A METHOD FOR | NDUSTR | AL PRODUCTI ON OF BI OCATALYSTS I N
THE FORM OF ENZYMES OR M CROORGANI SMS | MMOB | LI ZED I N
WEOOTYNOE¥® ALCOHOL GEL, THEI R USE AND DEVI CES FCORCZRHEIM0015
PRODUCTI ON 5 FI ELD OF THE | NYENTI ON The present
invention relates to the nethod for industrial
production of biocatalysts with bioactive material in
A METHOP HORf BYIRSERIALNABOAUCT @Y OB nEAPFREALYSTS it BB rFQRN| PnENZYMES OR
MICROOR@%B? |I|M2'I@aIIrIﬁEB oql\l),@?mlméq; %H%IFOL]_ @ElgeITHEHh SF Hbé\iDr DEVICES FOR
THEIR PRAOUCTENY al so to an industrial production device,
whi ch enabl es optim zation of the volune and area of a
bi ol ogi cal carrier according to the extent of
bi ol ogically active material, which :;lhtifdes; a
casting nmechanismsituated in front of a drying
channel , through whichla continuous conveyor belt
r . THE | NVENTI ON The encapsul ati on
5 offllﬁn'Dce% ﬁggi% g a pol yvinyl alcohol 'carrier
or a polyurethane carrier is known in the field. The
met hod for the prodctibn df 20 a biocata yst with b g
cal |y ade vlél’ei‘ﬁ&nér|rblﬁntl¢ntf&iatesf¢®rrihe mettiod for industrial

BEHOPROE Tps BB A Sl 5 1 o
"iRvelpjlized Ienzyﬂnes)‘ or hﬂ@rboﬁgahlsih§ nafetilized iﬁzpdﬂﬂ'rlﬁﬂtalcohol

24 179 PVA- as, a carrier for biologically
9‘1 fadnthel; u P, .@dhﬁm ;p a6 indyistrial progietion slavine;, omhich

adnagpies cﬂﬁlnal%tlgﬁ o ‘i’l'\é’g\hﬂ eCaha! ﬁ?édasp of '8¢ bﬂﬁ+ga§%ld%arner

manuf act accordi ng 1S Nnet roves
rnagsiesding afio ﬁ’teabxtarltwfdmnbgroady tamtlgel matatiats whish #idiodes a

icularly.i & t br asion resjstance
Pt BRpRAS Rt s FRGT o Funas AN TRInkY GhE which a
| comtinueds Eealeydrdsdit wingperti es, the production of a
gel body in a reactive and kinetically suitable

15 Iens shaped 30 form is possible. So the gel body

kﬁﬁﬁ’o resistant for nore than
severa rmUN[f?rU even m&'ﬁﬁgﬁrevol ution stirring,

conpar edto those fornerl y known. Due to the lenticular

sﬂ‘eoe char cterl ed. by
encaps ation of micro” bacterla using a polyvinyl alcohol ‘carrier or a

10

polyurethane carrier is known in the field: The method for the produétion of
20 a biocatdlyst -~ with - biologically ~active ~ matefial” ‘in - the"* form*' of
microorganisms, enzymes;*'spores  anhd/or cells, which - ai‘é"”ﬁ’l‘écé@‘iﬁ
polyvinyl ‘alcohol gel (referred toas “PVA: gel” i the furthsr text) rs
disclosed in CZ patent’ 249 179; PVA-geI as'a gel carrief for blolo‘glcally
active material is hlghly suitable' for the production of " chemical ot
25 biological catalysts. The gel bodty manufactured according to this method
' proves higher mechanical stability compared to gel bodies formerly
known;,’ particulerly 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 Iene-eHebed
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



| arge di aneter and | ow hei ght, physically, chemcally
or biologically active material is always situated
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reactive and kinetically useful arrangenent. The

bi ot echnol ogi cal procedures, which utilize PVA-gel as

a carrier of biologically active material, are known

inthe field. The utilizations of the above nentioned
renovi.ng of nitrogen from
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W©9§§@8’5113Na§h i IS a_h@lt ri ull?éay'pob}['léétﬁhgga ofand

paraneter is y re ate’dtot e si'ze
aﬁch’tQﬂGéBBg(polynmyi alclohel)r Ebelrmntldmeclacaﬂerst ar@ansétﬁ (usually)

oL JHECTGobiBfioh St Henl Sulas Wiy if epfien” previctisly
\Nehl‘l&ﬁéd'bﬁ\'eweﬁloust %ygmrﬁ”parﬂf:ul‘ép%ysmﬁﬁyr% Kéf,qgflfm(gbﬁ){’for

surface of a carrjer_wth.regard to
nBxamples dhe processesiRECARAIE oa REGAAIR), elmatralso dlrectly ifithe
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aplp‘?‘d ﬁ'd arg V\t"l'l'er egaﬁe tq e wolume of g leactrre ar mnre precrsely

bi | d:
(SR O OSRHTRELER0R Y i, T . i
f pararmter/rsrrgreotlyrremm to tha srraebéawaaetbs and td tl‘mlwa"Q@water
asure,.3-mm which neans at

Rl g piresifiaBRCRUSS obeniaiuanced n partotlar by

the amount (or more preclsely by weight or volume) of a carrier- ‘Withthe
glven specific’ surface whrch is- plaCed |nto & reactor; For example Sthe
nrtrogen pollutlon removal process by means of bacterlum rmmobrlrg éf‘3in
a’ polyethylene glycol (PEG) carrrer |n the shape‘“of'“tablets wrth
geometrrcal dlmensrons SN 3 and 2 makes rt possrble to chlevé the
nutrogen removal rate from '0'34 kg/m Yo 1! 14 kg/m per a day wlthrthe
content of 2% wiv wet bromass of actrvated sludge in a carner (T
Sumlno H. Nakamura N Morr Y. Kawaguchl Immobrllzat|on of Nltrlfylng
Bacteria by Polyethylene Glycol Prepolymer Journal of Fermentatron and
Bloenglneerlng, 73(1), 37~42 1992.) B R




the carrier (S/V) assunmes val ues of approxinately 2 mm
1to6 m1l. If a |lens-shaped or band-shaped carrier

w0 300a4ets8 | ess of a biocatal yst can be used cOPEECEZDOT/000015
the current processes using.the immobilized cells for
ni trogen conpounds renoval from potable, industrial
and waste waters, even at the sane or higher intensity
of the process. Another alternative use of a ge

' I p_bi ot echno. ocesses is in _the method ]
¢ Bloweier: fheaeRanh PR SPBRITCTGEoMESTa) suagaiel a Gakder wit
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conpared to bacteriua, is the fact, tha pr o
j Malueacarg stilk)usedo e demoving mifregan dtanonseweages water by

k6. (i terile. air aragtjon requirenents).
5§ S CPSS Rl NeBE L BB R Shert for
atbraoviagenifrogér éroav evisto waderseiet 1 ha! The airflersaliSiaiy used
salts preparation, during which prol onging of
£ ElaasHle:51Tem. MichEIeAbEdAGINGTrayio o de SuRBee éu theawolume of

o ek S P B
i ety st o
OHE fifcon 18 b frant OB SRR IR AR SRl for
| pitgeRt @rhpolindd RSHOTARENSpofaBid, ShddstRhl bhE WESHESwaters,

barTate

Lact obaci |l us, which convert a sucrose substrat
(9ver athessarne & highgs inteayityaof thegproeesser at ure of 300C

' [ C . ac] ifh di.ff ! -, -)-. .
15 AnORRr AR el @rhed of & Belbadielin g7 6ehraptr taraestnds s in
tthe metibecior lacticeadid piedudtibnu Ak 464 i$ WSy 'usal, particularly
productign. The immobilization of m croorgani sns by

eRcBBaPa: PhATManeytigal andiehemical induskny, smongst nﬂfte{ﬁ&dlaactic
i i i . . reac.t or.
ot Ros TR byce g‘f@%ﬁggf’fE@?@&S@%g‘?‘éfﬁﬂﬁﬁ'&"af"y by

niddmemtoukhifungie eindd baotesias t ©f othee fildnositogs CRIngs, iRHifopsus

natural or synthetic gels. The o
Cgl%l%bg,s o(r)foryzae i a goo& }ac ic acid producer. The indisputable

20
advantage of it, compared to bacteriua, is the fact, that it produces just
acid L(+). However, the fermentation mode is aerobic (high sterile air
preparation requirements). The aerobic 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
calcium carbonate (Mattey M.: Critical Reviews in Biotechnology 12, 87-
132, 1992).

The advantage of bacterial fermentation is its anaerobic mode, hence the

30  simplicity of cultivating devices and lower sterility requirements. Bacteria

of the genus Lacfobacillus, which convert a sucrose substrate (glucose,



cells nmust be bigger than the pores of the carrier so
that cell release does not occur, while sinultaneously
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products to the encapsul ategy cells. I nmobilization of

| actic bacteria into different carriers is currently
known. Above all, these are carkge' ehans, pectates,

al gi nates of the natural geis (Norton, S.'et al.:

Enzynme ' M crobial Technol 16, 457-466, 1994; Richter, .
isucrosen/lactoge) at Biet tepmearature of 2§°g4tp 40 fgglto;la%gc@_wnth

el..al .. e NO Eng: )

izt (AR BEY SRR DIz a8l fSrmy Sotteht aBthidihg P plangttics of
ahe pr&iIosTEald srimbliigluséddbonindusitfal péabudiien. 1985). Th

I mobi | i zates are produced in the for f balls vvit|h .
diheniserp biizaRers A i OSFaANIEs BV SPospSHIEgRpIRT delarriers is
rel e i nt i y i .
GFECHE e A SRR, 08 gl dcotmncptmng iy sescor
fwithoutfa biomassrgrbwih inea dhorougblyFernentesi radiun this mstbod

Sl it A b TG Pl
%ﬁﬁggh%?’é BidoRs iﬁjeﬁf tHehsorealdf the cAnfbrhey thaticthipblease does

| mobi lization is lactic bacteria

enntagmouir awhite simultaneovslyyensiying the Bae | diffiesion pfjas syhsirate

nuner ou d to other carriers. First
o?nEPTOqS%C% éﬁg%gﬁ%ﬁ@g@(%‘ls}, or i croorgani sms,
Hﬁﬁrﬁbwililbémﬂﬁﬁf fubtib| IRactévies irdw adiffermmit carriers is currently known.
physi cal - mechani cal , properties, there are no side. . .. ..;
oAb aliothase ABcrasaGRaIaNs, ReCtateS HRRnateR &Y tis fatural gels
Shaitdd, t &4t i pérobra: Foctiro hasmes, 19%: Richter,
|¢lr\ jbold’isz/'a t|%‘n %)\E ce @Z%o?@h?cr?enfomg according to tKI:ﬁee
aliovet nant i Actad Bioteehnobn ils 228<34der 4991t oYane J. et al:

8ot BSBPBHAT G ar e o st 204D) B atkiiide B dne
OfyiftHENE CaRiErSl(FURONIBDEE MEn2yARY Mierebidl iTeehhoh 7, 164-168,
procedure), because the cross-Iinki ngq of the matr

matrix., ..
0t@85)s The imraobitizates  argr prodycad in dhe faru of bally witEdigmester

t | d . - Li_nki ' a87ing:
(B St 45 33mB LSS B Byl 356 roleVabL el iio BFiBfing
besiufioRC HowEvRl, HheSdigadiantag@3pf sbightinetiroaiseis that the ball-
| ens-shaped form of imuobilizates a&sure

. m .,o_PtjrraI_..,._
| shaped fom widharaneotiizaiee causenLidigien dimitations iiside the
balls. The whole gel volume is not used and as a consequence, the

C

microorganisms only grow just under the surface of the ball.” .

Another suitable method fﬂol‘f‘imr.nbbilizé‘tion' is lactic baif:teria encapéuiétibn
into a polyviny!' alcohol ‘gel. This has numerous advantages compared to
other carriers. First of all it is cheap, nontoxic for mjici:roorganisms," hardly
biodegradable, has excellent bhysical-rﬁédhahical pfaﬁertiés7 "tlhereié'f'e no
side ‘effects on microorganisms and it'shows long term stability ’(‘Pa'tiDE
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 microofg’anism

after immobilization and a high rate of surviving microorganisms after
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for the growth of mcroorganisns and the production of
lactic acid. The immobilizates prepared by this nethod
sem conti nuedT/aazho7/000015
continual fernentation operegion nodes. It is
general ly known that yeasts Saccharonyces cerevisiae
or other yeast mcroorganisns, which are able to
convert glucose and ot her saccharides into ethanol
during the process of fernen*ﬁ_lation are tr |t|o al |

umbnwatmepr@csaua» BRCRISCARAHORS IRKING FaaRAL aFpurs
flﬁ lﬁ]gﬁ?é’@ﬁéﬁ an 5 n@%u%"'r@@a@é@%bu Pr@nfshrhsé&i Woéétﬁlres

roduction for industrial
a)TCerS@lmhngmskeezlﬁgttEat IBE 48r2APRY) pnhardsasting m a system

h@éﬁBS'a%%ﬁwf R0 S it FOPRGSiES e Bnsre et fom o

@llli’étegré&ki?&" 8pfthakldaan®y of tHe Whoke Yomaefaid varrier
acu tatively anaerobic mcroorganism |t has several

ddv dne fale‘sltlt@rfrpnncmrg@mymsa@d the qaredugticnneh lagtic acid. The

rvgap zgta nrEBARaE b up HEher GRS, et KHegety i baton

psHL&dntUAREh@Roniitudl desnerdatioe ogertivonnodesd oxygen
supply and produces |ess sjde netabolites

nkisgenerady kgpwadbat yersts ﬁ@gp@@r@n@gpwrewsmte or other yeast
ﬁﬁ;@?éﬁ%@ﬂé A fich 2 apid icf Boﬁ\ﬁéﬁgbhbéogé ot Baccharldes

C m croorgani sns. met abol 1 ¢ pat h one
nake etfarg! thomg the mooess beermentatiomuirestraditienallynased for

ctherPREEHoE 68 eftAnclbiin e greniptivn o T GpgR ot el nd wine

by ,q,gm {tha Foldation dreAR&soligred gétianfel industrial, food
?o uc ??@%@t bLég tbggo yi eod (g al cohdgl /g gl ucgéne)usl S

ranet efiiel opirposes tRemtJy,ergr@w"@ndntesesis i teghnplegies; HRing

sast Si)’] ;%,SFW Ejt?%t b ﬁpfhgnél tg%%f ?\bﬁé%f‘a f@hn%m%g\@ mobilis is

Ceﬁé' Bﬂa’cheﬁ‘rlsbcﬁéﬁél GRodudel o pethahohn lmdges (g?agemegatlve
. D.E.: Pat. U S. 4403034, Rogers

afacu'ltaﬁvelyuagxmql@%gmcsmrg@rﬁlgﬁh W hag 6§ever$atadvgn§ges

G454 4, By TS OFRERRE 8, g v

biomass productlon), 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
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
alcohol/g glucose) is raised to 0.49 with bacteria, and is usually 0.44 with
yeasts).

Fermentation with the assistance of free Zymomonas mobilis cells can
occur in batch, semi continual and also continual operation modes
(Rogers P.L., Tribe D.E.: Pat. U.S. 4403034; Rogers P.L., et al,, Pat. U.S.
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floccul ating m croorgani smegnd etc. (Arcuri E. J., et
al., Pat. U S. 4413058; Rogers P.L., et al., Pat. U S
4443544). The fernentation product (ethanol) is
accurmul ated in a liquid mediumand is isolated al nost

entirely by distillation. Lt i | rable duri

Asdads: salzosn WVs Gt ald et Uois‘?%@#? ;Bett ek ot GB
gog%bgg?ss by sedi nentation, centrifuging, filtration

nd the”li ke, without regard to the arrangenent and

t he temmcddaugy resedichElitersst dhasstoicused obnthatincrease of
i ncreases, distil]|ation ener r eqyier. ,

BHHIDB5ISEA PERGRMR BhguPPng BRI RG dng: i FTRgent of
FRRAERKUS deRRBEItR Vatious TEh@RREIBAs TTIrndeimapleccell recycling,

requirenents and can al so influence product quality.
Ghet tise of Hlocculating MCOARIANISMS @ingn@{jc.(gfrcm Haselet al., Pat.

r [ must b chi.eyved,. .. Th roducti on

Rt 4 PecBbs R Spartilohar U A% Nt 01 “bi omss

| Thefdraiameatict prdductsthanélh i asduniulatetsineaniquid medium and
condi tions, increased bionass _con‘ ent causes .
sinoisoleigth Rlimost rﬁi‘“f?'yremhé’éfdéat'?'@)r tp@oﬁﬁ%‘(é@ﬁ @yring product
g.l . i .
SRR R o3R8y SREcSitehber SRplaroy soapidnaton,
geenthifuging, diltréttoroand Itie fike nwitheut negdrdibe the arrangement and

m cr-oor gani sm i bil.ization. . ation 0 g€k~
cli fRarBoiogy Wk HoBvaGt TBeRE Saey! dnast Ffypton
| a i c | . .
oo it dnbansaeal poodine uingsckcho
t tistilling | apparatuss foaming @tclo dooieaspat Maintenanse: Gedyijements

free diffusion, of a. .an raducts. .t e .
AR sn 2188t Hlufng?, SOUAL B BUS TORBE Bl e Fmapdmum
béﬁl’b%fn'c? oI hien AYTBATEIRS MUsiviss mchisvedr Thereshamml production
currently known. Above all, these are carageenans an

araje riatditecly preeoriangl 40 the 2NoWHeet RioMIsSSIM 2, eﬁé‘??’%’# L
Uy 3l 04080l . oo b it
468828 ANg ah theptimeansadeanfor pronfuctibe of prgiven amavat of ethenol.
é&?&é@; mg%)eng%@ Hio?haésﬁggr%c?esﬁtra lo%eltn haa%a%tosr' ‘\‘/]vithout
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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However, the disadvantage of.such nmethod is that the
bal | shaped form of inmobilizates causes diffusion
limtations inside the balls. The whole gel volune is
not used for cell |oading and consequently, the

ciat e BB s 8oL hePAhol LS o/44p8186). The
t haniBkiiizates dreSid %Q ﬁoﬂmyyt%%rm%fﬁlg%ﬁh ﬁra{meter from

encapsul at 1 on t terium Zynononas rrs
peNyi thSnahcohosthgddy dibpming athearelevdrdr gof rmdvanhammg

C%g@@oﬁd I-iﬂvg%(\?eg f@$e{uﬁ% rrrhgééaqf:: I lfrrpt n%tﬁ*q%gf I ;r,hat the ball-
bisHegedesm of iMARLfiaked &@rréés arﬁu§rbﬁ'rﬁrﬁrtdfﬁﬁr§qnéﬁe' the balls.

properties'; therk are no sid fects on the
ahe wholgrgelivolanevis nQin{ﬁeldemeoetldoadlng;and CB’aseqlEEtly, the

o ipbrggimsiflonil driff st Broedt 6 eicn. 608 ceriortal. and

i dmeshobloadsthelvmmewaluﬁné of the fafthoduct i ve '
mcroor%]amsm iias'Sr Wri i h viability f '"the

gRnebilieation, Wethad s ceoerRaiatoR #Hie ebacterium
n'rdn?er%I in9eRitis t?ﬁt%aﬁ%gvfr@lf aé&fho? gg;ér”h‘Fﬁs %a%ha number of

Fix occurs In a st ryrn alr an
repVaIieges heoropareehto ythes etheur caridrs. eErrsf of all rt is cheap,

hhSﬁ%’?ﬁ‘%}@’ fi*""?‘cr%éf@%é?sim Ritichy Blsiegrasieles bastexoe@nt@m@rtar-
6RBchafiical PRIpEMies; thERs Ai_Md sk a2 ane il n;.&r%o%amsm Shdl

i pobi i zates assures Qotimumutilization
wioshowso lang: term tstebidiy (Patl DET T8 tae 552g&)wmunheamore e

BERAEART B G R oAl LIRS b R
r eweatr@d ligy consitiefatd; ftostﬁé'l prodﬁct%&hrcﬁﬁ@‘rg%ﬂigm Re8LaréseaRigh
ntation,nodes. L. Asing Vi1l

b‘é\'rél ity 96 ergef m'ﬁﬁoergrmﬁ@baﬁewmsobﬂaaﬂpa and pa odigBt e of

Vn\g%ﬁVK’m@ ﬁﬁ&r’b@?@émgp’n%eél‘get rmmgblﬁ{}ﬁro% dbe’éa@énﬁr'encr%gs-lmkmg

'S 1 mob zed
of the matrix dccurs 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 lentlcu|ar shape of the |mmobrlrzates assures optlmum
utllrzatron of the whole volume of the carrrer for the growth bf
mrcroorganrsms and the productron of ethanol The m‘rmobllrzates
prepared by thrs method can be used repeatedly rn batch semr contrnual
and contrnual fermentatron modes ' ' RNt

Usrng ball- shaped form of rmmobrlrzates ethanol pr‘oduct'ro o

77mgethan°|/m|ge|/h with the ald of Zymomonas mobrlrs |mmobrlrzed |nto
carageenan, wrth 10% by werght of the glucose medrum ina 500ml batch
reactor filled with 20m! of immobilizates with an |mmob|l|zates diameter of
4mm and a temperature -of 30°C, (Chibata I., Pat. U.S, 4350765). ‘When



carageenan, with 10% by wei ght of the glucose medi um
in a 500riH batch reactor filled with 20m of
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and a tenperature of 300C, (@ubata l., Pat. U S
4350765) : Whent he producer was i nmobilized into sodium
al gi nate, where wet ‘cell weight in the inmobilizates
corrprlsed 20 % ww/ v (vvw wet cell weight, corresponds

f dry cell ght the productivity under the
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georrasidndpnia H/5 wiidrp edit mlwtplmermdUCWIﬁt under the same
C rr onds to.9 eth oi Jm Cheet S.J.
SSPhATBA a8 30489, Blierodbennit | Ve Retehorvatgay which after
C psdal@Ulatich BoRéSSoHIR B8 mgoetganﬁﬁm /hSahd it B H&ﬁtﬂﬂ%l Hode

produci ng gl ucose and fructose from sucrose b
hQI‘H cQ‘ethan i’hi 2ulickn aftee dllﬁeramlat&mrmewsnds to 94

ot s FERESBBOR PR SLRAT U 43581PEY and a1 S0

aAnaalﬁarbatl\vamel of egatesardier O bidtesiassiegy éirbcééses is in the
cc&g&os d.of the nonosacchari de gl ucose and fructose.
rRSQ?j%@gtg{%%SQ‘rﬁﬁésfé%@ﬂﬁf?l R SeTeRRby e help of

hﬁ‘gﬁﬁbmﬁéé ’enE nefiaRhSe PYu GBSy TR #o#&égr@%@érﬁarf&@ sent

enzyne I n ert ase. t's use resul e Creatl1'o
ofnainiyiin tsugar ket laudo&egaarmanfer ticisassed innther fowummﬁu)stry and

d, t d
nAlBers oF "LB6HAIS. o denab Bl cirosRst s Kn GomBpyad 4f the
tﬁ’fdhbééédwarlo%”@ﬂﬁ:%@es"‘@ﬁ& NERRtE ?ﬁa‘okét yphﬂndes these

fermentation processes. In industri practice, enzyme
rr@@@sawrwsle@f by ninganss ef hydrelisiay don examply chyabéreymatic

R mat e R B oo TS b Bpiealon o -
| tréxtard of ghrcoseosing fiudtosd (iBVert @vgal) WhlcHS ®ophpataa: to non-
Swérpgnze i mobi |'i zati on nmethod of this enzyne provides

gdySICHISY,t brigs far mwethesr é?f |3th|a§tEmQ§S| islesreased
BRI LRSS LB, PRRER SABHRMEY s
ffeemeetettioy preegsgaschni que i s cross-1linking. The
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
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 carboxy! groups (Mauz O.
US 4767620), polymers with epoxide groups (Mauz O. US 4931476),
immobilization into foto cross-linking bitumens (Kunihiro 1. JP55023941)
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nost commonly used cross-1inking agents are pol yam de
(Sou M et al. JP58086085, Rohrbach R P. et al. US
US 47BOB6632007/000015
pol ymers with unconbi ned cardoxyl groups (Mauz O US
4767620), polynmers with epoxide groups (Mauz O US
4931476), immobilization into foto cross-Iinking

bi tumens (Kunihiro |I. JP55023941)and enbednent on

various matrixes by the help of a cross-linkin ent
anchembedmeartion thL@nmaﬁl@Selssst%hels %ya PF%SSh'gl‘itlg fgent,

&y S5 P zptoT R i Bal€ ol dhe HEp of ikilaidhyde.

cgoshlyuka Yaelet palr tmeses?mzm heOthel pmethagisutaae atlwe n;ayalent
hi bault P. A, EP 0231668),. coval entazgﬁ ndi n
rettewhmer&l Afl davertassonel Silicgy a ga |c felp o

Al alRny GO ThiBauf i, £P 9@316@;‘&8@1@@9 boﬁdm?'wnme help

of ~ or ganosi
45¥5digdiphidecboradscan dmgamlcmgldmotgamc@rr@rs Carmienyua. @h al.

8 41780065 covalelt oS B e e P AGRRGRIAE (1T B ¥t al
PSWQ%@S lEovﬁlenft" blnéll‘ﬁg4893t%8%lp Ehfdlalﬂehyﬂelscm waatiulose

So i mmobi'lized by adsorption; for exanpl e on
nand lignine onatetiale (Moosar FUSd%QWdﬁ) an G@@@@WW@}“Q on

el PRl osplober JEARTS € o) feal. U Eigdear The
Ielri?tvgltgsﬁ &Jﬁ ta%gﬁgﬁmgfhﬁg?slﬂz al:lsozplitloal forUSxéﬂlﬁ@O?l) a anatrix
4i0me 28 malCHRBER o AN r@ﬁue’?aUé SO ey B%pl"%é{%ed is
%ﬁ@%ﬁﬁ%ﬂ#{n\qﬁceﬁnysﬁgy\l@; g’ggﬁ Ghiéftadd: Pa%tl@iﬂ( tlr)ltobalglhate gel

m ne” an ent .cross-linkin
g{(ubmaalmeétyaleJPYamaz KChartg H. N.Gat1ab 31 6@996) orinto

h t | f ol
abelH raé@% JPolyHRG CEBORRER Rl 51 Hhotioal PEPRLD) Gombined
The h'n AWas oY Ceample! hisoptoRi of éﬁdehiwﬁeaon cotton

carrle t a solid center covered by PVA gel
(ﬁ‘eamd 0 uy ‘polyathyeniaing Pzaoeo4§olosgquernét ocross-linking”* by

DA AP R AT BB

(Lshgaura K

The use of PVA (polyvinyl alcohol gel) appears to be a ‘v‘ér‘y good
alternative. The lnvertase was successfully |mmob|I|zed |nto a carrler w1th
a solid center covered by PVA gel (Yamamoto H. and koet al
JP2005042037) Foto cross linking PVA mixed with polyethylene glycol
was also used for covalent binding and invertase enclosmg (lchlmura K.
JP 58152483, Suehlro T et al. JP 1252285, Izumlda H. et al JP
1071491). A PVA matrlx can also be cross-linked by boric acnd whereas
the invertase is encapsulated into the gel (Guocheng Ch. et al. CN
1076488), or by drymg (Ishimura F et al. US 4727030) Other methods
have also been used combined with. cross-linking (Tsutsuml S et al. JP
2046288), or W|th the addition of vinyl acetate (Moriya T. et al JP
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encapsul ated into the gel (ggacheng Ch. et al. CN
1076488), or by drying (Ishimura F et al. US 4727030).
O her nethods have al so been used conbined with
cross-linking (tsutsum S. et al. JP 2046288), or with

the additi f vinyl t at Mor | )
B6I98P00k nynylanPRUG NROTA T, Tot bl Bl aP5626153259), or
%@ﬁ%??@a‘ﬁ%&é"ﬁ\ﬁ@?{é’rﬁéﬁém Arehiudasper18h). US
: . An altetnative use of a gel carrier in
b attehativeguseabf praet emsiar insbiotechnelogical gaocgssgisue dg dhe

Rl 7 LT FE el oA e L o
yﬁéﬁémWas@L%ﬁOE 1e.i StRAE Ple hiRItNBI StofR)y aefttedlof plants, is

glucose’in fa industry and also in the fermentation
joriustfrine Biain csouseRspof sBUCesR in yiped iBAUREY nd @so In the

I d I ' A [
TEhnag Rl B ID RSBl potBYRER B Pk B nidiecds Binfiase
%rﬁ 5 tinmsggylaéé,nheﬁanbyonaexammeglr;pcseus horfdsof total
a1 omrstsos a1 A0 Sg A s Tkl el aycosie
R, i fraininB 908 epreb Rt i peiin 41 WHRSE dfart fom o-
r fv-giptesidel bpnes,r @aifl Begiycdside ubands i aref ealsenindudgsd. The
recesess consi st t t .| [

DRGTBRT bf gluapae s M e sae 18, 1o RBBnel poor ° P

efﬂé? SodEs %“ ﬁgbéhgr'éﬁf mAdifd] préfeaiient dbisaosderireferentation
1, 4- gl e bonds at

l'ycosi de a high tenperature. This .
r pacesess cansists tofetwarsieps.oln dhe dist stei stagch diggefaction

[ har | d ith diff ' .
CEbBRE"S50R bRel iR 8 BrBeBRbutE kiR e domy
diisgesiaficd-1 najlyddinie ®ants datc h ngigh ngniperaturen Thiee reaction
gl ucoanyl ase into glucose units. d ucoanyl a

dcayses formatian dg;(i_z{m,s aihloyer pligoga |Sd§§ with, gifferent

BTG, 3 S Oeosie o e yeed ot

depgirdsecund step chaitring endtdigosaccharides are dissociated from the
non-reducing end by exoenzyme glucoamylase into glucose units.
Glucoamylase dissociates both a-1,4-, and a-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 1to 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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In industrial practice, from1l 1 to 1.2 | of
gl ucoanyl ase enzyne preparation, which is not
is used per tonne of starch. Sui tedi/€z2007/000015
i mobi lization of that enzynmg.-would allowits nmultiple
use, with the possibility of maki ng the whol e process
continual. Significant inprovenent has been achi eved
with inmobilization of this enzynme by cross-1inking
with an agent, such as p
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adsorption hods (Abdullah et al. U.S. 4226937
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SRR VI Lo, HeSAEA Bpeb o b

| FREysulaaRm, VHiew dildgiss rhatmmaeneapaulates |8to 5130 8Tipture
appears to be suitable. Encapsul ati

tansl isgheed pRmaly for BittepganisRdMMA 'Zét'38| 'Ss?PUE{Yu'f“ése"t
ac?lﬂ'mrﬁs pﬂfc%%nylé@ﬁﬂnh%bfﬂ&% igh C[;I%e @RI §hout cross- Imklng into

zatl 1S ent re y a nt during glucoanyl ase
i Biggel structuresnthetdnayme is eaistiy washed et flonm kiaigx pates.
bi gger structures the enzynme is easily washed out from
rratrlx pores. An alternative use of a gel carrier in

té?f‘eti‘l“?é’t{1 hs@r@ﬁﬁsg?é?sca'rﬁeﬁ i bittedmidesy @ froée’&b@ﬁg in the

ut| on hydrolysis "and the production of gal act ose,
Dmgthﬂcbe’é latdsey sbhution &wdg@sscam thﬁa@rthmﬂpn ant [Bgalactose,

S tions by the.h

Pl pd deikeiSioBeatalATRS TR Tt E RS LPRR heip
gbﬁﬁﬁﬁogﬂlzg@gt dlaemeBidaselt is commercially produced
fromcows' m|l %( (with a |l actose content of 4, %too?%

wDisagghaside da@tqsﬁ o SHnthpsized B e JRAEHRAMa M1A5Ag, of most
BPhoale 3t SRR bbb SR Gl o fctose
t bentehpvf 4.5% t&i5A mbtagpeﬂramtmnsfpom whey {Baldeclks end Baroford,
g?lg&c)t ?_%%tons%egsedsento |rn rt'n a%or(rj] Igtprgé]uc(%s rggreas(étn an I|r9|18cs)r’tant
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 calciurﬁ absorption, etc.
(Maldonado et al., 1998). It has a low solubility and it crystallizes at a
concentration of mdre than 18% w. That appears to be a problem,
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. This is the reason why lactose hydrolysis is highly
desirable for these products. Furthermore, lactose hydrolysis also causes

a considerable decrease in the hygroscopicity of dried milk products, an
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e et r exanpl e, during ethanol
pr: @duld beran attnastrp@ssbmaietfor fermentaljoreprnpsees Yt future
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Gﬁ@é”KﬁlWércﬂn%%tye@se @ﬁi@ht el IQ@medeL@d‘tbs!e hydrolysis
increasés the fermentation yield (Rosenberg e

al -,
100ables| thesue efafuckanedi wheyswith| @ Righer concentratron of ‘C-
source as a substrate and thereby consrderably increases  the

fermentatron yield (Rosenberg et al., 1995) In some cases it is possrble to
perform the fermentatron process in such a way that the productrve
mrcroorganrsm utilizes onIy the glucose present while the remarnrng
galactose can be rsolated purrfred or chemrcally modrfred afterwards
(Rosenberg, 2000).

Another significant use of B galactosidase in the food rndustry is the
creation of galactooligosaccharides (GOS). They are srmultaneously
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
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i solated, purified or cheniggl.ly nodified afterwards
(Rosenberg, 2000). Another significant use of

b- gal actosi dase in the food industry is the creation
of gal actool i gosaccharides (G0S). They are
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S§990)2GOS paisgantd e farge %tegtmemherdwhey garticiphtesinsmany
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ohnson et

| t |
and auag sbgpintioh prpalsiyts dha-ion B H5etasld Bl Gogare
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CBBE| W ey BMclicAGr R ftor e secdgrine for
rﬁftemgmeneﬂcrbbrheaiﬁ\ reffastsf Ferthermers, t hifisobastesia selectively

Furt h fidobac

oiizBocgoRisnsThebflsn BRcE Brtetls | M grown of
OlinYEsiRbld ﬂhbﬁ)difgam@ﬁfsgmnuhérmgestntdmadu gaamma neaz)t GOS
(Penni sin, 1997). are al so benefici al

cate agsOhI@qneeﬂclalvmémrab@a\uw. healte e gt UHI'%%%M QAL micro

t DD RRENGRSGR L), R Y Brdlemt 3G fonRafion of denta

| paiigd (Blaghi, gege):t osi dases differ in the total anount

aqﬂe%éﬁ%tu% B- galactosndases 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
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)

(Dumortier et al.,, 1994), as opposed to B(1-4) in Bacillus circulans
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G0S synthesis froma 30% | actpse sol ution, there was
an evident difference in the anount produced. In the
case of Bifidobacterium angulatum they forned 43. 8%
of all saccharides present in a solution, whilst in
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the immobilization nmethod used. This di'sadvantage "is
c brpeRiizates. Ebetabéltb&%marw ANENZYMesadstivity yanek therstability

BB o A5 e o205 AR50 e ror
r thee applitationgef anelmfhebniza:UeSI ore spalraiveter ssdals (ThRaka and

aggl i cati oﬂ%ﬂ%& an immobilizates on an industrial
WRGiG:, and Kawanoto, 1999). Pol yacryl ani de and
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ent rapnment rix was als
eﬂi:antrapmnbnAoP\EA matrix was also used for encapsulation of B-

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

., 1987). Khare and Gupta (1988) immobilized B-galactosidase from E.
CO/I using a combination of the two methods: cross- I|nk|ng and subsequent
enclapsulation into a polyacrylamlde gel. In the same procedure but using
dimethyladipimidate as a cross-linking agent and Jenzyme preventing
substances: bovine serum aloumin, cysteine and lactose, the activity
measured 190 % of the previous immobilizer activity. The comparison of
different methods of B-galactosidase immobilization 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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at 500C and 5% of its previogs_-activity at 600C
(Batsal ova et al., 1987). Khare and Gupta (1988)
i mobi | i zed b-gal actosi dase fromE. coli using a
conmbi nation of the two nethods: cross-1Iinking and
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Plettaa et al. (1989) immobilized B-galactosidase isolated from ‘A diyiéé
into'two different carriers usmg a covalent bond. The flrst was zeohte but
it was not convenient because it only binds a small amount of enzyme
Contrary to that, powder nylon-6 covalently bound a Iarger amount’ of the
enzyme and- created a stable complex. Peters” and Rehm- (2006)
immobilized B-galactosidase by  covalent " binding" " ¥ onto
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. .



occurs. This effect can be elimnated by the addition
of a suitable crsslinking agent (Szczodrak, 2000).
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isolated fromA. 'oyzae intoigwo different carriers
using a coval ent bond. The first was zeolite; but it
was not convenient because it only binds a small
anmount of enzyne; Contrary to that, powder nylon-6
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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 inthe immobilized system (Mahoney,

1998). The concentration and structure of emerging GOS depended to
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val ue and higher tenperature is an advantage in
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pH val ue and increasing the 4eoperature the risk of
contam nation is reduced. On the other hand, the shift

of the pH optinmum and the stability increase is, under

t hese conditions, an advantage during | actose
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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 apﬁliédﬁ to a
continuous conveyor belt using a dropping, casting mecharism:in
accurate and previously defined dosages, where it is changed into an
adhesive mass by drying and physically gelation ddring the prbducﬁoh
process. At present, the casting unit for the producfion of im‘mobil'.i‘z"a'tes
based on a polyvinyl alcohol carrier consists of a casting rhéchénism
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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preparation. They reached the hi ghest production (31%
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with an initial |actose concgntration of 20% \N. Wey
is arich source of |actose; its usage in GOS

production appears to be very attractive. There is a
known casting unit which is used in the production of
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placed in the upper part of the drying channel
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st eel lﬁ?I ate rinsed by spraying jets placed above the

PSS @dranged in elfis dhariervaprringarabisuAt danartermeeconomic
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cyli nder 0 Ient or ehum air-ar
uzredhesbaSm osﬁdhecpolwln;dlr gicobolredrrierufomyg tise odhveyavsbelt. A
mﬁé’rngéll Cstaln ess %’tefell C\%tlpe?’nls 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 polyviny! 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



continual freezing, which is warned up by heating
el ements before entering the drying channel, and which
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on the basis of a polyvinyl-#dcohol carrier. Casting
units arranged in this manner are incapable of

| ong-term econom ¢ production, in particular due to
the difficulty in renmoving the inmobilizates on the
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p&ﬁfi\;aetg&egn&agﬂér(\e/\gaaragd&se%qzlx rTEiotechnological processes, in the
conditions, which keep higher productivity, higher productive and
enzymatic stability, long-term and repetitive use or definable controiling 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,



catalyst, or productive mcroorganism or their parts
and a polyvinyl alcohol gel, afterwards the m xture is
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tenperature from 800C to 15@@-consi dering the
bi ol ogically active material extent and keeping the
geonetrical ratio of the surface to the vol une bigger
than 7 mqm 1, and than so produced bi ocat al ysts can be
cultivated and afterwards u n_bi ot echnol ogj c
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t IterrrﬁgerI ature otI gbq’% to JP §°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 nltrogenous 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 (Nitfrosomonas euroepeae"ar'rd

Nitrobacter winogradskiy), is used for the immobilizates preparation:by the



other two ones, so that the ratio (geonetrical) of the
surface to the volrhe (S/V) of the carrier is bigger
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preparation of the blocataL2$L destined to renove
nitrogen pollution frompotable, industrial and waste
waters, to encapsulate nitrifying and denitrifying
bacteria into a polyvinyl alcohol gel, and then to
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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
25 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
30 % 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



real industrial wastewater do not contain any organic
agents and so it is necessary to add organic carbon -
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because it is cheap but progdgces relatively little
bi omass. It is also useful, that the | ens-shaped form
of immobilizates keeps the optinmal use of the whole
gel carrier volune (cell |oading) for the growth of

ni cr oor gani s and fhereby ithe gptinal e of

SrasBut Tore ks Rt P St ooy Ynatebat dai: BrACegRthat
?Hﬁé&ﬁﬁ’zed"’eéﬁ‘?[@ﬁe afRE frohtH BaliiB iR afl FHRRCidpeatedly
productrvity of the biotechnol ogi cal process using

ot the efHanal poithictiprvaier theopodligliereds finiahed.whijus prepared

) d, bi tal yst TRV .
B 5 5 Bh oo SARB A e B Bt
Rfh Hafﬁanrayé%tidr{mbaeyseful for the preparation of
the biocatalyst, destined to ethanol praoductiao

dhiscusefubifor $be preparation @Btf@wbiaﬁgtﬁlsé&tedw@egﬁséﬁ%aﬁg@'@ acid

bact.eria Z no i | LSkd [JRYAYE -
Japuachdh HERTTEREAfEd, SibdiEs? B SREaPEliaf CeRhophilc
gm&%téﬁakﬂaoﬂlt&?fhwgtqutha apnbyv]!]wct gomgrm gehwmmdrthen deigetate
rying at the tepperature, .to 15¢C, and th

tand shepadne NG raBMhEkhol caigs skt Bapfis goddllians
r@é’étﬁﬂ%l?%’élfs%dg ns' @Br7ing AtCtheStelfigratiee PIt80eC fohs°C, at
sacchari de substrate at "the tenperature of 200C to

4R Cration of e fsudfacd.t6 the Tolomei of ¢he amprohilizaées biggerthan

the rangefrom 1l %to, 15, %,0f .wei ght_ i s.al
S st din {6 Al it Rrtilaad el if o Reltichittire
fl‘n%mdrﬁ %ohtéiﬁihg_fﬂﬂﬁ 2 AN 1 Wlof %?ﬁ%ﬁbﬁcéiﬁric_@@bst’rate; at
et hanol production, after the production is finjshed, .

Tihestepnparatuse dfi39C6t &0 §OTG6. ang Pbeﬁlé'écer"@ﬁ-égttgtﬂé» iim lactic

bat.ch, .sen | nua ) -
optiA g G esqasse it (Rt lqE o fi € (Z0 & Itifalep usoful

t it thecivirmbbiized delis iaredséparateel frant itive diguitl part and used
production from saccharide supstrates

t FRpemdpy | ToE thi dackiei apiBREPIYCHOT, Yéjﬂﬁﬁﬁtspof?ﬁ{']%? s ﬁrt'igh‘éd-

FhH BpelLa Bt e 106\ sepaieayichagn, sem

ceagtinugn and continual fermentation mode. ' B
It is useful to use Bacillus coagulans CCM 4318 strain for the increase of
the lactic acid production productivity. That bacterial strain itself is
characterized in the high productivity of lactic acid production, and
considering the biocatalyst extent while conserving the ratio of its vdlljme
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 shapé 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



bacterial cells by nmeans of drying at the tenperature
of 800C to 15C, at the ratio of the surface to the
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then to cultivate the i mobpBi-zed cells 1lin a water
Cul ture nmediumcontaining from2 %to 14 % of wei ght
of saccharide substrate, at the tenperature of 300C to
600C, and pH value fromb5.0 to 7.5, in Iactic acid or
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ne ic acl d production, after the production is
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L
| enefhel inkd ai pulwhalsalocmqbege‘l antethem to gelate argishape the
C?nr}>t<tlupéJ al)f apno yvmy a?co%ol cgmer 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



The present nethod for the invertase imobilization

into the polyvinyl alcohol gel (PVA) is based on gel
waleoprngi2esh a drying air stream at the tenperapCi¥/€Zui7/000015

800C to 15C, whilst the int24action between the gel

and i nvertase functional groups can occur. The

| ens-shape formof the immobilizates, in case the

rati o of the surface to the volunme of the imobilizate

ismniomlly 7.0 mm 1, secures the optinmal u :
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20 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 3.0 t0 7.0.

It is useful that the immobilized B-galactosidase, after the hydrolysis is

finished, is séparated from the liquid part and is used repeatedly for the D-

25 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
30 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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useful, that the i mobilizedoglucoanyl ase is used for
t he saccharification of the starch substrate in the
et hanol fermentative production process. It is also
useful, that the inmobilized gl ucoanyl ase is used for

t he ,sacchari f.ication, of the starch substrate in the
5&19@0%@1 @ctive featesiel. eorpPENg: # ooppige seasting mechanism
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sur ace 0 gical carrier, in dependence on the
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in casting nechani sm nounted in front” of
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i Qjleta o?@OmmnenzhieH 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



tenpered pressure tank and a conpressor, the conveyor

belt and a drying system- the source of a drying air,
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Brief Description of the Drawings

The invention will be closer illustrated by drawings, where Fig 1
25 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

30



which is the part of the casting device, if it is
formed by a side franme, in which a nechanic pol yner
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is placed on a stainless preggure mechanism wth a

spring pressure nmechani smand the rinse by neans of

hi gh-pressure jets system fixed on the supporting

stai nl ess pipe distribution system which is fixed in
frane, for the cleaning of inside and outside
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is al so the advantage, that designed nechani sm of the
wi pabl e col |l ecting device cleans also the other side
oExamplednt i nui ng conveyor belt, even in the case its
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the rytrl fication was prepared

dm” of a gel. Thus prepared cell mrxture m 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 (0.07mol/l) and ammonium chloride (0. Tmol/l)
for 60 minutes. The lmmoblllzates were cultivated or stored in a store
medlum at the temperature of 4°C, after the filtration. ‘
In the case of nitrifying mleroorganlsms, 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/l
of N-NO3 and other nutrients, at the temperature of 20°C to 35°C and pH



encapsul ation of the nitrifying bacteria (N trosononas
europeae and Nitrobacter w nogradskiy) pure m xed
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for the denitrification was.pgepared by the

encapsul ation of denitrifying bacteria (Paraccocus
denitrificans). Immobilization -'"was perforned in this
way: The sol uti on of PVA which contained 100 g of PVA
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Example 2

The immobilizates prepared and cultivated, as described above in
Example 1, were used for the nitrogen pollution removal from réal waste
water with the high nitrogen pollution concentration 200 mg/l t6 1000’ g/l
of N-NH, and in fact zero dichromate value, in the continual’ adjustment of
nitrification and denitrification. ' LA SRR
The continual model unit was used for testing the snmultaneous mtnﬂcatlon
and denltnflcatlon where the effective volume of the stlrrlng nltrlfylng
reactor was 17 | -and the effective volume in the stirring demtrlfymg reactor
was 3.8 |. The flow rate of the real industrial waste water was 35 I/day' with
the content of about 1600 mg/! of N-NH,.
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reactor wwth the effective volunme of 17 1, wth the
content of 15 1 of synthetic waste water (VWN,

of N-NH4 and 2000 gPOF/CEZI®7/000015
bi ocatal yst with encapsul atedgnitrifying bacteria was
finished after 4 hours, which presents the
nitrification rate about 1500 ng of N-NH4 /hr x kg of .
t he bi ocatal yst, respective about 4.8 kg of NNNH4 /nB
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XXWE’&E Ye water with the h| gh nitrogen pollution
concentration 200 ng/l to '1000" ng/l of N-NH4 and in
fact zero dichromate value, in the continual v
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nitrifi catl onrate o
oeffestiye volume, with the15 l 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-NH./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-NOg/hod x kg of the biocatalyst, respective about 3 kg



bi ocatal yst at 95%nitrification efficiency, and the
average denitrification rate in presence of nethanol
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t he bi ocatal yst, was achi evgg-during the several - week
experinment. The nitrogen pollution renoval rate was
about 1.5 kg/nB8 of WWx day. Exanple 3 The

i mmobi |i zates, prepared and cultivated as descri bed

b [ le 1, [ h it .
SEIN-NOJm BV % andead ek e NISIBT PP hiocatajyet x
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H4 and hi gh di chromate value (> 1000 ng/l) in the
continual nitrification and denitrification
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i st x day. The denitrification (nitrous
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used in the immobilization into the polyvinyl alcohol (PVA) gel.
The PVA solution was prepared, 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 streamof 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.



Baci | | us coagul ans i mmobilized cells into a pol yvinyl
al cohol gel wll be illustrated in the follow ng

wex@mpbess Exanpl e 4 The Bacil | us coagul ans COMB8Z307/000015
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spore suspensi on was preparegh by inoculating with 0.2
cnB fromthe storage culture on- the surface of the
MRS agar with sterile CaCO3 (3h, 1600C) in P. dishes
(0 9 cm. The incubation run for 72 h at the

t f 5Q0C in the | aporat th tat.
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bi.omass propagation was performed in the repetitive.
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Example 5 . .
The media composition, -the immobilizate preparatlon and.. the batch

fermentation were qnaloglcal,to those above mentloned in the Example 4,
just glucose instead .of saccharose was used in the production medlﬁm
(60 g/). 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 61 fermentor and 2 dm® of the production medium was



gradually lowered to 45C during 1 hour, pH | owered
spontaneously from6.9 to 5.0 and then was kept at 5.8

waleworngizete fol l ow ng fernmentati on by addi ng oPCT/RE206960015
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ammoni ac water solution. Thgafernmentation was
performed in batch node and conti nuously stirred (200
rpm. The imobilizates were separated fromthe
fernentation medium after the saccharide substrate
consunption and were used in

. . a new {_@rms tation. Tt%e
ssideds Witictp coatained: 1&g g iof SAcehargRs, Wad ,92 vesshexraet 0.8 9
t 1 . - ' ' | | ) : t '
AINEEGE0 2GR TRL 0 0. 4620, DI

tAMES @) wrEHAD i500ICofadistild wateraRdrmaptatiortwas perfermed in
one 'at the tenperature of nd pH val f 6.3,
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S, BT s et SoTARE Naifgort 6.87bY SIdIBU ol e aohiac
| setution (269%).\21 af dhepraduction eediunmrekthe same gomposition with

trati in PVA gel_ i _
QB SonP Ao 140 /b Safaro i, SRR P RhC gl bateh atter the
ExceRhRose déteairition GeitRssdel tod20g x idhe® atrtebrdte zat which the
preparation and, the batch fernentati on we

| e
enticepiietion in fefperionsav b KepoR; RNgRATeRHig/ko4300/.

j Hst j . 3 -

58 B SREE SPBAR T 7 R 95gR iy !Bl g hours,
| Reidual 8a&charode Wad 6/d/l.of gl ucose in the tenth
conversion after 14 hours of fernentation. , Exanple 6
350 g of the wet inmobilizates prepared as descri bed

above in Exanple 4 was noved to 6 | fernmentor and 2
e production nmedi um wasadded, which

dERafipl _
oo i smpBblr 206 R0 egrufedet nd Bl s e
OfdeWﬁ%?ego %hB5B Cab&ved Inéntitinede i the XEXERPIE 6.1360¢f of the

di st water. Fernentation was perfornmed in the,
bimmobbilagtespwasamoned yostheré kderneator after ril)cosversign and

t rat of . e 0 . ; b

GRS o B8 O st B, VAR e

PHREUSE | B0 Jipehstrardiact, (28 yaoTENER)EPIRD4, 02 gveftMgSO4 x 7H20,
0.05 g of MnSO4 x 4H,0, 0,01 g of FeSO4 x 7H20 in 11 of distilled water.
Fermentation was permanently stirred (200 rpm) 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
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
13.5 10 17.0 (Qiactic acia X dm™ x h™") in the process.



the content of 140 g / | saccharose were then
gradual |y batch after the saccharose concentration

waelewrreresto 20y x dm 3 at the rate, at whi ch PEECZ2007/000015
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concentration in fernentor cgyld be kept in the range
from15g/l to 30g/l. The content of the lactic acid in
medi um was 93. 5g x dnt'3 after 15 hours, residual
saccharose was 2.6 g /1. Exanple 7 The nedi a

C osSiti and the prepargtion of the i mobilizates .
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ST ZRLSE of (e, SiTetiol [FOUGSION Fofp @Rchinlp g bstrates by
p Mednst afodymedionaswae bid desobifredhcaltsnings pelyvis@! glcohol gel

SRS Bpsitalay BB Somplet. fnso 4 x 4req. 0, 01
g of FeSO 4 x 7TH2Oin 1 | of distilled water.

Fermentati on was permanently stirred (200 rpm) at the
t EXgBMe & e of 52C, pH was kept on the val ue of 6. 3.
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away, i n suc to keep, the resi sacchar ose
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dnf3 x h"1). in the process. The nethod for o
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t acess, . of uction.fro charide ..
| B94PS 35838 or UhE AHRMecRRORSRAAGP T 236 HE fon
cBasks. Theanjoodgorganism alascdelin aedved into Bt clitwetmabieh (5%
b% ’tla?;t‘%f [ ] ow nt%_exa les. Example 8 100 m of the

¥ @iteE TR YinsRtC osdiviaion @tithg demprratuse iof 30°6r iGuitieation
f Qs SerBredt ¢ '® $9°cl4

pr e%gr%ed.r FhebéJF§ufF§%%@t$‘n& 80-c i ﬁl@ biftass dry matter
value was 1.2 g x dm™, it is useful to stir the medium slightly. The biomass
was separated by centrifugation (5500 rev/min., 25 min) after the
cultivation finished and used in immobilization.

The PVA solution contajning 100 g of PVA (polyviny! 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
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

moved into the sodium sulfate solution (0.1mol/l) for 30 to 60 minutes.



contained 5 g of the yeast extract, 1 g of (NH4) 2SO,

0.5 g of IS4 x 7H20, 1 g of KH2PO4, 100 g of gl ucose
w@pid7fio2es 5 to 5.5) in 1 1 of distilled water.PSDCZL®7/000015

medi um prepared was inocul atg wi th the Zynononas

mobilis CCM 2770 cul ture, which had grown on the solid

culture nmedium and was cultivated statically for 24 to

48 hour at the tenperature of 300C. The bi omass t hus

prepared was used as jnocul.um (10% v i nt
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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

25 450 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

30 performed in that way. The ethanol content in a medium was minimally



and the process was repeated once. Fluid phase was
then renoved and a fresh nmedi um was added to the

w0 ponohod2s at es and the pH val ue was adj usted tRPCBCE20004900015
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1M sol ution of NaOH). The pBsval ue then decreased to
pH = 5 by spontaneous fernentati on while permanently
stirred (80 rpnm), and then the fernentation was

performed till a glucose depletion. Fluid phase was

removed daf di dded
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Tield, rafieni20 howredhp residrabolaes e Wap 4B O0iMas descri bed
above in Exanmple 9 were used. 1050 ml of a production-
mediumw th the gl ucose :

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 into 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 ferme‘hf’or*t‘o
the value of 10 g.dm™ to-20 g.dm™, and fermented medium was removed
in such dilution rate, that the residual glucose concentration in fermentor
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 devicé was



concentration of 150 g.dm'3 (i mmbilizates formed 30%
of the fernentation nedium volune) was added to 450 ¢

wotoonobs | | zat es. Fernentati on occurred i n t hrCbhazezie7/000015

10

15

20

25

30

way, permanently stirred (803gpm, pH was kept at 5.0

by addition of the NaCH (2 nol/dnB) solution at the
tenperature of 30Q0C. 1500 ml of a culture nediumwth
the gl ucose concentrati on 320 g.dm 3 was gradual ly

batch, aft cose concentration decreased to

0 G ' 80ITEEPAI te Hie spgcikiesgthame! production

r@wd,ge}ln ﬁﬁelﬁ:oncentratl on in fermentor from 15
g.dni'3 t%g'?fbg ™" 3. The ethanol content in a medi um

was 113.5 g. dm3 i.e. 91% of theoretic yield, after

2 .44 he residual glucose was 4.6 g. dm‘3. Exanpl e
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after the glucose content decreased in a fernmentor to
the value of 10 g.dm'3 to 20 g.dm 3, and fernented

medi um was renoved in such dilution- rate, that the
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Fernent ati on was per.formed conti nuousl
mﬁPP%pﬁtﬂ% e@olnuﬁrtﬁ%ﬁ iy pelyybwi \aleghadfoal h@lllmullwtm@dsmy the
ORIV BXQH% h' 1, which corresponds to the specific
ethanol production o f 140 nmget hanoi / m gei / h. Exanpl e
12 The. procedure is the sanme as in exanple 8,
Zé Huﬂa b|||s subsp. pomacii CCM 2771 was used as

5? on mi croorgani sm The' nedi um cont ai ned 68: 3

PR A Bl A BTN i
alcohol), 60 g of PEG (polyethylene glycol), 790 g of distllled 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, theé ratio of the surface to'the voluiie ‘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



The nethod for the production and use of the above
mentioned carriers in the ;::preparatioh: of invert,
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al cohol gel wll be illustraged by the follow ng
exanpl es. Exanple 13 PVA sol ution was prepared, which
contai ned 100 g of PVA (polyvinyl alcohol), 60 g of
PEG (pol yet hyl ene glycol), 790 g of distilled water.
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shaped in a dry air streamat the tenperature gradient
of : 800C to 15C. The immobilizates, the ratio of the
sExémpjeﬂd" the vol une of which was mnimally 7 rrml ,
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Hydrol ysis was perfornmed a pernanent stirring
rpm) in thebatch way at the tenperature of 3Q0C.

is conpletely hydrolyzed after 50 m nutes
S?Rﬁnﬁ{glsl?& s into glucose and fructose. Exanple 14 5

1220 g mﬁwehenmebmzmbprepmasas wwmeobmedmssxarh@@ 13,
added into 1000 nl of

above e wa
sYee e'ngbnﬁlﬁ @Qp o0l OF saehareme slution with de genceytration
(3 %ﬁgésog/ﬁ pﬁt‘?—% gt %cétéfté eﬁl@) %thﬁ. %ﬁ?ﬁér@i#&%f"%%

/ OySIS OCCUTTG int
cpdialyaisiswgs qerfareed Théhe dmtdmaha;s,apehaam&ly stired. The

ﬁqufﬂei.@;lr %talcc nar'ogel%b%c%tlratfo% tlgatm W?ﬁ/lsafvst/aeyr ‘F .%'Og 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/l pH 4.5 (adjusted by H2804) Hydrolysls 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% fo 75% converswn)

after the saccharose amount in fermentor decreased into the Value'of
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280 g/l (pH = 4.5, acetate bg§ter 10mM) at the
tenperature of 30Q0C. 5 Hydrolysis was performed in the
batch way, permanently stirred. The residual

sacchar ose concentratlon isinthis way 1.8 g f/l
after, 36 }, Nyt es. uj d ase S.renpved after
i GBS Bhnce el ariierpmebiats mads eV (g of
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procedure. The resP%llrj)gl sac%marose cgﬁggﬁﬁ) Iﬁlggﬁhaotdeer
0 240 mnutes of hydrolysis was 3 g/l after 6
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conversion),
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



after t he saccharose anmobunt in fernmentor decreased
into the value of 30 g/l to 40 g/lI. The specific

wa@eao7ad42¢s8 of the i mobilizate is 0.55 g /g. h 1PCDCA20@000015
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g/g.h" 1 (g of repute sacchygrose per g of immobilizer
per hour) in such node of hydrolysis, which is
perfornmed continuously for 500 hours. The nethod for
producti on and use of the above nmentioned carriers in

t he gl ucose productjon process fr.om.the tar h \
”9‘33‘00| Yot caluggsere gigsalye n'@a@i’ﬂ'{"atcgd ga%Hﬁggesolutron

y| belllustrated by the
f@s-f) étéﬁéé(llterﬁg%%%( Qﬁ}e 18 The sol ution of PVA was
pTrarzarpeepamdu rmmbnizadnenrzyme was fusedAirg dnrdyvlvaw of starch
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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 hydrolyS|s after the ‘sixth
conversron ‘ o "’z‘“
Example 20
The |mmob|I|zates prepared as described above in- Example 18 were
used. 25 g of wet lmmobrlrzates was moved rnto 0.51 of maltose molasses
with the saccharrde concentratron of 100 g/l, pH 4. 5. Hydrolysrs occurred
at pH =45, temperature of 30°C and stirring 200 rpm. The maltose
molasses with the saccharide concentration of 100 g/l was continuously
batched into the fermehtor and a hydrolyzed mediom was rerhoiled' in

such rate to achieve the glucose concentration of 50 g/l to 60 g/l'(50% to
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concentration of 250 g of saggrWides/| (pH = 4.5) was
added to 200 g of .wet i mmobilizates, prepared as
descri bed above in Exanple 18 at the tenperature ;of
400C. Hydrolysis occurred in the bat ch way,
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dércg0diesurgbove in Exanpl e 18 were used. 25 g of wet

i mmobiiizates was noved into 0.5 | of maltose nol asses

wi th the sacchari de concentration of 100 g/l, pH 4.5.

HE%E o occurred at pH = 4.5, tenperature of 300C
stlrrlng 200 rpm The maltose nol asses with the

sA'behmmdblhzanesepteme@rasafdelseﬂb@zl labsve Bpmxah’gﬂésw were
bat ch he fermentor and a hydrol%zed medi um was
r B immghiizates, wgsdvaved, it Oy bekmaltose molasses

CW‘tﬁetﬁérsﬁcbﬁer@é c'éﬁcgﬁir?ﬁdh 6P 180! /I( ?@f/ﬂ %og—ﬁ/é’rolgms occurred

conversion) after UcOse coNCentr atl
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vity of t i_mobi |1 zer
oS 1R S¥oPhard sl g oL d0pyT ykstcantiniously
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performed continuously for 900 hours. Exa
such rate to achieve the glucose concentratlon of 60 g/ 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)2SO4, 1 afl,
MgSOs x 7H20, 0.5g/l, KH,PO41 g/, 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



The imobilizates prepared as descri bed above in
Exanpl e 18 were used. 25 g of wet immobilizates was
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saccharide concentration of-490 g/l, pH 4.5.

Hydrol ysis occurred at pH = 4.5, tenperature of 45C

and stirring 200 rpm The mal tose nolasses with the *

sacchari de concentration of 100 g/I was conti nuously
er ment or an drol yzed nedi um wa

bat ched Ln oth
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CRRYIAHBA hetrsof 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/I The
sgﬁéh{# ctivity of the inmobilizate vvas .55 g/g.h 1
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conp03|t| on of: maltose nolasses with the saccharl de -

_ﬁﬁgaent of %8 pg"bgu@fo of yeast extract,

. nvgaerise ot aboys @eatlomdsmrrxers in
4’rﬂ?cfPon@lsmog ‘Péctgé‘esodsd%t%'ﬁgp #H' b D-galactose, D-glucose and
galactooligosaccharides preparation by means of pB-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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dissolved in 1| distilled water, pH = 6.0 was used in
conversions. 50 g of the immbilizate with i mobilized
of thus prepaP€dCz2007/000015
sterile nedium The suspensjpo was inoculated with 5 %
vol . of Bacillus coagul ans spore suspension. The

simul taneous utilization of the nascent glucose and
the lactic acid production by neans of nicroorganism
occurs in the hydrolysis Erocess ere is 5
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Example 26
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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workoosfiof2btis prepared solution with the | act osePCT/CZ2007/000015
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transport of a drying air from the upper drying channel, used for ‘the
conveyor belt final drying after leaving the rinse box 13, and from'the-other
side of which ‘the output 18 of a wet waste air leads out. The ‘Wwipable
collecting device 9, designed on the principle of mechanic wiping and
‘8

—1

25  high-pressure Tinse, which is connected with the collecting réservoir
containing the solution of reswelling collecting salts 24 and equipped With
cooling, by the pipeline with integrated high-pressure pump 10 And Tow-
pressure pump 11, and the rinse box 13, for cleaning the 'cdhiiniibué
conveyor belt 1 by means of the jets joined to the low-pressure-pump 44,

30 ivhich ‘is coninected by the pipeline with the rinse’‘tank 12’ contdinirg
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equi pped with a drying systgm-- the source 4 of a
drying air, fromwhich the dehumdified air is
transported through the first auxiliary ventilator 19
into the air distribution system6 with integrated
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device 9. This device is equped with the system for the hlgh-pressure
water suppIy, formed by hlgh pressure pump 10 and jets and that system
is connected to the mdependent circuit. The products detachlng from the
conveyor belt occurs by means of the polymer WIpable blade and the jets
by an aqueous salt solutlon supplied by high-pressure pump 10. The
conveyor belt 1 is finally treated by means of the jets 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 Iow—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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b{@gfe %@qgégﬁpg .JH/ réliér@q?@OWﬁlc?lalsﬁnéliﬁﬁédL@ly sgemfy the

pressure punp 10. The conveyor belt
i sonivepad bgit ummdrsbnblyltmﬂmeeawahnga apuesus salizacefiam24, by

the rinse OW- pressure d the rinse
d%'h'Phé’?%Wg‘eﬁ Waﬂ‘gld YRy THBP ﬁggyg@%ﬁ%teﬂfﬁ( ‘inse tank 12,
into which it flows down fromthe rinse box 13. The

| ow- pressure water delivery systemfor the ﬁon\émyg
bEhe pidturee3 ishowenthec ceastiustioneofi ihgepipabia collesting device 2.

on r b
ﬁ,% Qﬂ.q% ﬁ%c?{@gntiq\}i%e% |ri{ﬁ Q V\E élﬂ%b%&srlglrsn |dlé‘fritaﬁ'% 25, in
bjvRieA thé%bﬁ@md%tﬂ?m@f wiper ishsituztéd tom u‘te;]btalmess pressure
pi peline, in i ch the second auxil,i alra\és\ﬁ%@ﬁ1
| assemsnlui27ewith ihe |S@rm5dorﬁé$urmsmhlv FREpg préssure
! ety BhewnRtwasher con
a%@e(gﬁﬁlgg—é Ci%g[) Iﬂ%é‘ ur er}gbuﬁtlBH g construction
ofvhichetheesprg Bﬁgstpmdred Tfhze mma/aée Iqoﬂgcurtgwklevlcerﬂ s further
version consi st of t nk an obl i.que
ormd b REIDIsSRHIS I B doineicor e SRRy s8Ridsy Biee
ShistthEdn’ Qfstdrit fitddlirP e Fdfhe 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.



product and the reswelling salts solution. The
conveyor belt 1, led by the couple of |eading tension
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belt imersion into the reswgl-li ng aqueous salt
solution 24, by which the tank 21 is filled up, runs
through the tank 2J . The picture 3 shows the
construction of the wipable collecting device 9. The

i it T P b e P e

hd W?é e8s\08Nihd Gartk &, N S«N%ﬁ%@r@om@emﬂe}t 24 rihd lout

t Spring ress@re asse . That 'spring pressure
aﬂwdlylfsorﬁme bvsie:rrsaeﬂob;ofttlhﬂ dewce,elgerhm incoppasiteiregtion. It

th wa whi.ch, th
b oG 7t B, M PREIEP LI, Pk BB et ot tre
fucﬂﬂepéres‘ayﬁ 9s h%ﬁu pdide idowreil vaittida ?o%ﬂl@ho I’rherlﬁethod for its
stal nf ess pi di stribution system |xed|nth

A8momal tﬁrbneﬂmabenvwrrbﬁﬂs@ msqdw@n dheIfaciothagshe 6"%@3"'03'

h
e ol Bnft BB R, PGB0 i) 28 ffelt in Codibiafifit the
t &%dh@gwlﬁréé rorsthecy6ted sideTbktheovwvegod behd. l]meeprod uct on

w per 29, with the polymnmer b h 2 which fi
et ﬁ@n\(ﬁmé ety 406 85 irafiedoly s Dty paNs itk ns, piich is

bﬁf&y@‘?@ By M ergllglsgglresglsﬁ‘itﬁgfonrgs‘ferﬁ' 6fuﬁbeé’q6€bUst 8alt BBEﬂtlon

nmechanic w 27, for
t delivetehby peessiure fets i28nahichi werkodt theangimob4 @t tabdtagainst

Th bel :
uﬁﬁe?e?n%ﬁgﬁé%él V&!P%’é&slz@%oﬁ% @ r|pgn%re3§pgga{ﬁ€?nagni§%t¥, an
' i‘ﬁeﬁﬁatﬁiﬁdtdﬁl ?tthé ‘ebryoPi skt af of iy Q¥sy cbﬂtrblléb|e in

the poi nt Its way ‘our of "the frane 25.The wi p gt
cmrigeouflﬁ?godé\‘h The Pwemand the uppeardsmifixed wirers 29, With he

duct I beh k
F olg%%ripgn@béﬁnmsh E@‘ﬂy&?&c{}%@“ﬂoh%f ﬁ’?arwttf'ﬁ <¥nv %Bfrﬁ‘elt 1 on
| RYfneTafid é’l@onutéthdée\ar@mombehmd)maospMGg mechanical
direction. It is obvious, that the prod ed in;:
t n@lytrmasemmaé&_c@n e stajpless Rfesﬁlérec%?ﬁ%ﬁw ﬁpjfhf? cpgveyor
nB%‘t l’ip%gg% q}?r orr% pil 6véi‘aljhe98§/bf a% thy\fp ?m%?"wnpers

e-conveyor bas
fagtbywmchtlhs fh‘mtheaterﬁanoﬂes1dé§ and al $o the

b o a0 o ESHREAY B0 cron e 2
in'ths DERWYICE fBFned by the upper part ﬁ 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 rinse’ jet 42 connected to the supply’ plpe 41 is
mounted in the lower section 37. The adjustable polymer wipers ‘44 are
fixed on both sides of the upper section 36 for wnpmg 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.‘ ’



t he conveyor belt | is at first led to the
hi gh-pressure rinse, which is ensured by the pressure

walr@rnod2et i on system of the aqueous salt sol ut PGICZ2007/000015
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delivered by pressure jets_4¢. which work at the angle
of 40 to 80 agai nst the nmechanical w per 27 with the
spring pressure nmechanism 28, an inclination towards
the conveyor belt | of which is also controllable in
range of 5 to 15. The | ower and the upper firmy fixed
wi pers 29, with the polyner brushes, which
| nal treat the conveyor belt i onits
ﬁﬂméﬁﬁ@ﬂa@ﬁ@ﬁter side, are nounted behind the'
sprung mechani cal polynmer wi per 27 on the stainl ess
pressure assenmhly 28. The {9&5 1..leay
Pinenaressnb raientss cAByRs Used 1 18 Bisgptsn ey s MiipehiStes.
%lghl R%r@ﬁht%ﬂd'fbrb pﬁéd{@nstlﬁ?%&%di&t ophafrhd6p and e waste
oFure oWs t e construction of the rinse box 3.
'Iih@ter |tlwdmbnk ia Particular in mérczge@nccmpoumﬁealqtgglt‘»ﬁleremovmg

PR 36 Cubb o S B e R, il
"iﬁdﬁé‘tnhhﬁaQt@Wﬁﬁé%) Beddent i whschvaricust ﬂnﬂegelw@btrtpomlnels are
connected to the casting machine fra

Feonviestedonts QGM%D@K’QEW@@p}"%’ﬁ'olﬂ?@'ﬁﬁ‘?ﬁwﬂfeef piritying and
rins
ARG rctAE Pl 1, 8 EHILeh piocehs peg ac
cathaael, gilidogetamsl glup@éet—fmcwseémolassemuntlmtosel hytleolysis into
| ower section 37. The ust abl e r..W pers are
(Biedisnhy b seltipdighsscirieBopiidhicudh” R ot s re
h Wlstrial
R
Bﬁrod”ﬁbbomwuﬁe tbexcamamty of Xekp tto Wlhgc@fsthmgmlf@&bﬂll?ées Of
by.the u r..and the |ower assenrblingnaliizate
%‘E@ﬁ trageRtAik P8 MRBGSTRI AL UTI LI TV The pr egerit‘ o
|nvent1 on.caw be wsed inthe prodiction’gf fhe i i WERE

|mmb|I|zate$ which are intend for pLicati.ons; i,
f Tber davmsfqryhé mradu@ugn ahthe mm@btﬂga&éﬁ destinedifore W@( food

l n Pa{ Li BH?%H?{‘}P #}%Eﬁguggm v?ét@fg‘tl“e%}tmerﬁt“can ee

(ueéd fh c@tﬁrriu@ulstpluo@hctudmum cipal, industrial waste " ="
wat ers), present in.which various nitrogen conpounds- - - -
are



converted into gaseous nitrogen by. physi ol ogi cal
activity of nitrifying and denitrifying bacteria, and

et hanol, glucose and gl ucosesfrdict ose nol asses, in
| actose hydrolysis into D-gal actose and in

wo eoovher26s n t he production pr O;;ZS of |actic arCTCZ2007/000015
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galactoollgosaccharldes producti on48Al | of themare
prdceef by rh as 'of the device which provides

S AP BATRASVRGRR T O Lo e
tradermrk per hour. ' . no -. -it : . w. -.c 1" "

N R T
1—-coqveyor]beltWIth aomtrolladdrlven wni ;-;- Tr| e device

f of the imbilizatds ,''destined
?zrlié}%?tﬁyﬂg gbg y, pharmacy applications and for
west lewentiafing t-;hamé]‘erl t| uca be used in continuous -

produyction. : :, . THE LI ST OF RELATED
ﬁ?lés{]ﬂ'ﬁgla"i S%ﬁ@ey%?ntb‘élqusmsnrmmcie;hur@dlfw| ve 2 -

ng-eheﬁiﬂ‘rli@r@@nﬁiﬂé%ﬁlalﬁﬁllpehﬁg‘er drying channel 4 -

dryi ng alI'rt source - I'nuous adsorption dehum difier

56 Heying aig digtelowtidresystemi r  pi pel ine 6 - drying air
Lon s tank i.n the | ower

b
S5t I aUing teBlih 36 vrasroechion oh Jrkipiaduistign casting devics

cau@@neoﬂagrr%ww.tm:é&ln ooling 9 - collecting
hi gh- pressure devise 10 hi gh pressure punp : 11 -

d 8- eeliegtinghighrressure gerige 12 - rinse tank ;i ' - " -
t a0selaf PRESE st " e 16 < compr bssor 17 - casting
anprdeﬁgedyeav#-pressure pump

12 Zrinse tank-' © e

13 -=rinse’ BOX: = =

14 ~inse low:ptessure pump

15 - pressure tempered 10 | t012 | 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 — tension roller

24 - reswelllng salt solutlon

25 - side frame -

26 - jets

27 - mechanical wiper

28 — pressure spring mechanism

29 - upper, lower wiper



18 - outfall of a waste wet air 19 - the first
ventilator 20 - the second ventilator 2 1 - tank 22 -

weswapes2ek 23 - tension roller 24 - reswel | i ngPGHLCZ2007/000015
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solution 25 - side frame 26.s54j.ets 27 - mechanica
W per 28 - pressure spring nmechanism 29 - upper, |ower
W per- 54 - 30 - distributing pipe 3 1 - adjusting
screws 32 - brush 33 - upper protective frane 34 -

t hyust. | ation screw 35 - spring 36 - upper section
rth@s{g@%@gpm%mr section of the box 38 - outfall

3%1-_§(ﬂ§§ﬁ,{§gsé'pg%i ne frame 40 - upper rinse jet 4 1 -
supply "pi pe 42- lTower rinse jet 43 - lid 44 -
adjaushrashe wi per 45 - wi per

33 - upper protective frame

34 - thrust regulation screw

35 - spring

36 — upper section of the box
37 —lower section of the box

38 - outfall

39 — casting machine frame

40 - upper rinse jet

41 — supply pipe

42- lower rinse jet

43 - lid

44 - adjustable wiper

45 - wiper

46 — upper assembling segment
47 — lower assembling segment



46 - upper assenbling segnent 47 - |ower assenbling
segnment-48 - CLAIMS 1. A nethod for the industri al

w@edae2soHn of biocatal ysts with biol ogically BCI/CZE07/000015
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material in the formof i mohgli zed enzynmes or

m croor gani sns which are i mobilized in the polyvinyl
al cohol gel and their use, wherein the active

bi ol ogi cal material, fornmed by the m xture of free

n%@ﬁ)r pretreated (aggregated) enzynme catal yst, or
p on mcroorganism or part of them and the

pol yvi nyl al cohol gel, is used for their industrial
production, the mxture is gelated and shaped in a
streamof drying air in the tenperature range of 8Q0C

15C j i - f the. b I ,
bdiive AoriefBh' e e T e o radieiRhat  bidetdiusts , with
obicidyically fativet endtbgalvoh utie Kefh bR igRhobillzey 7er'iEVn4es or
and conseq uentlg t hus prepared bi ocat al K/Sts can

c DNigroPEganisHs W @he@reahﬂmphélﬁedsle the pp umuh@m@%ael and
pfﬁe‘?reﬁﬁ%avlfla%?ﬁ tﬁ@%c‘ﬁ%‘@libg EQI’ maYgH ‘?hfo?rlﬂgﬁ)}ﬁlsm%' %@{iure of

bl ot ec ogl cal process Ct VI

pfredunail\cm anpredreaiedht(aggregatsd)i euzyrhen@tta%tﬂ @ﬂciaroductlon

d de bl trol
c ERGRRRNS e Be Prcahat incbing hevwikaleanglae, is uyer for

NEHMOrdRSHRI ProdludiidnC td Fﬁl)lturé/\’fbe Siafed gﬁd'srh‘égéﬁrlbae{ k¥eam

produced biocatal yst is repeated y used Inr
baf dryingaiein the tempeﬂaturepreawgedoff 82 Mhatac N58¢ consndermg the

CPRPE B SETGRG e, Bl TR AEGR A o
eratiopofl teedsurfice tthetheolvolimy! kape hRjerdarf 07 gt
preparation of the biocatal yst, destined for the

nFenSReBIeNHY I thus iRseraredRiacatblysis ¢anthe mltmatedawdstqn@d and
bfl‘%ﬁl]atlfbdey b Bicte SHIRAG n@f:élm 0135 S%@ggt@u ldkt:o%%' { Vhich

conseque
ceh$ureat givém bmte?:rhnrolugm:aintprﬁ@@hwnhlgheh phﬁmtlwyﬂg%her
dt ?te content of 50 rﬁl to 500 /[1-49 -
pro uction 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 wherem nitrifying
vmlcroorganlsms are encapsulated into the polyvmyl alcohol gel for the
preparatlon of the blocatalyst destined for the mtrogen 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/I to 500 mg/I
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of NN-NH4, at pH 7.0, at the tenperature of 200C to
350C, and the dissol ved oxygen concentration higher
4. The method according to cl aP@ECZ2007/000015
2, wherein denitrifying m cg9ergani sns are

encapsul ated i nto polyvinyl alcohol gel for the
preparation of the biocatal yst, destined for the
nitrogen pollution renoval fromwaste water, and the

R b T At oS PR b SLABT A 30 %, AP 48hes
BB S o W BT Ve o the
tenperature of 200C to 350C, and at presence of

o rBr gnRineR Bbrana” . HBRTEST 0Bk R Wirpil] ndenjrifying

%mc%tﬁ@sh&n@/r@@mammds mmaqmmnmlbamu ageir ¢or the
encapsul ated into the polyvinyl_ al coho

mrﬁparalmno@f the blpgamly@@,acﬂ%gty@d fop dhe ,qqgagqrbpolfq;@n removal
t
%ﬁg({?%ﬁtg rv?é%g, 4@2 ;lﬁg%ﬁg&%ﬂi%ﬁ%g\nﬂfégﬁd it %rnt|§§1n§r bands,

berd d‘oﬁéﬁguemﬁd tho rigmgolsilizdtys tdre cuftivhicdi zrataewaéere nutrlent
cultivated in a water nutrient

Seekian with BUSGeN S PSLBIR ARISPYET SOIT0) gp TG gt ofN-NOs,
tlﬂg ,@lﬁf ! é?EtL@QB@ZY)OC‘{% @n@nﬁ"éti’préséﬁ’cg o@me’!hanol

ol presence fromi1%to 15% of wei ght.
naeg a@#sabstnaw ingase O(fldamhmfymgdnlczoor\@ﬁéﬁ@?fw Baci I I us
coagul ans thernophi.lic bacteria are encapsul ated into
the pol yvinyl al cohol gel for the preparation of the

bs 0¢RE Fh¥thod Aesdriingdof ainde drazt Meaéirﬂanmbtm‘Iasomobllls
fromthe saccharide substrates, and the.bi o?at al ys

shrqarablobactedatare anegpaulateds i the @olyvin alcolid geﬁ for the

con t t
-OHEpRAIaN ok b iptatefRl “dedth gf‘fd"éeth’éﬁ%s??%??%%*ﬁ{“?ﬁtﬁ°m
Oéacﬁﬂfahﬁelél%s@rfate@i@hﬁ bietattlyst tseimearsitaped info BMstshaped or

and .5, at Iactlc acid or .jts salts .. .

pelrhal forois, B GanseAIGN ARG HTTOLiiaTeS B rultveterh @

f QhtdrRutREAAHEHILAR WA GRS LhBehdrRiccs @stiate cBRRINGR% 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
alcohol 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 nufrient 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%
t012% of weight.



strain Bacillus coagul ans CCM 4318 is preferably used
for the production. 8. The nethod according to clains

wa.2or/1@4268vher ei n enzyme gl ucoanyl ase i s encapseCHCE2D07/000015
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into a pol yvinyl alcohol geof-or the preparation of
the biocatal yst, destined for the hydrolysis of starch
and cel | ul ose substrates, and the biocatalyst is
shaped into lentils or bands. 9. The nmethod according
to clains 1 or 2, wherein enﬁémslnv rta

ehcapsdihg seethadofarBiepBIadlicHyn aGo5HB B’elcll‘?"g'r 5, fyeherein
ROERR BCIIR RadBlffACelWAS 18 Basbichas fﬁedsmﬂt@ Rigaction.
trates hy

ysis, and the biocatal yst is Shaped
|nto | ens- shaped or small belts form : " 10. The

B gt isgod 2eBohdte o Sl 1 e, SrndlRFh ERufrodiiEpamytase
Z‘Eﬁt‘f%eégﬁé?a hid 2 pRlyena! shedol %ﬂtﬁﬁ“ﬁ;’?‘?ﬁ%‘“" of the
Digealalysh destingd {on oy oA A PIATER APRRRuIGSS Subsates,

bR B EBRAYEt i SnAbRPEtG lefliR ol oPel O ST

or 9, wherein thus imobilized enzynme is used in

hydrol ysis of the saccharose soluti.ong with content 2%
é 50% Hhe mﬁteﬂ@ Ao IR 4352 MheTell} efiguns Mvertase

nBﬁ&%élgS ftﬁoﬁ'lé gaogslgﬁ’@l aé‘l@ol%i geb- f'érttﬁe7pﬂepa¥8tlon of

e us ncapsul ated gl ucoanyl ase
[ htboatadysywde,dtmekiccmrolsag:ehanqset Isebsirgiegc dy@rolysis, and the

prepa cordi.n clairs 1 .wher ej.n-:
tﬁl@ga{?ﬁfﬁs %%‘5 %ﬂ? -$hapgd Sy Sd L?élﬁ% %’& $ of hi gh
sacchari: des "preparied-by partial starch Rydrol ysis-

with 2%to 40%w of sacchari de substrate content at
t h@. t enpee ameathodf agdengo tasclaiing ﬂ:HOS 8, twh ?rem5 epzyme

Rl o TR 81 ShrPAEHCRN i BoGLRNT aIRna IO the

P eparatidh eomh@mdsaalgstbaemm ffor bbms‘eehymnws aed the D-
hanol pr oductl on. 14 The nethod for, use

t galactase, 1D-gluprseiand, grigsiaoligegaccharides pro e 90“ fld" 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 accordmg to claims
1 or 2 or 8, wherein thus immobilized 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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gl ucoanyl ase is used in saccharification of
starch-containing substrate in the lactic acid

use of encapsul ated b-gal acggpsi dase i nto pol yvi nyl

al cohol gel in the D gal actose, D glucose and

gal act ool i gosacchari des preparation according to
claims 1 or 2 or 10, wherein thus immobilized enzyme

is used in drol ysi s of cto ol u o With 2% Bx]) d
4% of e m%h@%é%aw qecading T ook celpin mobiize
tq‘!@(}})ﬁ{rﬁ}?lﬁ%@ ég?lﬁ: ggﬂgﬁgﬁﬁaﬂaﬁ’ df tarch- édhtgmm@suﬂ'dlﬁate in

evice, providing optimzation
Ctﬁelﬁemi\@gahwé ettsanul productiome and surface in dependence
bn biologically active material extent, consisting of
a casting nechanism (17) nounted in front of a drying

Ohfn”em{ez)netﬁ&ﬂ (leghsé\’@cébrd%g?%”cldimomz aiereromiebllized
(1) runs, according to claiml1, wherein the device is

egjucqgmyllaaﬁt is used aassacsharifieationngl FEatEhCoPjaIRngnsyhRirate
L ted t
oidBe fres e BT RENG nrBLf el BB cosor (T6) . the

conveyor belt (1) and a drying system- the source (4)

f ad whi ch js bl b f.venti|
Mo arihe meanad forisg Q,f'rérgc@egﬁf%m%gs “GaiRsroRKiads b iny

hﬁg{,mgggi Wg%zg@ GtdSd, CP-giiéSsd Bl bRRGIIRbsaEcHaides

nnel ower fin dryi ng
Cbl@paﬁdtlo(rﬁaxcmrdlrtg tee slairhs i ingr 2aok 107 whereimdhus immehilized

o B o e als iciGen PR RAR Wi e oadt R Weiont

réé&ﬁardﬂ@ éiﬂ)s't@té%ﬁﬁﬁ & thed témpépliiensf 201G to 60°C and pH
i ntegrated high-pressure punp (10) and | owpressure

p8Sto(711) running into a collecting reservoir (8) wth
cooling and further a rinse box (13) for continuous
conveyor belt (1) final cleaning by- 52 - jets

cognect et Angusipiet PprRIBBLieN pdevlcél4h)rowvl‘ihgh dpéimization of
connected to a rinse tank (12)

i biglngical marfipowlymecandisyiface Eb@%?%ﬂ%@clﬁggfb PQYQH"?L%% active
W&%tgﬁeﬂ é){tl\%ntc U bﬁféhh@%%ec‘,‘éé’tﬁg( SechSn&A (BB Mbudtdd m™Pont

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 alr which is blown by
means of ventilator |nto 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 reswellingAtarjk (7),
between which a wiping and collecting device (9) is rhbunted, de‘sigvned 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

15. The net hpdr/€@2007/000015



wi per (27), with the spring pressure nmechani sm (28),
and the highpressure jets (26), fixed to the frame
W@ 2Wy/1e£268 he angle of 45 to 80, are nounted, whkCT/€Z2do&000015

upper w per (29) with a brushptor inner side conveyor

belt (1) cleaning is firmy nmounted on its inner side

and opposite to the nechanical w per (27) and the

conveyor belt (1) is equipped with the | ower w per
for fi cjeaning at the point of its exit from
]cpgﬂ%ctgag? 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 (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
10 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).



