-NO; of nrtrogenous substrate at
the temperature from 20°C to 35°C and the pH value from 6.0 t0 9.5.

The nitrifying bacteria contarnlng biocatalyst is prepared apart from the
denitrifying bacteria containing biocatalyst. Following cultivation of the
biomass containing both biocatalysts can run directly in the‘industrial
devices des'ignated for nitrification and denitrification. ‘

Pure mixed culture of nitrifying bacteria (Nitrosomonas euro'peae'artd
Nitrobacter winogradskiy), is used for the immobilizates preparation:by the
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To prevent the washing glucoamylase out, it is useful to perform the

enzyme immobilization into a polyvinyl alcohol gel (PVA) during the

process of drying in air stream, at the temperature of 80C to 15C, when

the interactions between the gel fungigonal groups and glucoamylase can

30 occur. The enzyme immobilized by this method is not washed out from

a matrix and can be used in batch, semi continual and continual mode.

Thus 29 prepared saccharide substrate, which contains glucose, can be
Umﬁfﬁgwﬁsﬂmianmvmmtyx. The aisedlitsftipphythaeteria (slowly
immobilized glucoannylase is separated Q4L t, iS4
AT B GRS T 0 S oSS 10T e o
usgfithdhizt NENHgioRidatiem srotasedillY b ghmonas/leseigeae bacteria
performgd in bgtch, fed-batc nti ration . AlEis

u?é}ﬂl, gmheq}ﬁm ﬁjrl&eesd g ﬁg(ﬁ)‘ﬂg Iaé%aié%%ﬂed ?gr tf%gs%:cc#ariﬁﬂégﬁgﬁder
ofiifrrogtaidblidpbstrate in the ethanol fermentative 10production process. It

R R or B AT e SRt OR8] ftrogon from
prothatten(NFI@s) As iansséation thedsiptettangiepet phraxyecricmugad for
TR MR DA IR R o = PV
enmiatsix eThendenijefpicig iateriatate polgangtraRbydraeicaad wishdgeed
T B R, 1o e B Ty Ry S oA A ome
theeablindasifitiavastevmitestde not contain any organic agents and so it is
necessary to add organic carbon — alcohols, saccharides and so on.,
preferably methanol, because it is cheap but produces relatively little
biomass.
It is also useful, that the lens-shaped form of immobilizates keeps the
optimal use of the whole gel carrier volume (cell loading) for the growth of
microorganism, and thereby the optimal use of productive enzymatic
properties of microorganisms and enzymes, which can be seen in the
increased specific productivity of the biotechnological process using
polyvinyl alcoho!l (PVA) immobilizates. This way prepared biocatalysts can
be used repeatedly in the batch, semi continual and continual fermentation

operation mode.

it is useful for the preparation of the biocatalyst, destined to ethanol
production from saccharide substrates, to encapsulate the anaerobic
bacteria Zymomonas mobilis into a polyvinyl alcohol gel, and then to
gelate and shape the mixture of polyvinyl alcohol carrier and bacteria
Zymomonas cells by drying at the temperature of 80°C to 15°C, and then
to cultivate the immobilizates in a water culture medium containing from 2
% to 25 % of weight of the saccharide substrate at the temperature of
20°C to 40°C, and pH from 3.5 to 7.0, in ethanol presence, in the range
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20 minimally 7.0mne, so the enzyme produced is used for the hydrolysis

of the lactose solutions, which contain from 2 % to 50 % w. of saccharide
substrate, at the temperature of 20C to 60C and pH value 3.0 to 7.0. Itis
useful that the immobilized p-galactgsidase, after the hydrolysis is

finished, is separated from the liquid part and is used repeatedly for the D-
25 galactose, D-glucose and galactooligosaccharide production, the

lactose hydrolysis by means of immobilized p-galactosidase is performed
inflstte fed-batsh andicattineddopelationaisodesefubianidhibrprecess that
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conriected to a Tow-pressuré pump, which'is connected to 15a rinse tank
byrpéutitine cOhtatteng rencarifing s ofweeigbht ebeasehadpRUBSRiR at
a%qu%ﬁépé%pgﬁt?akéaqgrg%de\,/laﬂ& ISdLHANT ST0ME £ZSUMN lactic
heags, equipped with two rows of casting needle injectors, diameter of
whicidismite Saits pssenee ihibR pangadrBYiciniol 2idembidy#ss useful
W'Eﬂéi‘%@@ HiREH '{5‘%9%%?95’&%0'9%?5%*%@9%% CoRVRRIPPRNItENd used
controlled drive, a drying channel with counter flow drying, the reswelling .
tamepeatediypiardbet lestiscasisl progsiiane aitee thasRiadusica i pished.
dryd h ith ing,in t W RS semi
o R e et ol b azereh. somi
rincentings|randeontiaugbiersantagirhisRodehe collecting reservoir,

ﬁ?lﬁ@ﬁ@&rm?&@w%ﬁw [N LREONPISS YRERT FRiNRSinerdise of

igh-pressure Jets, Is the part of the device. Enhanced efficiency of the . |

mdbRaesctigpingids Brackieinn (RN hERa RARGER!irstFainydipell 1
characterized in the high productivity of lactic acid pro‘duction,‘ and
considering the biocatalyst extent while conserving the ratio of its volurrie
to its surface minimally 7.0 mm™, its lactic acid production productivity is
even higher.
It is useful for the preparation of the biocatalyst, destined to the invert
saccharide préparatioh from saccharide solutions, to encapsulate enzyme
invertase into a polyvinyl alcohol gel, and then to gelate and shape the
mixture of polyvinyl alcohol carrier and enzyme by drying at the
temperature of 80°C to 15°C and at the ratio of the surface to the volume

of the immobilizates minimally 7.0mm", and to use thus prepared enzyme
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It is also important, that the device of the present adjustment, and namely
30 with this type of a collecting and rinse device, is able to secure the 31
uninterrupted economic industrial immobilizates production based on the
polyvinyl alcohol carrier. It is useful fpg the errorless functioning of the
wipable collecting device, which is the part of the casting device, if it is
formed by a side frame, in 5 which a mechanic polymer wiper providing

the rinse at the angle from 45 to 800 is placed on a stainless pressure
n@ph@ﬂg@]ygwtbfam@réagﬂfaﬁidersmmisrhialmddmetamsﬁsdm 2%arte 60%

E:SE}@ iaht o 5{% ySt 3 f' sﬂ'r ”th léDPe%t 8"8?%6"?? 0 50°C and

|xe rame o he cleaning o |nS|de
a%qygm@e:assjwsmmhe 10 conveyor belt there are the lower and the

wi Wlth b
Wb SRR g e D s THUGHSE FoFiC R AR B, attr
?ﬂ%&mwstsedmodmnﬁllmhemidcwseené |tepaatedhofllhethemévﬁﬁs sucrose
urthey provi with lower
dé’gﬁd@&t AMcHshiRhe'se fSﬁ\ﬁ%élv&bg%le ectﬁéﬁeﬁce%@%@eﬁ%&%ﬁ 's
otperfeiarcef ith&aichtjseind contiryal ardt, oavémuatmomse its inside
surface is uneyven, gorrugate
m%ﬂﬁﬂc%%%%hﬁ& ﬁﬂg fc{)ir‘%vrli)lng otﬁera e‘égl/ﬁefasZE[iE f}%ﬂr?ﬁgﬂﬁéet%lyvmyl

casicopol el PP istmased! othgehdhyinge iRomdwingsairiiream, at the
drgéﬁ? ton oL e f_%r?fv g gee i) QE'QH%WH@? ?ﬁéﬁ%@{'\%@wq}@’gel and

ere il UStI’é_teS the scheme of the castlng machine
Flmﬂeﬂaﬂ:hmnetmmsweuunﬁtmn FResuhe Pagidpescshars therm of the

RSB H9d6e* the BT BrOHEC iR PR RESFURIE ¥ the
immobilizate is mlnlmally 7.0 mm™', secures the optimal use of the whole
gel volume and the achievement of the high specific activities of the
invertase. Thus immobilized enzyme is not washed out from the matrix
and can be used in batch, semi continual and continual operation mode.

It is useful for the preparation of the biocatalyst, destined to the D-glucosé
preparation from high saccharides, to encapsulate the glucoamylase
enzyme into a polyvinyl alcohol gel and then to gelate and shape the
mixture of polyvinyl alcohol carrier and enzyme by drying at the
temperature of 80°C to 15°C, and at the ratio of the surface to the volume
of the immobilizates minimally 7.0 mm™, thus produced enzyme is used
for hydrolysis of high saccharides, which are prepared by partial hydrolysis
of a starch containing 2% to 40% of weight of the saccharide substrate at
the temperature of 20°C to 45°C and pH value 3.5to 7.

To prevent the washing glucoamylase out, it is useful to perform the
enzyme immobilization into a polyvinyl alcohol gel (PVA) during the
process of drying in air stream, at the temperature of 80°C to 15°C, when
the interactions between the gel functional groups and glucoamylase can
occur. The enzyme immobilized by this method is not washed out from a
matrix and can be used in batch, semi continual and continual mode. Thus
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32 The method for the above mentioned carriers production and use in the
process of nitrogen removal from waste waters by means of the
immobilized nitrifying and denitrifying cells into a polyvinyl alcohol gel, will
be described in the following examplgs. 5 Example Immobilizates -
biocatalyst for the nitrification was prepared by the encapsulation of the
nitrifying bacteria (Nitrosomonas europeae and Nitrobacter winogradskiy)
pure mixed culture into PVA-hydrogel. 10 Immobilizates - biocatalyst for

thersleansificaliohaviepsapsteatdywhichncaptaitsigiusbdenigapiree used in
bacteria (Paraccogcys denittificans). Immobilization ‘was performed in this

W@Nﬁtﬂgfp?%/mmgﬂ contained 100 g of PVA (polyvinyl
algoleoBIge0 gseffiE habdiye thylerylized) ghotogroytisealidsl sepaiaied from
prepared. 50m1 of the 15 homoge S i | d
R Bt iy S 16 TR P TeRs ey it e
0 §Oepeétprodeitsiprer 1 dms of a gel. Thus prepared cell mixture in the

PVA sojution d d.aon d - :
Ablsea dapt Y AR AN SRR dSShlase |
Inpedbitizatts batiohyfdtematdhandeantieiabnpaatonmadtas |
mjpimally 7 mm-1, w h j e i dilgm, t
o stofy st At kTN BHRc0° Gl daRaser LB for the
insactihiaifieativereafulthatatarchtossbstratetdre theligthangle fermentative

temperatur 4 %fter the filtration. In the case of nitrifying
m c@%‘#&ﬁ%ﬁsﬁs g't:%se batch cultivation performed in 25 a water culture

mitdismatsith treefylaciaty therdmymepdizednabeamiasi s sadtdalo the
ML 5%?%%%0%%;5 T&'frig\%)‘é’ﬂ% the mdivatiae fdiactrifentative

occurre and the dissolved oxygen concentration bigger than
1.prodyictiortpracassof denitrifying microorganisms, the batch cultivation

P TR P SRERYS et bnsentrver e suion

20tydocdEisandbprlastose, D-glucose and galactooligosacchaharides
preparation from the lactose solutions, to enclose enzyme B-galactosidase
into a polyvinyl alcohol gel, and then to gelate and shape the mixture of
polyvinyl alcohol carrier and enzyme by drying at the temperature of 80°C
to 15°C, and at the ratio of the surface to the volume of the immobilizates
minimally 7.0mm™, so the enzyme produced is used for the hydrolysis of
the lactose solutions, which contain from 2 % to 50 % w. of saccharide
substrate, at the temperature of 20°C to 60°C and pH value 3.0t0 7.0.
It is useful that the immobilized B-galactosidase, after the hydrolysis is
finished, is seioarated from the liquid part and is used repeatedly for the D-
galactose, D-glucose and galactooligosaccharide production, the lactose
hydrolysis by means of imfnobilized B-galactosidase is performed in batch,

fed-batch and continual operation mode.

A device for the preparation of the immobilized biocatalysts is the
industrial production device, which provides an optimization of the volume

and the surface of a biological carrier, in dependence on the extent of
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7.8 in presence of methanol as a C-substrate. The content of biomass in
both biocatalysts was about 60 mg to 80 mg of a biomass dry matter per
1000 ml of PVA, after the cultivations. So the immobilizates prepared
underwent the repetitive batch 5 fermgntations. The nitrification (nitrogen
from ammonia removal) in the reactor with the effective volume of 171,
with the content of 151 of synthetic waste water (WW), containing about
800 mgA of N-NR4 and 2000 g of the biocatalyst with encapsulated

nitbfplngibattyemwwas firzisdreal, aiemphsingg, alvfdfébpiﬁ?ehf&%éhﬁg rlnéchanism
nitgifi atl n rate t 1500 mg of N-NH4 10 /hr x t jocata

respéc{'l Ve about ?gut i?o 9mS tBEﬁﬁ&??d ‘3’%'?8 of dontinuous
N-thiweEyerobéie hmsatalhet‘eqrdatheTHe‘deéltrs‘ iesjidipadragien tiemeast one

it val) in.the reactor with the 581e tl\ze volume, with thel5
Inlcé%g nlgr;ﬂ:yn hetlt(F:1 ste%?e?ﬂﬁﬁ% ?rdf?!ﬁ'f: r§06 to a

N- mrpareﬂam@sgﬁufeﬁ.aﬂd(mmwmﬁﬁomﬁ%@nﬁhéad?my%ﬁlb%’mgnd a drying
fter 3;h the presence of methanol as

O N AL R 0 100 et

N-{aa mﬂkmﬁtﬁwmmm mﬂﬁeﬁwtpamﬁ@ﬂﬁglél@ﬁén&lof/vhlch
W d 5 03/m3.of t i0 St X 20 Exam

Thyeﬁlmmohllza? J@%gﬂna%ac IV;][' é?a{éléﬁb?rbﬁaév RVET r?‘ 51 drylng

Excitapiree] | anstcausesviellitige tambgdnetwﬁenowln&rhoaamﬁgr@iig’(\)/gatbc;}mg
itr I ncentration 200 mg/I to 1000

25% ogf%%\lhéqﬁ%r?‘g ﬂ fgf%gzaer}%%éhr{g‘reg awe vséllue n? G 8'2:83{ Higing anlgl%'gh'

adpresaure: Oinseifichiicn éndarnéidichtion aTpipebndnuéthmiatedratédvaigh-

USﬁ%@&%ﬁ%’m&%ﬁEﬁBGﬁB?@&&P&rHlﬁ%%"F‘unning into a collecting reservoir
with cooling and further a rinsé box for the continuous conveyor belt final
cleaning by jets connected to a low-pressure pump, which is connected to
a rinse tank by pipeline.

The device according to this invention forms a completely new assembly
of an industrial casting device consisted of one or two casting heads,
equipped with two rows of casting needle injectors, diameter of which is of
0.1 to 2.00 mm, which pulsate by means of electromagnets with the
different frequency and pulse length, a conveyor belt with controlled drive,
a drying channel with counter flow drying, the reswelling tank, an
independent collecting low-pressure rinse system, and a lower drying
channel with counter flow drying in the lower part of the casting device. It
is also useful, that the independent system of high-pressure rinse by
means of a water salt solution in the collecting reservoir, comprising the
high-pressure pump for the pressure water delivery to the high-pressure
jets, is the part of the device. Enhanced efficiency of the mechanic wiping
of mass from the conveyor belt is.achieved in this way.

It is also important, that the device of the present adjustment, and namely
with this type of a collecting and rinse device, is able to secure the
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and denitrification, where the effective volume of The stirring-nitrifYing
reactor was 17 land the effective volume in the stirring denitrifying reactor
30 was 3.8 I. The flow rate of the real industrial waste water was 35 I/day
with the content of about 1600 mg/1f N-NH4. 34 2000 g of the
biocatalyst with encapsulated nitrifying bacteria was added into the
nitrifying reactor. 800 g of the biocatalyst with encapsulated denitrifying
bacteria was added into the denitrifying reactor. The average nitrification

raterihterutea08 cogarhis-Middstiak ingnebithizateip prtdvietiah9b4eed on the
nitrif'?ationlef%ci ney, and the average denitrification rate in presence of

m éa/r\'gl‘%lsat g%s%%gl?éte about 1600 mg of N-NO3 /hr x kg of the
bidtasalysefulaforthiz\@dodessgfiinetimniatploftiek upabeessliébing device,

R R O St AR PR e e P,
abeihicin &xaetiiaric\peiprmeeipehproiidpentheliitiss s akiglisal 45°
e e e B e EO8 e i
nitafiessiore antediaisficatiod atfjeswinest. by means of high-pressure jets
system, fixed on the supporting stainless pipe distribution system, which is
fixed in the frame, for the cleaning of inside and outside sides of the
conveyor belt, there are the lower and the upper wipers with polymer
brushes fixed behind the mechanic polymer wiper with the spring
mechanism, and for final cleaning of the conveyor belt from the prbduct in
the place where it runs out of the frame, it is further provided with lower
and upper wipers. It is also the advantage, that designed mechanism of
the wipable collecting device cleans also the other side of the continuing
conveyor belt, even in the case its inside surface is uneven, corrugated or
rough.
The device according to this invention can be also used for wiping other
adhesive stuff from the conveyor belt in productions of other adhesive
materials.

Brief Description of the Drawings

The invention will be closer illustrated by drawings, where Fig 1
illustrates the scheme of the casting machine, Fig 2 the scheme of
reswelling tank, Fig 3 the partial section of the collecting device and Fig 4
the scheme of the rinsing box.

Description of Related Technology
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Thus prepared immobilizates underwent batch fermentations. The
nitrification (nitrogen from ammonia removal) in the reactor with thel7]
effective volume, with thel5 | content of synthetic waste water (WW) with
20 the content of about 800 mg/I of §aNH4 and 2000 g of the biocatalyst
with encapsulated nitrifying bacteria, was finished after 12 hours, which
presents the nitrification rate of about 500 mg of N-NH4/hr x kg of the
biocatalyst, respective about 1.6 kg of N-NH41m3 of WW x day and 12 kg

of Thd hidéthd e et cials tnidtitio kil BarferitieRRRIONENS use in the

nitroﬁaen remq:val) in the reactor with the effective volume of 15.8 I, with 15

| cBRSATST YndiBiRORAEPING WitRThetasiCenialRSS ob¥omeansorof the
N-N@obiliEOhirit)ihg hintdehitpifyify coranndAqsbijiRynEIBaRHI, will
was finished after § hours in.the presence of methanol as C-substrate,
Wﬁf&dﬁt%?&?é &ﬁi}ﬂffégﬂwm%égﬁ'ﬁ%éut 1000 mg of N-NO3/hod x kg of
the biocatalyst, respective about 3 kg 35 of N-NO3/m3 of WW x day and

225 ka of N-NO3/m3 of the biocatalyst x day. The method for the
prod(lf(?fl'grllea d use of the above mentioned carriers in 5 the lactic acid

préuastibiiiedes sactiacatalysbsisatahdyrefcstiohth e Baciiup areguinshe

o ARsEafal B RO Mg Bacidt "NRbSemonss Surpeae and
Nitrobacter winogradskiy) pure mixed culture into PVA-hydrogel.
Immobilizates - biocatalyst for the denitrification was prepared by the
encapsulation of denitrifying bacteria (Paraccocus denitrificans).
Immobilization“'was performed in this way: The “solution of PVA: Which
contained 100g of “ PVA (polyvinyl alcohol),” 609  of * PEG
(polyethyleneglycol), 790 g of distilled water, was prepared.” 50ml- of the
homogenous suspension of biomass was added into the thus prepared
solution so that the resulting cell concentration was 0.60 g of the cells per
1 dm?® of a gel. Thus prepared cell mixture in the PVA solution dropped
onto a hard plate and then was cross-linked and shaped in a stream of dry
air at the temperature of 80°C to 15°C. Immobilizates, ratio of the surface
to the volume of which was minimally 7 mm™, were then moved into the .
solution of sodium sulfate (0.01mol/l) and ammonium chloride (0.1mol/l)
for 60 minutes. The immobilizates were cultivated or stored in a store
medium at the temperétdfe of 4°C, after the filtration. | -

In the case of nitrifying fﬁi¢roofganisms, the batch cultivation peﬁorhed in
a water culture medium with the gradually increasing content of the
nitrogen substrate 50 ‘mg/I to 500 mg/l of N-NH4 during which the
cultivation of bacteria occurred at pH 7.0 and the dissolved oxygen
concentration bigger than 1.5 mg/l.

In the case of denitrifying rﬁicroorganisms, the batch cultivation performed
in a water culture medium, with the content of nitrogeh substrate 200 mg/I
of N-NOj3 and other nutrients, at the temperature of 20°C to 35°C and pH



Example 4 10 The Bacillus coagulans CCM 4318 spore suspension was
prepared by inoculating with 0.2 cm 3 from the storage culture on, the
surface of the MRS agar with sterile CaCO3 (3h, 160C) in P. dishes (0 9
cm). The incubation run for 72 h at thg temperature of 50C in the
laboratory thermostat. Then the sporulated culture was overlaid by 5 cm3
of sterile 15 distilled water and moved into the Erlenmayer flask: So the
suspension Obtained was incubated for 25 min at the temperature of 70C

aﬂa.mam pmbl hcdweﬁmﬂtdhtﬂthy;]énﬁlshbsim:i%el@dméf ﬂ?\éﬁllnﬁﬁha‘lss in
The BVA.solution was prepare ich coptained 100.q of PVA (polyvin
NS R R R s T A
20 TA08f nileoh BViAg efiensHeccniivatiospension was added into thus

lut] .that the final cell trati 0.67 - cell
(oot B RlR. PRRAeeT o i ol ({REEVR. batch
5 sofieiorentatiprsl ofte anfteifitatise fmit-oyen Vescrassiokzd mrdalped the
[ [ f jient: 80Cto 15C. T,
i SEoR  Eae R o e Wi st 15 1 of

innnno 2 10 Of the surfacCe to the
migknthgtic maste weateth Wiy exbintéining saipigun 80Dategrolofidd-NHL and

f ' The i ilizat d.j tch -
o e R ST A Re TR e fpished
theafteradidours, Whidlipressnisdbegaititficatienperte mbedirt 500 raretfieNH,

b ions.in 51| s ith 2. dugcti
o S NS B U AR v
of JasanskBdig 0 NiNKRMTHI the bidcatalydtySAdyx 7H20, 0.05 g of
, ' istilled. .The .| . ..
AR SR S AT B o
teritjri8 leadiestives woitmenwitio thet hiecostéminafbiiptestivasasidagater

Thes t ' | d

o B O En RO AP 818 B Bhey st

15 folksirRy RamserRtedMityitiagn dasteria2ovasrfinichiad wheer Sohoiors. in the

| T?ré%%ﬂ%@%ﬁ*?ﬂé‘tﬁé«ﬁ?%%%’-éﬁ@?c@?e'?‘%?%ﬁ'}s’r&%ﬂ{#“ﬂ%‘&'&?s ffation
(20( from the ation

0 rpm). The 10 immobilizates were separate ermen

méalgnPhebiowe 2886raadetsbiRaheondgnelidheaicsatalysi daspective
ne tion NLRe-Seriet di tChyliernientaiions, Ssipartqpidabing - ¢
th(ea\b_éﬁq;gre, %nge@??eﬁﬁolIgsvimgnrg%ﬁ)r%sﬁ{%haé@;@qrﬁ L@ﬁf@p ﬁﬁﬁ ?f the
cdioeatalyststAYied at the temperature of 50C and pH 6.0 and the sixth
20 to tenth one-ef the 15 temperature of 52C and pH value of 6.3. The total
fermentatiOn duiatiOn was shortened during the repetitive fermentations |
- wdRramplik {the *first conversion) to 12 houri:(the tenth conversion) at * "

thetRetiGraRbYiRla RIS 1ok BaMd TBA P RN RARS LY CHY YR IARYA S5dve in
increased to 0.0650 / gimmobilizate after'the tenth conversion. , ,
Example 1, were used for the nitrogen pollution removal from réal’ waste
water with the high nitrogen pollution concentration 200 mg/l to 1000 g/l
25  of N-NH,4 and in fact zero dichromate value, in the cdhtinuél'adjuétrh'éﬁf*"bf
% hitrification and denitrification. | U
The continual model unit was used for testing the simtiltaneous nitrification
and denitrification, where the effective volume of the stirring" nitrifying
reactor was 17 | and the effective volume in the stirring denitrifying reactor
30 was 3.8 1. The flow rate of the real industrial waste water was 35 I/day' with

the content of about 1600 mg/l of N-NH,.
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20 Example 5 The media composition, -the immobilizate preparation and

the batch fermentation were analogical to those above mentioned in the
Example 4, just glucose instead of saccharose was used in the production
medium 25(60 g/1). There was 55.2 g/l of lactic acid and 1.2 g /1 of

glucose in the tenth conversion after 14 hours of fermentation. Example 6
350 g of the wet immobilizates prepared as described above in Example 4

30 was moved to 61 fermentor and 2 drns of the production medium was
372000 gmfethenbiotatalystiveith @b cppatatebaniteifyind lbsetarasivas added

1 . , i 0.05 g.of MnSai
55,08 SRS 8 M, SR S
pedeniteifyimgthadietin Waﬂdenlan@tﬁsdenﬂ@ﬁé@ haiarthe -

- K t of 6. itjon of the
A T8 A YL eh AR 2% e
cokipestadysivah ﬂﬁéycoittia‘iuaifom@ﬁﬁibaaydmmbskhwg)mﬂage %ie::ﬁfﬁﬁwation
tratiop. decr to -
B e S G RUSR A, TEid gtu-nos
froffirl 3g/kao Fodhe loivhstalysbnwaEshadhiticcacidiminge diben wesedalageek
X %Qéﬁ#%&.5mé”ﬁitFSaQ¥%8ﬁ\Eﬁ$WfP§%<¥¥%? ?a?egv%s about 1.5 kg/m® of

WW x day.

Example 3

The immobilizates, prepared and cultivated as described above in
Example 1, were used in the nitrogen pollution removal from real waste
water with the high content of nitrogen pollution 200 mg/i to 1000 mg/! of
N-NH; and high dichromate value (>1000mg/l) in the continual
nitrification and denitrification adjustment.

Thus prepared immobilizates underwent batch fermentations. The
nitrification (nitrogen from ammonia removal) in the reactor with the17 |
effective volume, with the15 | content of synthetic waste water (WW) with
the content of about 800 mg/l of N-NH, and 2000 g of the biocatalyst
with encapsulated nitrifying bacteria, was finished after 12 hours, which
presents the nitrification rate of about 500 mg of N-NH4/hr x kg of the
biocatalyst, respective about 1.6 kg of N-NHs/m> of WW x day and 12 kg
of N-NH4/m® of the biocatalyst x day.

The denitrification (nitrous nitrogen removal) in the reactor with the
effective volume of 15.8 |, with 15 | content of synthetic waste water with
the concentration of 800 mg/l of N-NO3 and 800 g of the biocatalyst
with encapsulated nitrifying bacteria, was finished after 6 hours in the
presence of methanol as C-substrate, which presents denitrification rate
about 1000 mg of N-NOs/hod x kg of the biocatalyst, respective about 3 kg
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Example 7 The media composition and the preparation of the
immobilizates were 15 identical to those above mentioned in the Example
5. 350 g of the immobilizates was moved to the 61 fermentor after 10.
conversion and 2.5 dm3 of the prodggfion medium was added, which
contained 60 g glucose, 5.0 g yeast extract, 0.8 g of (NH4)2HPO4, 0.2 g
of MgSai x 7H20, 0.05 g of MnSai x 4H20, 0,01 g of FeSai x 7H20 in 11 of
distilled water. 20 Fermentation was permanently stirred (200 rpm) at the

tesR NGRS SR ONRHK Gy kant 22iBckgabfeNbNDG /M eptbetibwatalyst x

medium was gradually batch after the glucose concentration decrease to
Zéﬁyx dm-3 and fermented medium of the same composition was taken
away in such way to keep the residual saccharose concentration in the

TR rREE Tor ES RRg R s PE R ARPIR FRAGh et fers in
a‘ihbcfam&ﬂﬁatwrpmdhetrangkwﬁmmrmm dﬂbgtmmes Bpemeans of the

T

thmmrae@a nﬁ&e&BlioV\hag’restbmpfes.the production and use of the above

mentioned carriers in the process of the ethanol production from

saccharide substrates by means of Zymomonas mobilis immobilized cells

into polyvinyl alcohol gel will be illustrated by the following examples. 5
eo? O ml of the culture medium in 250 ml cultivation flask

(s XA For

20 min. at the e of 121C) was prepared. T
e B9, CERGUIRER <o B A VAo SUP P S22t by
9 pid¥aRahy WihHER: dnt® ofrisir 20 4stdPiYe Wulluresen(phefrsarfade Bisthe
e T
th%mﬁﬂiumﬁnfbwaszwatam Stéhqaésature?éldfo 88°Bouin atttbdaboratory
e BB S MBI Pt
COfRIEON die? S8l reiolivatipno |ﬂ$d§SEiIHa rrzgevoilgakisBovihe apspension
hORRIRAARE SIHR B ST LR S By then
306z 8l inarsomeassoilizaticiténteaibe pagvingigicdheB(RMALgeful to stir
the g\L}K' gclalﬁﬂtgln -lv_vg% %Pe”ﬁ%?é’d, which contained 100 g of PVA (polyvinyl
alcohol), 60 g of PEG (polyethylene glycol) and 790 g of distilled water. 50
ml of the homogenous biomass suspension was added into thus prepared
solution so that the final cell concentration was 0.67 g of cells (dry matter)
per 1 dm® of a gel. Thus prepared cell mixture in the PVA solution dropped
onto a hard plate and then was cross-linked and shaped in a stream of dry
air at the temperature gradient: from 80°C to 15°C. The immobilizates, the
ratio of the surface to the ‘volume of which was minimally 7 mm™, were
then moved into the sodium sulfate solution (0,1 mol/l) for 60 minutes. The
immobilizates were used in the batch fermentations or stored in sterile fap
water at the temperature of 4°C, after the filtration. '
The biomass propagation was performed in the repetitive batch
fermentations in 5 | laboratory fermentor with 2.6 | of production medium.
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20was separated by centrifugation (5500 rpm., 25 min) after the cultivation
finished and used in immobilization. The PVA solution containing 100 g of
PVA (polyvinyl alcohol), 60 g of PEG (polyethylene glycol) and 790 g of
distilled water was prepared. 50 ml gfghe homogenous biomass

suspension was added into thus prepared 25 solution in such way, that

the result cell concentration was 0.56 g of cells per 1 dm3 of gel. Thus
prepared cell mixture in PVA solution was dropped onto a hard plate and
thdrhesgsrochestibnk enkaliuhs hepreid imsal 08P gr ofr ezoohdhasts mgatdf eyeast
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was added to thus prepared Im ize the wet
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20 solution at the température of 30C. This medium contained

g.GRNYEsSiomaifof athaurs (berteptheranueraion) ahihetastioacilisid of 91
coprerisalon was 1 Bignss: iR SORFLGI OdHGBYR O Ym%%?e?ed

mobilis ethanol immobilized into PVA carrier achleved 20
0.065gceus/immabiizate after the tenth conversion. ‘

Example 5 . .
The media composition, -the immobilizate preparatlon and.. the batch

fermentation were analogical to those above mentloned in the Example 4,
jUSt glucose instead .of saccharose was used in the production medlum
(60 gfl). There was 55.2 g /I of lactic acid and 1.2 g /l of glucose in the
tenth converSIOn after 14 hours of fermentation.

Example 6
350 g of the wet immobilizates prepared as described above in Example 4

was moved to 6| fermentor and 2 dm® of the production medium was



-.T.Athanolinligel/h Example 9 25 450 g of the wet immobilizates,

prepared as described above in Example 8, was added do 2.2 drn3 of the
production medium with glucose content of 200 g.dnri-3 (pH = 5.0).
Fermentation occurred in the batch way, permanently stirred (80 rpm), pH
was kept at 5.0 by addition of the NaOH (2 mol.dm-3) solution at the
temperature of 30C. Six fermentations were 30 performed in that way. The
ethanol content in a medium was minimally 40 94.0 g.dnris to 98.0

g.dadealtoitasit6amIRERIOBOAH T b bchHfos8105ey @Fideaklureset, 0.8 g
was 3é%1idm_3 to 8 g.dm-3 (i.e, 94 % t0_98 % of theoretic yield). 5 Example

10 PhéNHRRIT R4t R PAMIIRY prépabhtd 3SR MR aBd. 0019
ExagnpleSoyeterrser i Q500N badtalduof Hedio Feraeinia g i Wits PeeRsithed in

concentration of 150 g.dm-3 (jimmobilizates formed 30% of the

ferth AN WaiuRSVBRIRE] Y SLERRI44A8 Eﬂiﬁ)gaéftnﬁﬁ%ﬁ%%ﬁ@{eiﬁf 52°C,

5Ferpreniaiiprascomethd Vatubattho\abpeidaaisenibf sHeeshiBibma), 8tution
was keoosjat 5.0 bg/ addition of the NaQH (2 mol/dm3) solution at the

temig&rAiliré'oPBARE 188 HBNaBERIFE Rl FAREnEQYRRGREON with the

congenteationr32a g gt 3suasiirsien i dricthaitegtheualincobatch after the
concentration decreased to the value of 20, g.dm-3, af such rate to keep,
15 FRPRIIRRS GRRCRA IR ARSHRAS R R ATE oA B A o gtich the

g.dashdertretianil comrmtor 200ktibekeps ihlhe eagedrom 95861ad 30g/..
h ic yiel 20 h idual gl 4.6,9.
10t ecﬁ%% Irﬁgr’mtagfe trheolagtlljcrse’lctlh iF\erSr%g%?ur% Was %%’ga x%%‘graefter 15 hours,

residual saccharose was 2.6 g /I.

Example 7
The media composition and the preparation of the immobilizates were

15 identical to those above mentioned in the Example 5. 350 g of the
immobilizates was moved to the 6 | fermentor after 10. conversion and
2.5dm> of the production medium was added, which contained 60 g
glucose, 5.0 g yeast extract, 0.8 g of (NH4)2,HPO4, 0.2 g of MgSO4 x 7H,0,
0.05 g of MnSO4 x 4H,0, 0,01 g of FeSO4 x 7H20 in 1 | of distilled water.

20 Fermentation was permanently stirred (200 rpom) at the temperature of
52°C, pH was kept on the value of 6.3. The production medium was
gradually batch after the glucose concentration decrease to 20 g x dm™
and fermented medium of the same composition was taken away in such
way to keep the residual saccharose concentration in the reactor in the

25 range of 15 g/l to 30 g/l, to keep the residual glucose concentration in the
range of 10 g/dm® to 15 g/dm® and the actual lactic acid concentration in
the range of 40 g.dm™ to 48 g.dm™. The fermentation was performed
continuously for 40 days, average device volume productivity ranged from

13.5t0 17.0 (Qiactic acia X dM™ x h™") in the process.



Example 11 20 The Z.mobilis CCM 2770 immobilizates prepared and
propagated as described above in Example 8 were used. 450 g of the wet
immobilizates was moved into 2.2 dm3 of a culture medium with 150
g.dm-3 glucote, pH adjusted to 5.0. Bgrmentation occurred at pH = 5.0
and at the temperature of 30C. A culture medium with the glucose content
of 50 g.dm-3' was 25 continually batch, after the glucose content
decreased in a fermentor to the value of 10 g.dreto 20 g.drn-3, and

fernrpetegetiRd yor WasgRiagreshinstasdibtion: spevéhaleitorasdde@riers in
glucose concentration in fethientcir livasFin range of 17 g.drn-3 to 30

g.dHhS BFRCESRIR e thien SIBERCL RIRENTHR RO L SES JI8F R, BYbstrates by
9. dmsadL N @PRbPRoNas PSS ad eebiiniet siI30itrBIgdys wlibhol gel

the volumipal productivity of the device was 41 30 gethanoithdre.h-1,
whitllReriusTReAOYHES SRl RSN ESuction of 140

smgethanoi/mlgel/h. Example 12 5 The procedure is the same as in
example 8, Zymomonas mob//is subsp. pomacii CCM 2771 was used as a
pro R ®roorganism. The medium contained 68.3 g.dm-3 of ethanol

afterd® mpwirfersestaies, wedpuhe iieiSoahloghisa tonceasiatieeyiidged for
6.8 g.dm-3. 10 The method for the production and use of the aboye
7 Aluhof

mefAtiondd AriGJFMRRBIYSa hVER UGRATS; I hbikggemedium
sdlginnsinsuFengaststref gaeapssatast, iNvereaseNiA HEYIn slepbslgeS0, x

will be illus rataﬁ}g fofli ing examples. 15 Example VA solugion .
10pad BB R DAL R PR PR R (o QBonEN, 50§ sfstled
PEG4psiyesoylene ahgeil)m? H8 pdrdistilesswiniecuenafertagmZymomonas
preparation r (Sigma) (enzyme concentration, 100 gip was added .
GBS o g Ao L B By e A aGIE S0 FRedium
soluiahweas clibiveestostatiadigrfoplate tantBthencentadikethpachtihanefi30°C.
in adry air stream at the temperature gradient of: 80C tg 15C. The,
tinh b R D USSR IR S VREH T e shhgo 100 mi o
1 5minpuidlise 7maaidmwer ¢éhie ussl e tdeibieridedi Lo rap bsttasolint 50 Onl maltiigtion
forrﬁo\sﬁ({ 1%1l?ﬂminutes. Thei\%repared immobilizates ﬁ‘??q}be sﬁgred in 25 the 59,
10r 907 B THEaRSEE o R v oy &5 T e AR e (5%
Thus padiearéd oonobthtiedoeitayatiorcant teeutrdpertitareydfadsiS oCultivation
was performed at the temperature of 30°C till the biomass dry matter
value was 1.2 g x dm™, it is useful to stir the medium slightly. The biomass
20 was separated by centrifugation (5500 rpm., 25 min) after the cultivation
finished and used in immobilization.
The PVA solution containing 100 g of PVA (polyvinyl alcohol), 60 g of PEG
(polyethylene glycol) and 790 g of distilled water was prepared. 50 ml of
the homogenous biomass suspension was added into thus prepared
25 solution in such way, that the result cell concentration was 0.56 g of cells
per 1 dm?® of gel. Thus prepared cell mixture in PVA solution was dropped
onto a hard plate and then was cross-linked and shaped in a dry air
stream in the temperature gradient of: 80°C to 15°C. Immobilizates, ratio
of the surface to the volume of which was minimally 7 mm™, were then

30 moved into the sodium sulfate solution (0.1mol/l) for 30 to 60 minutes.
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saccharose solved in 10mM of acetate buffer with pH = 4,5. 120 g of
immobilized invertase was added 1000 ml of saccharose solution 30(100
g/l). Hydrolysis was performed at permanent stirring (80 rpm) in the 42
batch way at the temperature of 30C3d5accharose is completely
hydrolyzed after 50 minutes of hydrolysis into glucose and fructose.
Example 14 5 120 g of the wet immobilizates, prepared as described
above in Example 13, was added into 1000 ml of saccharose solution with

the e NBRBIERBO HIIMES8/ IM rrmob fizatesatedsuffropagatddit imethe 6 dm®
BB B S SeL B AR S el
3aRdnferiesntlicrianpbteds; khery ofa8eh mrrmbmmtennpmbpm ds culture
e R AR P R e ) Lonmianyy o
buﬁ@fﬁhﬁm Msat tﬂmtermﬁ[&mremﬂdﬂm 1|5|-Hydm$ys@dmepﬂerf¢Qm§c5|n and
e SRR, T S TSI o 257, i
mew @iteoved rahdia, Mmmmiumwmaeidagbtwabmmmmblhzates
R R AR SR Do ana o
3 frbetitanedionvessienadded to the immobilizates and the pH value was
adjusted to 8.5 (by 1M solution of NaOH). The pH value then decreased to
pH = 5 by spontaneous fermentation while permanently stirred (80 rpm),
and then the féfmentation was performed till &' glucose depletion. Fiuid
phase was removed and- a fresh medium was added to the immobilized
cells ahd the process was repeated 6 times. A céll’ dry ‘matter in thus
prepared immobilizates increased to 65.8 g of cells/dm? of geli -+
2.2 dm?® of a sterile production medium with glucose content of 150°g x dm
3 and pH = 5.5 was added to thus prepared immobilized cells (4'50 'g of the
wet biocatalyst). Fermentation occurred in the 5 | bioreactor permanently
stirred (80 rpm), pH was kept at 5.0 by adding of the NaOH (2 mol/dm®)
solution at the temperature of 30°C. This medium contained 73.8 g.dm™ of
ethanol after 11 hours of fermentation, while residual glucose
concentration was 1.8 g. dm™. The specific productlwty of Zymomonas
mObI/IS ethanol |mmob|l|zed into PVA carrier achleved 202 mgethanollmlgedh

Example 9

450 g of the wet immobilizates, prepared as described above in Example
8, was added do 2.2 dm?® of the production medium with glucose content
of 200 g.dm® (pH = 5.0). Fermentation occurred in the batch way,
permanently stirred (80 rpm), pH was kept at 5.0 by addition of the NaOH
(2 mol.dm™) solution at the temperature of 30°C. Six fermentations were
performed in that way. The ethanol content in a medium was minimally
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Example 16 The immobilizates prepared as described above in Example
13. 25 g of Wet immobilizates was moved into 0.5 | of molasses with
iacbhfbth 25 concentration i of 120 d/I,' pH 4.5 (adjusted by H2SO4).
Hydbl9ists Oei-formed at 'PH = 4.5; $9C and stirring 200 rpm. The
nrkilesses With the concentration of 120 g /I was continuously batched
into the fernientor, and hydrolyzed medium was removed in such rate to
aoliieve 1 the saccharose concentration of 30 g/l to 40 g/l (66% to 75%

Cﬁgr|§i@m;:% &0 eln?ﬂqt;(‘etimloeemrmmémienneﬂmr tizdreass,dantbthe

the Value 'O 4330 pecific.actiyity of t obl .

isieggyp/ gglbr’(l‘o(?;eo‘fv sa¥8h§ p reg f{ A %W éf ge%r@etlc
hqueéldp such mode. Example 17 5 The immobilizates prepared as

described above in Example 13 were used. 25 g of wet immobilizates was

moved into 0.51 of molasses with saccharose concentration of 120 g/1,
pI-Eﬁﬁ-nHwinQiysis occurred at pH = 4.5, temperature 45C and stirring 200

R R S DGR e st e i
S@h@ﬁfl@\%z?ﬁmmsaeﬂﬁhndshefwrm'eduatlcin ozad)tgﬂ Wit e @lewpse
|trcr)ﬁ7)°5ﬂ1f9ee9 ﬁténg glltl%r %‘SH‘T g%sr'fm rﬂ? vrltr)]/o the Immo |§2t8(f?sthe
0.ferméptatioto Grizdiury. lmmr(rge@MepummrmoéEQ)gr gfbflmmoblhzates.

ech'lrlezn%aP Sh %%3 r}&f i t%he batch way, permanently stirred (80 rpm), pH
was kept at 5.0 by addition of the NaOH (2 mol/dm?) solution at the
temperature of 30°C: 1500 ml of a culture medium with the
glucose concentration 320 g.dm™ was gradually batch, after the glucose
concentration decreased to the value of 20 g.dm™, at such rate to keep
the residual glucose concentration in fermentor from 15 g.dm™ to 30 g.dm
3. The ethanol content in a medium was 113.5 g.dm‘3, i.e. 91% of theoretic

yield, after 20 hours, the residual glucose was 4.6 g.dm™.

Example 11

The Zmobilis CCM 2770 immobilizates prepared’ and propagated as
described above in Example 8 were used. 450 g of the wet immobilizates
was moved info 2.2 dm® of a culture medium with 150 g.dm gIUcbs"é, pH
adjusted to 5.0. Fermentation occurred at pH = 5.0 and at the temperature
of 30°C. A culture medium with the glucose content of 50'g.dm™ was
continually batch, after the glucose content decreased in a fermentor to
the value of 10 g.dm™ to-20 g.dm™, and fermented medium was removead
in such dilution rate, that the residual glucose concentration in fermeéntor
Was'in range of 17 g. dm to 30 g. dm™ and actual ethanol concentration in
range of 58 g.dm to 65 g.dm . Fermentation was performed contlnuously
for 50 days, while the voluminal productivity of the device was
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15 mode of hydrolysis, which is performed continuously for 500 hours.
The method for production and use of the above mentioned carriers in the
glucose production process from the starch hydrolysates by means of
encapsulated glucoamylase into polyvinyl alcohol gel will be illustrated by
20 the following examples. Example 18 The solution of PVA was
prepared, which contained 100 g of PVA (polyvinyl alcohol), 60 g of PEG
(polyethylenglycol), 790 g of distilled 25 water. 50 ml of the enzyme

prefRgsinrs ot Uit Wihbby copreeppids Rrldesl spedindsirepmieproduction

solytion ~Thus prepared, mixture of enzyme in PVA solution was dr_opped
ont%*g%%rrg %ﬁﬁf@ﬁﬁdﬁﬂ%‘n was cross-linked and shaped in a dry air

stream at temperature gradient of: 80C to 15C. The immobilizates, the

ratigx%f&gﬁ ulr,f;ace to the volume of which is 30 minimally 7 nnm-1, were
then'mo e§in o0 the sodium sulfate solution (0.1mo1/1) for 10 to120

mirlitesproceduepiscttiensaivisiliasts exanvleterellymomonas mobilis subsp.
pomacii CCM 2771 was used as a production microorganism. The
medium contained 68.3 g.dm™ of ethanol after 15 hour fermentation, while
the residual glucose concentration was 6.8 g.dm™.

The method for the production and use of the above mentioned carriers in
the -preparation:of invert sugar from: saccharese. solutions- byimeans: of
encapsulated .invertase in polyvinyl alcohol gel will be illustrated by the
following examples.

Example 13 -
PVA .solution was prepared, which contained 100 g of PVA (polyvinyl
alcohol), 60 g of PEG (polyethylene glycol), 790 g of distilled water. 50 ml
of enzyme preparation Invertase (Sigma) (enzyme concentration 100 g/l)
was added into so the solution prepared. Thus prepared enzyme mixture
in PVA solution was dropped onto a hard plate and then cross-liked and
shaped in a dry air stream at the temperature gradient of: 80°C to 15°C.
The immobilizates, the ratio of the surface to'the voluhie ‘6f which Was
minimally- 7 mm™, were moved into the sodium sulfate solution (0.1mol /)
for 10 to 120 minutes. The prepared immobilizates can be stored in
the 10mM of the acetate buffer solution (pH = 4.5) at the temperature of
4°C. | |

Thus prepared - immobilized enzyme can be used ‘in the hydrolysis of
saccharose solved in 10mM of acetate buffer with pH = 4.5. 120 g of
immobilized invertase was added 1000 ml of saccharose solution
(100 g/l). Hydrolysis was performed at permanent stirring (80 rpm) in the
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44 in 30 % w. glucose, dissolved in 10mM of acetate buffer solution (pH =
4.5) at the temperature of 4C. Thus prepared immobilized enzyme was
used in hydrolysis of starch hydrolysate, for example, maltose molasses
(composition: high 5 saccharides 33%g of weight, maltotriose 20% of
weight, maltose 53% of weight, glucose 4% of weight), dissolved into
10mM of acetate buffer solution with pH = 4.5. 120 g of immobilized
glucoannylase was added to 1000 ml of thus prepared solution with

sabaltdiidwapn@&ntméorte@iﬁﬂé)&m{de Hyfirdpss. p@ﬁﬁﬁﬁﬂ@?@@g@%?@iﬁpletely
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hydroly3|s. ; Example 19 6600 nil of maltose Medium with concentration

0f1260 s sacaftaildesil 15 (pH 114.5) waS added ":to 200 g of wet
imExamiplect4 -prepared las described abCVe in Ekafrithe 18 at the
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Example 15 ‘ '

120 g of wet immobilizates, prepared as described above in Example 1'3,
was added into the 1000 ml of saccharose solution wifh the 'concentration
of 280 g/l (pH =4.5, acetate buffer 10mM) at the temperature of 30°C.
Hydrolysis was performed in the batch way, permanently stired. The
residual saccharose concentration is in this way 1.8g of/l~ after
360 minutes. The fluid phase was removed after hyd‘r"oljisi's,
and immobilized invertase was used in repeated batch hydrolysis by the
above mentioned procedure. The residual saccharose concentration after
240 minutes of hydrolysis was 3 g/l after 6 conversions.

Example 16

The immobilizates prepared as described above in Example 13. 25 g'of
wet immobilizatés was moved into 0.51 of molasses with-sacchaiose
concentration’ of 120 g/i, pH 4.5 (adjusted by H2S04). Hydrolysis® was
performed at ‘pH = 4.5°30°C and stirring 200 rpm. The molasses with
the concentration of 120 g/l was continuously batched info'the fermentor
and hydrolyzed medium was removed in such rate to achleve the
saccharose concentration of 30 g/l to 40 g/l (66% to 75% conversmn)
after the saccharose amount in fermentor decreased into the Valug'of
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used 25 g of Wet immobilizates was moved into 0.5 | of maltose molasses
with the saccharide concentration of 100 g/I, pH 4.5. Hydrolysis occurred
at pH = 4.5, temperature of 30C and stirring 200 rpom. The maltose
molasses with the saccharide concegtration of 100 g/l was continuously
30 batched into the fermentor and a hydrolyzed medium was removed in
such rate to achieve the glucose concentration of 50 g/l to 60 g/l (50/0 to
45 60% conversion) after the glucose concentration increase in fermentor

to B g/hboedo G/, @hmdﬁié@ﬂc'ﬁmﬁ\ﬁnemfthamwmiﬂméwmig%iﬁ (g of
t 111 noduc ucose
ol S B o e AR e U shehusece

5 for 900 hours. Example 21 The |mmob|I|zates prepared as described

'ﬁ pIe 18 were used. 25 g of wet immobilizates was moved
|nto g g I ? maltose molasses 10 with the saccharide concentration of 100

g/ITpe dsmiabilizayss pcepam:ﬂaﬂpl—dsst:ﬁndadnmlm&@rho%&p@d 13 were

[ with th id tratio
or 100 e co e AR AL, FO TRt crtyDalpsses
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hydrolysis performe continuo hou
saccharose concentration of 30 g/l to 40 g/l (66% to 75% conversion),

after the saccharose amount in fermentor decreased into the value of
30 g/l to 40 g/l. The specific activity of the immobilizate is 0.55 g /g.h" to
0.60 g /g.h™ (g of repute saccharose per g of immobilizer per hour) in such
mode of hydrolysis, which is performed continuously for 500 hours.

The method for production and use of the above mentioned carriers in the
glucose production process from the starch hydrolysates by means of
encapsulated glucoamylase into polyvinyl alcohol gel will be illustrated by
the following examples.

Example 18

The solution of PVA was prepared, which contained 100 g of PVA
(polyvinyl alcohol), 60 g of PEG (polyethylenglycol), 790 g of distilled
water. 50 ml of the enzyme preparation SUN Ultra L (Novozymes) was
added into thus prepared solution. Thus prepared mixture of enzyme in
PVA solution was dropped onto a hard plate and then was cross-linked
and shaped in a dry air stream at temperature gradient of: 80°C to 15°C.
The immobilizates, the ratio of the surface to the volume of which is
minimally 7 mm™, were then moved into the sodium sulfate solution
(0.1mol/l) for 10 to120 minutes. The prepared immobilizates can be stored
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20 Example 22 The immobilizates prepared as described above in

Example 18 were used. The medium with the composition of: maltose

molasses with the saccharide concentration of 195 g/l, yeast extract 5 g/I,

(NH4)2S04, 1 g/, 25 MgS04 x 7H2940.5 g/l, KH2PO4,1 g/l, all dissolved

in distilled water, pH = 4.5. 50 g of the immobilizer with the immobilized

glucoamylase was added to 1 | of thus prepared sterile medium. The

suspension was then inoculated with 10% vol. Zymomonas mobilis
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Example19 """
5000 mi of maltése miediam with concéntratior of 250'g of sacéhatidesil
(pH='4.5) was added ‘to- 200g of wet immobilizates, prepared ‘as
described abéve in Exarple 18 at the' temperaturéof 40°C. Hydrolysis
occurted in the batch’ way, permanently stirred. 180°g/l of giucose was
created in this way in'6 hours. The fluid phase Was removed after
hydrolysis and the immobilized glucoamylase was used in repeated batch
hydrolyses in the above mentioned procedure. The concentration of the
produced glucose is 178 g/l after 6 Hours’ of hydrdlyS|s after the ‘sixth
converSIon ‘ R "’z‘“
Exemple 20
The |mmoblllzates prepared as described above in’ Example 18 were
used. 25 g of wet lmmoblllzates was moved lnto 0.51 of maltose molasses
with the saccharlde concentratlon of 100 g/l, pH 4. 5. HydrolyS|s occurred
at pH =45, temperature of 30°C and stirring 200 rpm. The maltose
molasses with the saccharid‘e concentration of 100 g/l was continuously
batched into the fermehtor and a hydrolyzed mediqm was reth\'/ed' in

such rate to achieve the glucose concentration of 50 g/l to 60 g/l'(50% to
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hydrolysis of lactose solutions, in 0-galactose, D-glucose and
galactooligosaccharides preparation by means of P-galactosidase
20encapsulated into polyvinyl alcohol gel, will be illustrated in the following
examples. Example 24 The PVA solggon was prepared, which contained

100 g of PVA (polyvinyl 25 alcohol), 60 g of PEG (polyethylene glycol),

790 g of distilled water. 50 ml of the Lactozyme (Novozymes) enzyme
preparation was added into thus prepared solution. Thus prepared mixture

of f¥ermpymersiche afieA tEutinosss chnppeidtion ia\dﬂ%"db@aitﬁféﬁﬁentor to

k i afr air str. mperature gradije
ofetgfec 88%?1 g%ds%@ S%Jnnm%iliz&%s‘?’?ﬁéﬁghg%ﬁ\fﬁ% Qur 'fg' %blpzer is
volludglgthivhidh iDmigimdlTy Agnrofi, therpﬁbduc@@vgwméhq)eﬁlt@ogpfthe
th b p S 10 to minutes. The
or TGS BElhoL DR e o Ridlieliels Rt apnLously
6.3pndPiheuksdition of ethanol 5% t010%, at the temperature of 4C.
The immobilized enzyme prepared in that way had initial activity of 5 900
100 U.cnn-3. Example 25 The immobilizates prepared as described above

in Examplie 24 were

The immobilizates prepared as described above in Example 18 were
used. 25 g of wet immobilizates was moved into 0.5 | of maltose molasses
with the saccharide concentration of 100 g/l, pH 4.5. Hydrolysis occurred
at pH=4.5, temperature of 45°C and stirring 200 rpm. The maltose
molasses with the saccharide concentration of 100 g/l was continuously
batched into the fermentor and a hydrolyzed medium was removed in
such rate to achieve the glucose concentration of 60 g/l to 70 g/l (60% to
70% conversion) after the glucose concentration increase in fermentor to
the value of 55 g/l to 65 g/l. The specific activity of the immobilizate was
0.55 g/g.h™" to 0.6 g/g.h™ (the produced glucose per g of the immobilizate
per hour), in that mode of hydrolysis performed continuously for 1500
hours.

Example 22

The immobilizates prepared as described above in Example 18 were
used. The medium with the composition of: maltose molasses with the
saccharide concentration of 195 g/l, yeast extract 5 g/l, (NH4),SO,, 1 afl,
MgSOs x 7Hz0, 0.5g/l, KH,PO41 g/l, all dissolved in distilled water,
pH =4.5. 50 g of the immobilizer with the immobilized glucoamylase was
added to 1 | of thus prepared sterile medium. The suspension was then
inoculated with 10% vol. Zymomonas mobilis inocula in the exponential
growth period of microorganism. Simultaneous utilizing of the nascent
glucose andthe production of ethanol by means of microorganism



10

15

20

25

30

used. The lactose solution in 0.1M phosphate buffer with pH = 6.5 and 10
with addition of 2mM MgCI2, was used in hydrolysis. 130 g of immobilized
p-galactosidase was added into 1000 ml of thus prepared solution with the
lactose concentration of 100 g/l. Theigydrolysis occurred under

permanent stirring (200 rpm), in the batch way, at the temperature of 30C.
The fluid phase was removed after hydrolysis and immobilized
p-galactosidase was 15 used in repeated batch hydrolyses in the above
memtomeEtdro tesl ingirolysis prbceseonTAREHCF 2 BA O Rvedsoblaaiassd in this
after 210 %%’ES of hydrolysis. Example 26 The innmobilizates prepared

as GesinEa b3y Example 24 were 20 used. The lactose solution in
0.1M phosphate buffer with pH = 6.5 and with addition of 2mM MgC12
Wa?)ﬁLﬁ%dlin Egdrolysis. 1309 of immobilized p-galactosidase with the

initial ac |vﬁy of 786 U.cm's was added into 1000 ml of thus prepared
soltheninitiokitizste s prepatedioaso e ritedHubolsimotrple 18 were

R Y B W B e
descabarigeseontebO & 8Ag phbeg\afdyatist @ktizatcH ly dfqlisRy;MIPOL) 0.2 g
SNSRI B ASRIEE £ o
witligsahethéntiondistifiet evatber coékarblewawilisedexptaineersidhe. 50 g of
fu"tﬁ@'ﬁﬁﬁﬁblﬁﬂ?ﬁ@%ﬂ?irﬂ?ﬁ&ﬂ?ﬁzad glucoamylase was added into 1 | of thus
prepared sterile medium.. The suspension was inoculated with 5 % vol. of
Bacillus coagulans spore suspension. The simultaneous utilization 6f the
nascent glucose and the lactic acid production by means of
microorganism occurs in the hydrolysis process. There is 55.2 g/l of lactic
acid and 1.2 g/l of glucose in a medium after 24 hours of fermentation.

The method for production and use of the above mentioned carriers in
hydrolysis of lactose solutions, in D-galactose, D-glucose and
galactooligosaccharides preparation by means of B-galactosidase
encapsulated into polyvinyl alcohol gel, will be illustrated in the following
examples.

Example 24

The PVA solution was prepared, which contained 100 g of PVA (polyvinyl
alcohol), 60 g of PEG (polyethylene glycol), 790 g of distilled water. 50 ml
of the Lactozyme (Novozymes) enzyme preparation was added into thus
prepared solution. Thus prepared mixture of the enzyme in the PVA
solution was dropped onto a hard plate and then cross-linked and shaped
in a dry air stream at temperature gradient of. of 80°C to15°C. The
immobilizates, the ratio of the surface to the volume of which is minimally
7 mm™, were then moved into the solution of the phosphate buffer
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48 following description just illustrates the principles of an application of
the invention principles. The picture 1 shows the present construction
version of the casting device 5 for the production of the immobilizates
based on a polyvinyl alcohol carrier,4ir adjustment for the continual
industrial production. The construction version includes the dropping
casting assembly, situated in front of the upper drying channel 2, which is
formed by the dropping casting double-row head or heads 17 which is

(HERSHIRRS M 6'8) T0rra0sef 20ensiasiiog. iMhetpreparedoimenbiiizates
the pressure tempered tank 16 a

ac ressor or anressute air o ...
i S15TE AR RESBRAIRy RHLR S S AG R AW Gr) SARk i aglition of
CRMYENEI bittd Vith cartielledhgevatavefid @uipped with a drying
system - the sgurce 4 of a drying air, from which the dehumidified airis.
tr%ﬁ@pd?%ﬂ%“&% Wﬁ%?aﬂfgﬁﬂ}e% Weﬁﬁ%?o\”% i‘ri]t% h'eplglﬁg altliity of
distiautipn sy sigrh 6 with integrated heating elements , which runs into
the upper drying channel 2 at several points. The continuous conveyor

belt t after leaving the upper drying channel, runs through the reswelling
tapkamfpre B8 final drying channel 3, which is situated on the opposite -

bottom side of the casting devige, intp one, side 20 of whic inel
lekBg iMARILERISS %E%Hﬁé véﬁtifg%P%e%r ?1298 Yrean@pg r)tEgo&g ‘% ry% were
aipdedn theeu pRsto sy B tianmel) Udé dolootEhate vayiie betithreiidryBd and
after leayipg the rinse , and from the Qther sjde o i
1@3?‘5%&&955?& gmlﬁﬁgﬁh%se ﬁ%éﬁ?e%%ﬁgcﬁgﬁ'd{e%gg g)f E@s%%m ed
oipthalactsifass mashkailedvipiod 600 a8 bighys gseparethselutiorivith the
connected with the collecting teseryoi 1] ' ent
B AR RGOS Al o L G Somi g Jriek permaner
widhirifiteg (208! fpot);fretiseieapehmpalQ ahthicterppeseiueepohdd i, dhe fluid
the rinse box 13, for cleaning th inti t s lvas
BB AR R A SIS AR I g oS
pipekinvidpbeted tmtchrytipdlysesdinthg alsodermestioned pracadure. The
integrated between re ljng, t ' ' 5SRO sis.
AL SO g et B g A A R ey
innmobilizates production based on the polyvinyl alcohol carrier, is as
folg))\(/\gn :Iy‘fsmlxture of the polyvinyl
The immobilizates prepared as described above in Example 24 were
used. The lactose solution in 0.1M phosphate buffer with pH=6.5 and
with addition of 2mM MgCl, was used in hydrolysis. 130 g of immobilized
B-galactosidase with the initial activity of 786 U.cm™ was added into 1000
ml of thus prepared solution with lactose concentration of 100 g/l.
Hydrolysis occurred continuously stirred (200 rev/min.) in the batch way at
the temperature of 30°C. The duration of conversion was constant. The
immobilizer activity decrease by 5% to 10% was observed after 25 batch

hydrolyses, which generally lasted 160 hours.

The arrangement of the casting device for the production of immobilizates,
based on the polyvinyl alcohol carrier, which are mentioned in the above
examples, will be explained in the further text. It is obvious, that the
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5 alcohol gel and the biological matter is transferred or poured, from the
dropping casting assembly, formed by two casting heads 17 equipped
with two rows of casting needles, the diameter of which is 0.1 to 2.00 mm,
pulsating by means of electromagneig of different frequency and pulse
length, onto continuous conveyor belt 1 with the controlled drive, which 10
runs through the upper drying channel 2. The mixture for dropping, casting
is batched into the pressure tempered tank 15 which is connected to the

ConveyOr belfl is secured by a free of maisture-Water air obtained from
thi'¥ “ﬂ'ﬂlgr'gﬂfggﬁheriq dehumidifier 4, which ‘funs over the first 15
auxiliary ventilator 19 ;and the heating elements placed in the air

ditionipg distribution pipeline 6, whi nt , .
orL BRI R BRI et el BEE e48ting dpvice
offgre teperddiintiothasin¢h@. ifmaabilizatextiasedhered potkvimto @heohol
ti : yor. belt h ' ith 2
nEAB Ty SOICEn, Sl o R o o (P *Fne
baseestragtiop rstisitrolintiodese therd ippitigedasting assamblywiitugted in

device 2. This device is equipped with o :
wAEPL oS oy TRl ST S5 ERE e foALOU, £ dopping
is casthegtddublthedndbpaddenheiadsit i ewhistuiss(aeea cbiivipipech with two

25 belt b f '

ot 4 B, So TR IS 200 SR HE R R R ARl tank
cot§egnd belchrispiealptroatadiigasieenainf neesipisisifl fitekhin URPAASHYING
box 13, lows 14 ' inerali ' :
R RIng 2 BRI CofHJogy PRVIRL R 3 EE e drive

30rads Tisesiquippedsyith wadeyiog Bysiery stthe saureechefayanyan asdrom
anifﬁéﬁay"cﬁg "HUIIRAAREAIBR" SYCHEnTRE NIt CHITUBYRY 26K TriithSniliary

led 1n the lower drying channel 3, into which a drying air is

blaentiiator i ujsier theirmjrchistilutioneystamphanits, intpalategheeating

se ilgar il S ' i
oS R A s g SRR el pone

oufiag TRrdiMeusictonveysicheitide afiasteaving dhedrrRTiNRg sRanNel,

EL@B%SW?JQH@#% k%ﬂ@ﬁaﬁlﬁfana%efﬂhﬁu% - HihABI ADNEHRh is

om, In the lowest point The outlet valve 22 is’situated for i
letsityadedtnn thedoppasitethdatianeside fithesastinodrvissnaip Ppeiside

L Wﬁﬂ%ﬂ@ RS Idead e RROBIANRIP ARNANF L etitiliien 20U@Y the

sp the conveyor belt immersion into the reswelling aqueous salt

- softmaspadt 19f ehidrying taifkiams ik dBpeFu A 'ﬁﬂ)tﬁ}?ﬂf@{aﬁﬁﬁifﬁﬁétﬁe

pi%ﬁé 3 P G A YT HRCHAS IE Ry rRPIR R IBEHNEBIanE S8 thélether

wipa ecting device 97in this version consists of side frame 25,in . ..
wisideraf whieh ke eyt ddhef i3 ahivase Bl eadeQubrdsigwipable
aSaSﬂéfeliﬁ.% Y dBe SPHBEiRRES Wit BRSpRRIYpR bhaheRHaaiBrenpiNg and

assembly 28 is formed by thrust regulation screw 34 with washer, on ..

25 wHhiahiRIeRHg JiRepladiah TReCRMNRTIE G NI R SAYETINTHURRENSY 8.

forgasniRi thBrSSAwEIeSs RivieiNRg eoibingrosttingssimalesfuiped with
distribution system fixed in the frame 25 which enable the rinse atthe ...
angrolings by dbe. inelingimibsipiparatesiigbrrepsriraB TR Rad low-
with tha afitydinabrepulafin teien s SBEXT9B bYJh & Ieahagothe CtRNEnilious
31. The lower and the upper wiper 29 with the polymer brushes.32 which. ..,
conveyor belt 1 by means of the jets joined to'the low-pressure-pump’14,

30 iwhich is connected by the pipeline with the rinse’ ‘tank 12 containirig



10

15

20

25

30

25 are fixed on the upper frame 33, while the conveyor belt J. runs

between those wipers, are firmly situated on its inner and also outer side
behind the mechanic wiper 27, for the cleaning of the inner side of the
conveyor belt. The conveyor belt is gguipped with lower and also the

upper polymer wiper 29 for the final treatment of the inner and also the

outer side of the 30 conveyor belt 1 at the point of its way our of the frame
25. 51 The wiping collecting device 9 function is tooled to the production
linfohahistelibed eratel g ddntegrdtethbebiabeth ¢heoresyelingltankidsadtht the
already from the lower secfjon of the device, hence in site direction. It
is" Sﬂ@,gfﬁg%]§‘HFglﬂﬁkgg;ﬂﬂ%tﬁ‘%?fﬂgFﬁﬁ@rgd%%/?cneggggﬁon onto the 5
corhe Yah&edinl o trevdendedefdothe immainiizatesitiproditetione rasgdooitsthe
rem%?val fr mltré?z)c nveyor belt is bfﬁ(f(ii’v on thq.lf]actrm)a& Jpee g\eqqﬁnbc&bvinyl
wipRY ¥R 8'S h&R ﬁ[pf%sgar c} WY atrelrin cOoperation the
praotichdisiremadntiee biotegitale mbtter dentrapsfareddl of heowredudrem the
the conyeyor belt 1 is at first led to the high-pr. re fi ich .
o USRI AR SBine B oD S NG SEE f0a0s 17 BQtiphad wit
detliue renhvisy g esmsting et @tled)ithevdidmetee ahgihioh4® 16.dotagadia@imm,

RIS (i DO S ch TS QLA and pulse

raleggythf, Sotetd Teotim inwer conveyou bedr firwithiiteel aonérellzg witvehavhich

| b hich simul fi  helt 1 .
o G Hebe ARy é%gi%%:%ﬁﬁgﬁﬁfﬁfﬁ@ﬁ:ﬁg
& battbachjonivenipes A e tethnpaite eRadsan ? e
coneyor el 1 eopes et N B HE P ne
wiB%Piééﬁ?%?fw ich'it'is |ﬁaﬁ'reatec5 on bottrsides. 20 The picm

shesrwéyercbedtrl dsosasiusd rhise ise10f MaisturezWaler 2in ebtained from
veLsion is d 1 ith.the li thel PL 3

il Ga s oS Mhdnel @, AHAT I BUet Cate i
betnkifiamg whittiitiose 1@ randrdh riveatiog tekwrmenting, dﬁ&@mﬁb Wathe air
3% H?Sﬁ%@dl&%ﬂﬁ&ﬁ ”ﬁf&eﬁﬂe‘lo@owd BHRRS Hse fé‘ﬁfﬁﬁratijre

supply pipe 41 is mounted in the upper:part 36 and' in' the same way the

logeadientifetheoupperctigogochansmbandiwbich leasisiiale inask segaient of
. ; . ‘ e
S gEer A 6%5%@&%& Aheirixssheidptamidesfo the

the upp of water froth the conveyor belt and in the

'sarnptinapuapeepvEyardittd dhepomirsdtyendn the Irsuraiipgankng with
ri“ﬁ%b@é%%@)ﬁ?%ﬁglig %@&ﬂﬁ’i‘,@ﬂ@ﬁ%ﬁ%f@@eg?&d%f@,ei!é?ﬁﬁﬁrﬁagiﬁﬁates

lower assem segments 46 and 47. INDUSTRIAL UTILITY The
préssedrremuiyviayl icabel eatfier prsadatachpehinithisn allpeliag, wipable

Whighgle d .t?ﬂﬁ’s_f%fe%ﬂf_éi%@aﬁ;ﬁpéaomwff%%yemytﬁedﬁ@waﬁs@.sure
water trealment, in particular in nitrogen compounds bioloegical removing.. .. -

frowatersaRpuispyed Pwhidk-wressyrevasBPaliandiigisranddpal system
i”qg%ﬂﬁh\é@%& WRIRES InBERRS IR ENE DI AT D PHIRGR) GemeRmadscHethe

converted into gaseous nitrogen by.:0hysiological activity of nitrifying and

conveyor beft occurs by means of the polymer wipable blade and the jets
by an aqueous salt éélutibn supplied by high—preésure pump 10. The
conveyor belt 1 is finally treated by means of the jéts situated in the rinse
box 13, low-pressure pump 14 and the rinse demineralized water is
collected in the rinse tank 12, into which it flows down from the rinse box
13. The low-pressure water delivery system for the conveyor belt rinse is

connected to the independent circuit. The wet conveyor belt 1 is then
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10 denitrifying bacteria, and further in the production process of lactic
acid, ethanol, glucose and glucose-fructose molasses, in lactose
hydrolysis into D-galactose and in galactooligosaccharides production. All
of them are Sr:61661;816i( 'Means 'gpthe device which provides
_continuous industrial production with the capacity of 1 kg to 10 kg of the
immobilizates of 15ientiKate tradernark pertiOUr. Ic: the deViderfcii'rthe
prOdiithian Of the .irrimObilizatei2cdeelidedIQilifielbOd indUstry;

;|dhsNyigaYRRQiteatisine aigifier shiasié! Beietetwwhinliestdong airis ddown
e e 5 51 e SRRLEL BRI oo
?ﬁggﬁﬁ&eﬁgﬁgrﬁgguﬁam; gmmmmwwq_ﬁtenaieﬁmmmﬁymd
SRR 916w T 2 R B e s 36
collecting reservoir with cooling 9 - collecting high-pressure devise
The picture 2 shows the construction of the reswelling tank. The reswelling
tank 7 in this version consist of the tank 21 with an oblique bottom, in the
lowest point of which the outlet valve 22 is situated for letting out the
product and the reswelling salts solution. The conveyor belt 1, led by the
couple of leading tension rollers 23, which simultaneously specify the
conveyor belt immersion into the reswelling aqueous salt solution 24, by
which the tank 21 is filled up, runs through the tank 21.

The picture 3 shows the construction of the wipable collecting device 9.
The wipable collecting device 9 in this version consists of side frame 25, in
which the mechanic polymer wiper is situated on the stainless pressure
assembly 27 with the spring pressure assembly 28. That spring pressure
assembly 28 is formed by thrust regulation screw 34 with washer, on
which the spring 35 is placed. The wipable collecting device 9 is further
formed by high-pressure jets 26, joined on the supporting stainless pipe
distribution system fixed in the frame 25, which enable the rinse at the
angle of 45° to 80°. The stainless pipe distribution system 30, is equipped
with the altitudinal regljlation, which is secured by the regulation screws
31. The lower and the upper wiper 29, with the polymer brushes 32 which
are fixed on the upper frame 33, while the conveyor belt 1 runs between
those wipers, are firmly situated on its inner and also outer side behind the
mechanic wiper 27, for the cleaning of the inner side of the conveyor belt.
The conveyor belt is equipped with lower and also the upper polymer
wiper 29 for the final treatment of the inner and also the outer side of the
conveyor belt 1 at the point of its way our of the frame 25.
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10 high PresSure puhip 11 - delivery low-pressure pump 12 -*rinse tank

1513 - rinselBOX- 14 =rinse loWLPressure pump 15 - pressure tempered

10 1 to12 | tank 16- compressor 17 - casting dropping head 2018 - ouffall

of a waste wet air 19- the first ventilager 20 - the second ventilator 21 -

tank 22 - escape cook 25 23 - tension roller 24 - reswelling salt solution 25

- side frame 26 - jets
The wiping collecting device 9 function is tooled to the production line
behind the reswelling tank Z, from which the conveyor belt 4 runs out
already from the lower section of the device, hence in opposite direction. It
is obvious, that the product applied in the upper device section onto the
conveyor belt 1 is now upside down in vertical position. The method for its
removal from the conveyor belt is based on the fact that the mechanical
wiper 27 and also the high-pressure jets 26 affect in cooperation the
product adhered on the outer side of the conveyor belt 1. The product on
the conveyor belt 1 is at first led to the high-pressure rinse, which is
ensured by the pressure distribution system of the aqueous salt solution
delivered by pressure jets 26, which work at the angle of 40° to 80° against
the mechanical wiper 27 with the spring pressure mechanism 28, an
inclination towards the ‘conveyor belt 1 of which is also controllable in
range of 5° to-15°. The lower and the upper firmly fixed wipers 29, with the
polymer brushes, which simultaneously final treat the conveyor belt'1 on
its inner and also outer side, are mounted behind the sprung mechanical
polymer wiper 27 on the stainless pressure assembly 28. The conveyor
belt 1 leaves the frame 25 over the lower and the upper polymer wipers
29, by which it is final treated on both sides. |
The picture 4 shows the construction of the rinse box 13. The rinse box 13
in this version is formed by the upper part 36 with the lid 43 and the lower
part 37 with the outlet 38 connected to each other, between which' the
conveyor belt 1 runs while these parts are connected to ‘the céstihg
machine frame 39. Furthé‘rmore, the upper rinse jet 40 connected to the
rinse water supply pipe 41 is mounted in the uppef part 36 and-in' the
same way the lower rinsé jet 42 connected to the supply pipe’41 is
mounted in the lower section 37. The adjustable pQ:"I:ymer wipvel*s'f'\_lﬂ‘:éi"e
fixed on both sides of the upper section 36 for wip’iﬁ'g of water from ‘the
conveyor beltand in the same way wipers 45 are fixed on both sides of
the lower part 37. The rinse box 13 is fixed to the CéStiﬁg machine frame

39 by the upper and the lower assembling segments 46 and ﬂ.‘ ’
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27 - mechanical wiper 30 28 - pressure spring mechanism 29 - upper,
lower wiper 30 - distributing pipe 31 - adjusting screws 32 - brush 33 -
upper protective frame 5 34 - thrust regulation screw 35 - spring 36 -
upper section of the box 37 -lower sggtion of the box 38 - outfail 10 39 -

casting machine frame 40 - upper rinse jet 41 - supply pipe 42- lower rinse
jet

INDUSTRIAL UTILITY

The present invention can be used in the production of the immobilizates,
which are intend for applications in food industry, pharmacy and in waste
water treatment, in particular in nitrogen compounds biological removing
from drinking, supply and waste waters (waste, agricultural, municipal,
industrial waste waters), present in which various nitrogen compounds are
converted into gaseous nitrogen by:physiological activity of nitrifying and
denitrifying bacteria, and further in the production process of lactic acid,
ethanol, glucose and glucose-fructose molasses, in lactose hydrolysis into
D-galactose and in galactooligosaccharides production. All of them are
broducédbf/ means ‘of the device which provides continuous industrial
production with the capamty of 1 kg to 10 kg of the lmmoblllzates of

Lenthats trademark perhour.”” = - caw s anmobnzetal

[P - . . oA . . . Ty v . Yo s st e s PR . .
IRV IR PO REEME I e T : BT AR G P aEy WASEOIL N
B A o (PR R TSI -m.‘: I v.‘i.\«,.x BRI SO R R ;.'zhf»i Lt TilaAd Yy Wahh e

$H

The' device Tor'thé production of the immobilizates, ‘destined- for the"fdod
industry, ‘pharmiacy applications and for waste watéf: {reatriient!-can’ be
used in continuous production. SRS PP F AR ST
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43 - lid 15 44 - adjustable wiper 45 - wiper 46 - upper assembling segment
47 - lower assembling segment 20 55- 48 - CLAIMS 1. A method for the
industrial production of biocatalysts with 5 biologically active material in
the form of immobilized enzymes or gnicroorganisms which are
immobilized in the polyvinyl alcohol gel and their use, wherein the active
biological material, formed by the mixture of free native or pretreated
(aggregated) enzyme catalyst, or production microorganism, or part of
thehtlRhdSheQfo RELNTERD IS B0 8sed for 10 their industrial
production, the mixture is gelated and shaped in a stream of drying air in
the temperature range of 80C to 15C considering the extent of the
biologicahyeyaibetiavithatoattbiedidciavalyst geometrical ratio of the

suréa_c v hﬁP larger than 7 mm-1, substantially in the form of
small t&) tset,Pe?r% c%rrgsﬁequér%tly thus prepared biocatalysts can 15 be

culBvdawesdsyingcchadnieén use in biotechnological processes under the

congdit] ' res.qi lotechnological, process higher
pr?ccijucti ﬁ]yv ﬁ!g e?%é%du%ﬁcﬁ{nﬁgjn%? ér??y%ﬁ%&&%@@l@%eferm and
regeatbaalifgyelemesats aviajirpipedineontrol with consequence easy

SeRA ARG R URRRAIANT s fdem
7 —reswelling tank in the lower section of the production casting device
8 — collecting reservoir with cooling
9 - collecting high-pressure devise
10°- high prestiie pump > 417
11 - delivery low-pressure pump
12 Zrinse tank- © ¢ v
13 <rinse BOX- =~
14 ~inse low:pressure’ pump
15 - pressure tempered 10 1 to12 | tank
16 - compressor
17 — casting dropping head
18 - outfall of a waste wet air
19 - the first ventilator
20 — the second ventilator
21-tank
22 - escape cock
23 - tenéibn roller
24 - reswelling salt solufion
25 — side frame’ o
26 -jets
27 - mechanical wiper
28 — pressure spring mechanism
29 - upper, lower wiper



2. The method according to claim 1, wherein the industrially produced
biocatalyst is repeatedly used in repeated batch fermentations or repeated
fed-batch or continuous fermentations. 253.The method according to
claims 1 or 2, wherein nitrifying micrggrganisms are encapsulated into the
polyvinyl alcohol gel for the preparation of the biocatalyst, destined for the
nitrogen pollution removal from waste water, and the biocatalyst is shaped
into lens-shaped or small belts form , and consequently the immobilizates
are3uitdliatebufingapipe3Onutrient medium with the nitrogen substrate

co%t nt of. 50..mg/l to 500 mg/l 56 of N-NR4, at pH 7.0, at the temperature
of JJC'{% &?(t,m NS he dissolved oxygen concentration higher than 1.5
mgdi2 4bflish method according to claims 1 or 2, wherein denitrifying 5
mitgggr%gnisms JLe.ene sulated into polyvinyl alcohol gel for the

prepara J%ecgﬂ'i?ee&%\(':%ta ,edestined for the nitrogen pollution removal

5 froddwdbtastsegylatidrirselsacatalyst is then shaped into lentils or bands,

and gonsequently the immobilizates are cultivated in a water nutrient
medium witl’nitrogen substrate content of 50 mg/I to 500 mg/l of N-NO3,
10 -7 peirthectionpafr therbat 20C to 35C, and at presence of methanol
as gL- rate.| of depitrifying microorganisms. 5. The method
acc?grc(:jiﬁgpt%lc a?rtr'%’f:l%ir%e,v%ﬂ)e(rein Zymomonas mobilis anaerobic
bad@ri@uifalbncapsulated into the polyvinyl alcohol gel for the 15

pregsrati t locat destined for the ethanol production from
10 Properetan Al heRnRR Yl

saccharide substrates, and biocatalyst is then shaped into lens-shaped or
sl bélppefiinseigtonsequently the immobilizates are cultivated in a
wajgr gg[yﬁw gium with the saccharide substrate content 2% to 25% of
weight at the‘temperature of 20C to 40C and pH 3.5 to 7.0, at the 20
etHehdPpesEnge jebm 1% to 15% of weight. 6. The method according to
claggs fqer 2, wherein Bacillus coagulans thermophilic bacteria are

encapsulated into the polyvinyl alcohol gel for the preparation of the

15 pigthtapditsiablmviprsr the lactic 25 acid production from the saccharide

20

sut_argtr_a‘mdgepnd the biocatalyst is shaped into lents-shaped or small belt
form, and consequently immobilizates are cultivated in a water nutrient

métfuntRRerasseabiag seguigntate content of 2% to 14% of weight at
thgi;emwgpggsgfn%i%%m%pH 5.0 to 7.5, at lactic acid or its salts

presence from 1%
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30 t012% of weight. 57 7. The method for the production according to
claim 5, wherein strain Bacillus coagulans CCM 4318 is preferably used
for the production. 8. The method according to claims 1 or 2, wherein
enzyme glucoamylase 5 is encapsulgted into a polyvinyl alcohol gel for
the preparation of the biocatalyst, destined for the hydrolysis of starch and
cellulose substrates, and the biocatalyst is shaped into lentils or bands. 9.
The method according to claims 1 or 2, wherein enzyme invertase 10 is
encgpauieed into the polyvinyl alcohol gel for the preparation of
biocatalyst, destined for saccharose substrates hydrolysis, and the
biocatalyst is Shaped into lens-shaped or small belts form. . 10. The
method according to claims 1 or 2, wherein enzyme 15 (3-galactosidase is
endapsulated into the polyvinéll ‘alcohol gel for the preparation of the

biodatalyst, e SHAEWfor BAetdRE nHURIER! aREPHECHRGalQEi0ocatalysts  with
D-dbisesfcany gabtivwolgaearthatidgrepieabrtion, ancthdbfidirragalyghies or

shaped into Iens-sha\@ved or small belts form. 20 11.The method accordin

to CTRIFFSOTIRISERD, WiHERe AT En I MARLRRZ A dRgy RRMYIBY¥LgrPhol geP and
hydiiediisigsef b epsieheiosscaoBIbIsIB YA eaatenslToim 8 Byofhaeaigilture of

of saccharide substrate at the temperature of 20C to 50C and pH = 3.5t0 .
7 01156 133Uy% RIoIE 51 (DG RIEH SE AU G RRANSIncd rREpuction

polyniosd @igahrraebinghe Bfghweseante fesationaagbedauh&d glainesused for
G R v R e K S TR
sacehaigie gulistiattheonrieipe aitthe temgerafugd at 266 16 4S5 Camsldering the
3O‘?‘e?(tteon ‘of the biologically active material, at the biocatalyst geometrical
ratio of the surface to the volume kept larger than 7 mm™, substantially in
the form of small belts, and consequently thus prepared biocatalysts can
be cultivated or stored and then use in biotechnological processes under
the conditions, which ensures given biotechnological process higher
productivity, higher production and enzymatic stability, long-term and
repeated usage or definable process control with consequence easy

separation of the biocatalyst.

2. The method according to claim 1, wherein the industrially
produced biocatalyst is repeatedly used in repeated batch fermentations

or repeated fed-batch or continuous fermentations.

3. The method according to claims 1 or 2, wherein nitrifying
microorganisms are encapsulated into the polyvinyl alcohol gel for the
preparation of the biocatalyst, destined for the nitrogen pollution removal
from waste water, and the biocatalyst is shaped into lens-shaped or small
belts form , and consequently the immobilizates are cultivated in water

nutrient medium with the nitrogen substrate content of 50 mg/l to 500 mg/I
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58 13.The method for use according to claim 12, wherein immobilized
glucoamylase is used in saccharification of starch-containing substrate in
the fermentative ethanol production. 5 14.The method for use according to
claim 12, wherein immobilized glucoggylase is used in saccharification of
starch-containing substrate in the lactic acid fermentative production
process. 15. The method for use of encapsulated p-galactosidase into
polyvinyl 10 alcohol gel in the D-galactose, D-glucose and

gﬁamuﬁgpaapﬂlatm@t therteraperatneafilg 10 tted63C, and theldissolved
wherein thus immobilized.enzyme le in hydrolysis of lactose

sEILYRRY Q\ﬁﬂ?%n}ﬁgoz{bg@%?\e\/}g@%ggﬁgﬂghde substrate content at the
temperature of 20C to 60C and pH 3.5to 7. 15 16. The industrial

produgction devijce, providing optimizati f hiolggical caryi u ;
Chad QPN A g a AT e naitriar o et BerfiHying
a gastg gastimsisarél Bmapsatated frovio opelyng oklaohel (ge! for the
through which ntinuou % . rnNs i |
T R e B oA Bb e ot e B P e ffoval
twieorowgaste astiter need it siocatalystie dhah tshapesk it lentilseps pands,
tank (16) and a compress . nyeyo dpyi ;
o QRS SR BB EE LT A0 nution
vantidiiominvdtiamitiogistrisulisinadgscemtee) witdhagpdeat@Pr8e/b afify-NOs,
ele 5).vhi ns.intat iAg C | e
Io@E%r%l%r;t/t\ﬁrlleg%w n%glﬁ(\g% an(g_g? re(:sféj%ng’tagrﬁ? [%I%%?\%@Sé Lv%hich Egﬁnol
wiping Grsubisitcatinip dase o{deritilyingdu|aiesigasisiibthe basis of
mechanical wiping and high-pressure rinse, which is coniected to a
pipeline with integrated high-pressure pump (10) and low- 30pressure .
puBn{T (e ynetinganco eding|dotivlgires chvoir is WHETEBORAERAMANAR P abIlis
N ROX S b LU SR IOUR SN RYRIPL it thENgb /GAMNAI&hol gel for the
preparation of the biocatalyst, destined for the ethanol production from
saccharide substrates, and biocatalyst is then shaped into lens-shaped or
small belt forms, and consequently the immobilizates are culivated in a
water nutrient medium with the saccharide substrate content 2% to 25% of
weight at the temperature of 20°C to 40°C and pH 3.5 to 7.0, at the

ethanol presence from 1% to 15% of weight.

6. The method according to claims 1 or 2, wherein Bacillus
coagulans thermophilic bacteria are encapsulated into the polyvinyl
alcoho! gel for the preparation of the biocatalyst, destined for the lactic
acid production from the saccharide substrates, and the biocatalyst is
shaped into lents-shaped or small belt form, and consequently
immobilizates are cultivated in a water nutrient medium with the
saccharide substrate content of 2% to 14% of weight at the temperature of
30 to 60°C and pH 5.0 to 7.5, at lactic acid or its salts presence from 1%
to12% of weight.
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59 jets connected to a low-pressure pump (14), which is connected to a
rinse tank (12) by pipeline. 17.The industrial production device according

to claim 14, wherein its 5 collecting device (9) is formed by a frame (26), in
which the mechanical wiper (27), witkithe spring pressure mechanism

(28), and the high-pressure jets (26), fixed to the frame (25) at the angle of
45 to 800, are mounted, while the upper wiper (29) with a brush for inner
side conveyor belt (1) cleaning is firmly mounted on its inner side and
ofposite tPrke rhethed huridhlewired (RTipanddherdimyelgordiaitn(1,iswherein

AR S R TIAC B HEF Ao e g feton.

PRODUCTION OF 5 BIOCATALYSTS WITH BIOLOGICALLY ACTIVE

MEHERRERRSAFEIIOR IS 2 WRfRlar b plusgamyiese

AFNsDe'HdE|H§Lu§iEd Ao BHEODENMIC RIEGHRIT Bl Fop RizD pepratioro of the
§th0d ;ﬁe adﬁ%ﬁ%erflf ﬂn r&déolcféé% &‘%?Qrt@h’ %tﬁd".’ggllgil‘alé)&igﬁﬁtrates,

€NnZymes or microorganisms
whint the bivoatzlizstdsrebahedivlips/legtildcyHogigds. and their use based

9. The method according to claims 1 or 2, wherein enzyme invertase
is encapsulated into the polyvinyl alcohol gel for the preparation of
biocatalyst, destined for saccharose substrates hydrolysus and the

blocatalyst is shaped info Iens-shaped or smaII belts form. :

ol U

10. The method according to claims 1 or 2, wherein enzyme
B-galactosidaseis encapsulated into the polyvinyl ‘alcohol gel for ‘the
preparation of the biocatalyst, destined for lactose hydrolysis and the D-
galactose, D-glucose and galactooligosaccharides production,‘-'iand‘ the
biocatalyst is shaped into lens-shaped or small belts form.

11. The method according to claims 1 or 2 or 9, wherein thus
immobilized ehzyme is used in hydrolysis of the saccharose solutions with
content 2% to 50% of welght of saccharide substrate at the temperature of
20°C to 50° Cand pH 35to70

12.  The method for the use of encapsulated glucoamylase
into polyvinyl alcohol gel in the D- glucose preparatlon accordlng to claims
1 or 2 or 8, wherein thus immabilized enzyme is used in hydrolys;s of hlgh
saccharides, prepared by partial starch hydrolyS|s with 2% to 40% w. of
saccharide substrate content, at the temperature of 20°C to 45°C and pH
3.51t07.
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15 on the fact, that the active biological material, formed by the mixture of
free native or pretrated (aggregated) enzyme catalyst, or production
microorganism, or part of them, and the polyvinyl alcohol gel, is used for
their industrial production, the mixtumgis gelated and shaped in a stream
of drying air at the temperature of 80C to 15C, considering the extent of
20 the biologically active material, at the biocatalyst geometrical ratio of
the surface to the volume kept larger than 7 mm-1, substantially in form of

sngll beltyhanthetmse doenibetiagsqrtipg sl timoatdRswitereie tottichitized

or stored and then use in, biotechnalogical prec i . it :
R B LS I A TR R SR HLE N, Foaeis
pPrpdURlinTeAbstiee Bthaticl peddiistiéong-term and repeated usage or
definable process control with consequence easy separation of the
biocatalyst. 61-59 - extent, consisting of a casting mechanism (17)

me4nted MHeoMethadrionqsbaacuarigoctginvtizh wheneinudusobilized
conveyor belt (1).runs, is equipped with at leastco, Sti KRt
I BSRTESE G Hega I eRore o ey huafig e
talrkthbleatid adiccfenpertativélpioduettmmpegceslt (1) and a drying
system - the source (4) of a drying air, which is blown by means of

ventilator into an air distribution system (6) with incorporated heating

eldments Hewhathaodrfsinisetiof enpapsitztesd haatectogidass intmeotndnyl
lower final dryin npel a hes Ing tank (7 ' ;
W SOED D1 He AR AR e CaleeReiiehetices
mecspaiatibigiogoadindiih-paissure ein2e owiih vsheyeia cadstdramobilized
pipeline with integrated high-pressur ; dlawy : RO
L T L e or Uliont
bosatSiaiide sibatoate contenbabaheg tpmperatuaief BYj6idesithécaned pH
to§1 %/6/-715pressure pump (14), which is connected to a rinse tank (12) by
pipeline. 20 25

16. The industrial ‘production device, providihg optimization "of
biological carriér volume and surface in dependence on biologically active
material extent, consisting of a casting mechanism (17) mounted in front
of a drying channel (2), through which a continuous conveyor belt (1) runs,
according to ¢laim 1, wherein the device is equipped with at least one
casting head (17) with two rows of casting needle injectors connected to a
pressure tempered tank (15) and a compressor (16), the conveyor belt (1)
and a drying system - the source (4) of a drying a’i)r, ‘which is blown by
means of ventilator into an air distribution system (6) with incorporated
heating elements (5), which runs into the upper drying channel (2), and
further the lower final drying channel (3) and a reswellingutar)k (7),
between which a wiping and collecting device (9) is rhbunted, desigvned on
the basis of mechanical wiping and h‘igh-pressu're rinse, which is
connected to a pipeline With integrated high-préssure pump (10) and low-
pressure pump (11) running into a collecting reservoir (8) with cooling and

further a rinse box (13) for continuous conveyor belt (1) final cleaning by
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59

jets connected to a low-pressure pump (14), which is connected to a rinse
tank (12) by pipeline.

17. The industrial production device according to claim 14, wherein its
collecting device (9) is formed by a frame (25), in which the mechanical
wiper (27), with the spring pressure mechanism (28), and the high-
pressure jets (26), fixed to the frame (25) at the angle of 45° to 80°, are
mounted, while the upper wiper (29) with a brush for inner side conveyor
belt (1) cleaning is firmly mounted on its inner side and opposite to the
mechanical wiper (27) and the conveyor belt (1) is equipped with the lower
wiper (29) for final cleaning at the point of its exit from the frame (25).
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Abstract

Titte: THE METHOD FOR |INDUSTRIAL PRODUCTION OF
BIOCATALYSTS WITH BIOLOGICALLY ACTIVE MATERIAL IN THE
FORM OF IMMOBILIZED ENZYMES, OR MICROORGANISMS
IMMOBILIZED IN POLYVINYL ALCOHOL GEL, AND THEIR USE, AND
THE DEVICE FOR THEIR PRODUCTION.

A method for the industrial production of the biocatalysts with biologically
active material in the form of immobilized enzymes or microorganisms
which are immobilized into the polyvinyl alcohol gel, and their use based
on the fact, that the active biological material, formed by the mixture of
free native or pretrated (aggregated) enzyme catalyst, or production
microorganism, or part of them, and the polyvinyl alcohol gel, is used for
their industrial production, the mixture is gelated and shaped in a stream
of drying air at the temperature of 80°C to 15°C, considering the extent of
the biologically active material, at the biocatalyst geometrical ratio of the
surface to the volume kept larger than 7 mm™, substantially in form of
small belts, and consequently thus prepared biocatalysts can be cultivated
or stored and then use in biotechnological processes in the conditions,
which ensure given biotechnological process higher productivity, higher
production and enzymatic stability, long-term and repeated usage or
definable process control with consequence easy separation of the

biocatalyst.

The industrial production device, providing optimization of the biological

carrier volume and surface in dependence on biologically active material
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extent, consisting of a casting mechanism (17) mounted in front of a
drying channel (2), through which a continuous conveyor belt (1) runs, is
equipped with at least one casting head (17) with two rows of casting
needle injectors connected to a pressure tempered tank (15) and a
compressor (16), the conveyor belt (1) and a drying system - the source
(4) of a drying air, which is blown by means of ventilator into an air
distribution system (6) with incorporated heating elements (5), which runs
into the upper drying channel (2), and further the lower final drying
channel (3) and a reswelling tank (7), between which a wiping and
collecting device (9) is mounted, designed on the basis of mechanical
wiping and high-pressure rinse, which is connected to a pipeline with
integrated high-pressure pump (10) and low-pressure pump (11) running
into a collecting reservoir (8) with cooling and further a rinse box (13)
for continuous conveyor belt (1) final cleaning by jets connected to a low-

pressure pump (14), which is connected to a rinse tank (12) by pipeline.



