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INTRODUCTIONiiiilhniiiifii

1. 1.. l'-"F“<Ef-'r’-§l_'§f.-'3 ':

Cell immnhilizatinn technology in a rapidly
expanding arna in the endeavour of microbial fnrmentatiwn.
During the lnmt 15 years anveral prnceafinn have been
developed and more are in developmental atage of approaching
commercial utilizatinn. filthnngh cell immnhilizatinn in
jufit nnw receiving wida apread attention, Immobilized calla
have been succeasfully nxplnitnd for many ynara. Una cf thn
earlieat example fur nae of immnhilzed cnll is vinegar
prnductlnn. In quick vinegar prncesn the micrmbial film
which develop on wood shavings convert ethanol ta acetic
amid. Immobilized calla are the principle cnmpnnnntn nf the

trickling filtar in waate treatment syntem and thfly are
renpnnaihle for leaching lnw gradn mineral urea where
Chemnautntrnphi: bactaria attatched tn the mineral surtacea
hringa about the leaching through the nkidatinn of mineral
sulphiten. Other natural habitatea such an soil, marine
envirnnmnnt, and even dental plaque arn important ecofiystem
where immobilized micrnbea can play an important role.
The term immnhilizatinn nhnuld not he rafitricted tn the
cells attachnd tn anlld turtace. it can be cnnnidermd an a
phyaical confinement or lncalizatinn of micrnbial calla. The
cluaterad calla function an a heterngenenua catalyst in
prautine. Thin pnrmita the ecnnnmical reunn of the
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microurganism. Immobilized microurganiams may
diwplay prmpmrtiea quite different frqm thmse mf frae
suspended calla. These altared properties after advantagea
tm bimlwgical prmcems that cannot he attainmd ‘with
conventional fermentation fiyatema Qr with immobilized
enzymea. The immuhilized anzyme system an aucceasfully
applied on large acale operation to single step reaction and
Hflfl cnfactmr Linked reactimha, hwcauae the cnntihuous
genaratimn of cofaator 1% an unsolved problem.

The immnhilized call Qyatem offer highly
acceiarathd reactian rates due tn iflCPfi&E@ in call density,
1"n>:.'ll:i'*;'.'=>.1:'a=.*~=.=.; c)f.n;-2*r"'a.4.: itJr1 enf; high (L111 2.11.: icih ra.te:+ wi."t;hcJ2.1t wa.-ash c11.;.t

of the ualla, anfl higher productivity. Immobilized call
ayatem Guam not neceasiata neithar extration nmr
purification of mhzymea from microbial cell§. The moat
ubviata benefit 1% capable tp mperate cmntihuaualy. In
cuntihunua proceaa the immobilizad calla are nut affected by
the ihhibitad compmunda and nutrient depletion. Further more
the cmntinumua immobilized cell reactor can be operated

uaing hmhgrnwing calla, which may be advantages fur _the
productimn of anme metahglitea. Since dense cell pmpulation
can be maintained in the syatem without causing rheological
prublemfi the mixing and mafia transfer propertiea are
imprmvfid.

The added beneficial feature of immobilized cwll

aystems are the inert aolid suppmrt, in dilute media may
concentrate HutPiHfifi§ at a liquid solid interface and calla
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attached tn theae suppunta are exposed to highen nutrient
cuncentratinna than exist in the bulk liquid, higher cell
pnpulatiun, famtmr gwmwth rate and rapid pruduction may be
achievad.

Inapita mf the potential advantage offered by
immobilized mall temhnmlmgy, cell immobilization nu have
cevtain lnhevent disadvantagea and hence call for
pvecautiunau Thug in the pvucesn nf immnbilization the
chancea 0? fnw key gnzymes being inamtivated due tu the
presence‘ nf varimua pnlymevic cumpounds the desirable end

pvnduct fnrmatinn in greatly affacted. In name cases
adaurptinn of raactimn_pvnduct$ an tn the auppuvting matrix
may result in the decreasé in pnoductivity becaufifl of air

1-‘?

U

toxicity. In lavge acale wperatinn the reactor pavfnrmanca
greatly depend upmn weveral chemical engineering pvnblema

such ms pr"-5:-.=;'t-31.1.r*»2 »:ir"'»::p§, voi-:1 v~:>1um~s2., beci -sshr*inl<:age., Inset!

fuuling aaanciatad with biological pvoblams like
cantaminatiuna and rapid degeneration hf metabolic
efficimncy of the cell.

Hnwnvev the advantagag offered by cgll
immmbilizatinn atudies out weighs the drawbacks and hence
the inteveat to develop novel immnbilized cell aygtem in
continued in the veaearch community.

Large number QT techniquea are available fur
immobilizatimn on diffavent auppovtfi. Moat of the techniquea
used for immnhilizatiun 0? fimluble enzymas have alno been

found auitable fur calla and uvqancjelles. Selaction of
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tachniquefi for immobilizatiwn depends on the nature of calls
and number of chemical cumpuundfi and itn ultimate
applications in a pvnpev P9&CtQP Qenmatry. More gentle
methodn are Often Pequiwed fur the immohilizakinn of viable

U3

calln aa cnmpairad tn non viable cell fiyntem (D nuza 1?B9)
In pvinciple fouw diffevent types nf immobilized

mree t;l'n'Jd  :;.u"e: vi i -as t i1'n31.1.i.s=.ahx-su.1 . "i'I'\ce-sea inr.'.].1.acl<-;2 en t |-*<=.>.pmeen 1'. ,

covaiant binding, arena linking and adsnrption. Hm single
system can he applicable tn all enzymes nv calla in view of
the diffevancea in their compofiitiun and overall charged
diatvibutinn. Tha substrate cuncentvatiun may alsn inflmance
these methnda.

Qmong the techniquea the must extensively Qtudied

method an far in cell immobilization is entrappment of
micvnbial celln in pnlymev matvix. The matrix ufied were

Agar, Alginatn, Carvaggenan, Azvylamida, Agavone, Hen egg
white, Cnllagen, Celluloae, Epmxy resin, pnlyatev,
pnlyatyvene and pnlydvethnne (Yampion & Tampiwn 19873”

‘ fllginate has been extan§ivnly'inventiQated for the
preparation nf immubiliaed ayatem, wherean acfiylamide
polymera wane ufied after treating with mv by Padiation for
preparatimn of immobilized non viable ayatem (D'Snuza &
Nadkavni, 1?8®;Deapande etal 1§8?).

The ability 0? a1pha~amy1ase tn causm mild changaa

in randnm degradation of staruh has been mf vital impovfiance

in hauking, brewing, taxtile and paper manufacturing and
fitarah liquefaction. Many important advantagea for uaing
alpha amylaae includea use as supplement in the impvuvemant

nf bvead cmlnur, flavnun,texture and she1f~life.
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In the fond industries stavch ia usad for the
production of starch ayvupa like glucmsn nyvup, maltnwe
synupa and fructmsa fiywups for the pvwductinn of alcnholic
havevagea and in baking industrimfiu In the non fund
induatviea starch £5 widely uaed in the paper and taxtile
induatviem as a thickener; aa adheaiva and in chemical and
phavmacautical induatviea. Evan sfiarch ia fuund to be uaed
in the mining and oil axplwvation.

H#2nc'.»'.=.~ i n i; he 1 igh 1; of the »:w»":r"wl"\e%1r|1i.r1g

mignififianca wf immobilized call syatem mentimned abmve it

was planned tn apply thm prnawss wf immnbiliuation wf viable

callfi of a1pha~amylaa@fi pPmducing_§. .f'""1, iaulated frompnlxmyxa

Cochin Univavaity of Qcience and Technmlogy campufi, with a

multilateral appvmanh of maximizing alpha amylaaa pvuduction

by batch and continuous pvncesa, starch degradatiun,
Peducing sugar pvfiduution and cuimmnbilizatimn almng with
yaast fur the divect convevaion of starch to alcmhnl uaing
varimufi atavch amuvces employing alginate entrapment
tachniques.
1.2. Review of Literature.iiiiijiiiiiiiiliiiii
1 ..  1 T3:-.~»".:§"1n iq 1.1»:-2-as of Immnbi 1 izat ion .

fittentiun ia paid unly tn the antrapment technique
amung the varimua techniquea wf immobilization while
reviawing the available literature a5 other techniquefi are
out mf stone of the pveaent atudy.
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Polyacrylamide

Polyacrylamide gels have been used by several workers to
entrap bacteria. Thus polyacrylamide entrapped cells were
used for the production of L — citruline from L—Arginine by
gtreptogoccus faegalis (Franks, 1972): glutamic acid from
glucose by Corynebaeterium slntamicum <S1OwinSki & Charm)

1973); L—aspartic acid from ammonium fumarate and 5 hydroxy

L—Tryptophan from 5—hydroxy indole and Serene using §L ggli

(Chibata et al., 1974); L—lysine from 2,6-Diaminipimelic acid
by Mgcrobacterium ammoniaphilum (kanamitsu, 1975) L—Sorbosone

from L—Sarbose. by Gluconobacter melanogenus (Martin and
Perlman,1976); benzene degradation by Rseudgmonag
putida(Somerville et al.,l977) production of alpha amylase byi _ I nbag llus ysubtilis (Kokubu et al.,l978); preparation of
glucose 6- phosphate by‘ Achromobacter butyri (Murata et
al.,l979); productin of L-Citrulline (Kolot, 1981);
accumulation of divalent metal cation by citrobacter
(Macaskio and Dean, 1985); debittering of citrus juice by
Corynebacterium iascians (Hosogawa et al., 1985); production
of L-Sorbose by Qluconobacter §ubo3ydansy(Stofanova et al .,
1987); urocanic acid production by Qghromgbacter liquidium
(Larsson & Mattiason, 1988) and synthesis of L-Dopa by
§.lntermedia ( Para and Baratli, 1988).

b) A19i'1a!=s

Microbial cells have been reported to be immobilized in
Alginate beads for the denitrification of water
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by Pseudggonas denitri§igang (Nilsson et al., 1980, Godbole
et al., 1984); u production of Vitamin B 12
by Propionibacterium sp. (Youngsmith and Chutima, 1983)
ethanol production by Zymoggnas mobilis (Margaritis et al.,
1981); conversion of glycerol to difiydroxyacetone by
glggobobagter oxydans (Aldercreutz et al 1985) ; stereo
selective reduction of oxo—acid esters by Tnermo,anaerobium
brockii (Sonnleitner & Fiech.ter, 1986) degradation of
n-Valiric acid by Alcaliggnes denitrificans (Caunt and
Chase, 1987) production of propine oxide by Mycobacterium sp
( Brink and Trempr 1987); protease production by Serratian1i—
marcescens and Myxocgcgus ganthus (vuillomand et al 1988)
apha amylease producton by Qacillug subtilis (Orio1, 1988)
Qacillus cqagulans (Nandakumar & Chandrasekaran, 1990); and

B, Eolymyga ( Mohandass and Chandrasekaran, 1992);
production of Pepsin (Chitra and 9Gowrichandrakasan, 1992);
and continuous synthesis of thermostable alpha- amylase by
Bacillus (Jamuna and Ramakrishna, 1992).
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c. ) _}1'j:LMi.Ii_<2»%.;r?"E ?rff;9;gE-lj=1 n »:=\.r13..

Kappamfiavrageenan heads have baan emplmyad fur
immobilization uf Q ggli fnv the prmduction mf L—A$paPtic
acid (Nishida at al., IQVQJ; Pa@ggg@QQgg_ji§xm@ fur L~Ma1¢ic

5-"*­

acid pvoduution <Tekata et a1., 1@8@ 198%).
_';.'_'_jJ_.1_‘;g_(;___f_,'_§r;.-_gj__.1j._g,gr_r)_ <_:!_1g'+_§_.1_g;c3;1_%_1_§_»;\._ ‘for the 1:n*r_1r.1\.u:: 1: i cm c> f |.."*§\2‘=5p».=.u‘ 1: i st.

acid (Fuvni and Yamaahita, 1¢B3 ); Qiggggigigm
gflgggggggggggwfmv acetic acid prwductimn (Wang and Wang,

1983) EgQ£giiii3g gQ£1§QQgQg@_ for the pvoductimn wf
[J <=".1r1 ix: i 1 1. ir1----13 I. Ike-:1  f5e>.u.c. l'n=2t" , 3."~}‘E%T3} TI 5'  g;_g_,L}_ fur" tlwe

degvadatiun of aromatic Pinga of xenobiotics 4 DHU1%tflP at
al., 1984); prntmpmst mf Qggggg Qggggg viawility mtudima

a->

-'3
C5
L5

(Linfiefuvm and Brmdeliua, , §5gggg§QQg§_§g§g§_ and §.
QQilggg§_ fur waste water nutrient removal; ( Chevalier et

5-1

:-=
.

.-»
-3

, 6?); figggwaag gglgarig for depwlymerization mf
Chondroitin Cwaulphata (Eaitu et a1., 1$Bb); fiflgggggirlilgg
Pubgvqfl} fur HE pvwductiun (Hivayama at a1., 1?Bb)"i,

' '?*"'<> ;->  ii.§.:<.z~=u'.£1 M1 *"~":1 W11 1  *1)1

I 3'.. ‘- "\"‘|’ ~for nrenavatimn mf L—blutamatw (kaPub-mt al. " 1?h;;'5 7
M"xnc0ccus xantufi fur the avmduction of, extra cellular._.1’.___._.__---.._.-____ _.. ......... .. ...

I­

|: rt: 1: es i r1 ( ‘v'c:m.ru=e ea c-1* '17 19.1 .. ., 1 ‘E-‘H731 §j_f,§j:___1‘:1.‘];)__iLQ.'_Q_§1'1_f;|'__'i..'.:_\_§§_$_ \_C_§_.1__a3,_';_r5g._3,__i. :3 $2 r‘

for thm basic fitudiea Df U2 uptake {Scmtt at a1., 1?8B); and

Fungal mycalium ifi Kappa cavrageenan far cmntinumua
syntheaia of glucm amylase {Emilia fihraham at a1., 1991).

d) fiqavh
Mimvmhial calla have alas been entrapped in agar fur

gluaoaa production frnm Lactose (Tmda, 1975) by Q. ggilj
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far tha pvmductiwh of gluccae and fructose hy §§§§Q§QQQ1§§§m

pasgggkgggg <T0da and 5hcda, 1?75)g fwr hydrhgeh productoh

I1 ;~" Q1..s:4.§i..ta.s.?..LQ;1.u1!1 tz.\.e..1.=..>:.!."...i.§¢-:a=*=.*"a\. <£-MI-Iv-1~1i G1 1= A 1 - -, 1 W; 'f'<-W t" h <-1

degradatinh of Caffine by FseqgggQQ§§_ g3§;g§ ( Middle

{wk

43
'7‘s‘;
S *­‘J
\-I

Ravine and Bakkav, ~ ; fuv phahul deghadatimn by
H@thGfl0Q@fiiC battevia {DwyQr at a1.,198&); and fur hydrogen

production my flggggggiggilgg QQQEQQ (Hirayama, 1985?.

E) Agarwse

Qgavofia head$ weva uaed fmh immmbilzihg Q. ggggilig and

§.§Qll_COfit&ifliflQ plastid encoding rat pro insuline for the
pruductimh wh ihaulin ( Mmahaah at aln, 19E3) , and
1QgQ@Q§QggQQQigm_ Qggggil for atarew aelectivu weductimn of

acid extvaat ( Smhhleitflev and Fiachitor, 1?8&?.

1.2.3. Phyauiulogy and Characterization of immobilized
calla

The mhdaratahdihg of the Palatimnfihip between the
catalytit behaviour of the fixad calla is inadequate
infinite hf many wbaervationa. Primarily the change in the
behaviour waa attributed by the availability of flutPi€fitfi

~.c‘I
I

iiiwmdr-2 1 i use; c-2 t a 1 1‘?-"7' Dr..1.r' tug ‘f'Et“fl'\(=..‘:f'1 t a it i cm 1.mch2r"

immnbilizwd Ebflfifi anhanced glucoae trahapavt led hm
increaaad Pate hf ethanol fnvmatimh inspite of the fact that
the auhétrate transportation 1% ihtarceptad by auppurt
aurfaqe dme' to anchorage of the p&Pfi of the CEl1% ( Von
' ehihck and Rnthfitain, 1@&5 and Van udah, 19b7).The

ct
CT‘

rs:

+:

iimzw:-.~¢1:-:1*=s»:.1 mr~.=.i:eJ.tmlic: 1'-a.1:."e: :31‘ a1.c:~r:hr.': 1. "f‘m"m»;U.';'i.c>n ea.l'.=3m aux-;;»ges2ai.:se»;1

I-up

C1‘
t"|
1.:

C1‘

:1
31'!

that it is due tn the damage cauaez immmohilized
calla, cmnaequahtly resulting in the cell permeability and
fast entry cf glmnoam (Suzuki, 19723.
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Pmnek (19&3) while ntudying the call cycle of §.
gggggigggg under immobilized conditinnn ohaevved the
excluninn of buds following the dmgradation of cell storage
in the pwriod of polyayntehsia. Hartwell at al (1974) ,
Hitchinmn (19?2), BaPse1~Hahn~HaQnradal (1989) and Smnal Vmra

<1?8&) havw alao atudied thw qrnwth cyclm mf ymafit.
The attatchment mf miavwhial calla on cavviera

alteva the permeability of cell menbvane (Atkinson and
Fuwlev, 1?74 Marahall and Fiatchnv, IQBQ) and lad tn a shnvt

tarm incvwasn in the Pefipivatiun Pata at the §urfaca.­
flwavawmn and fiuvand, IQY7). It haa alnn been vepwvted that

the cluntered yeaat calla hava vaat change in genwratinn
time (fihnae and Bandhmpadhyay, IQHQ). It wan demonstrated

that yeaat calla appeared in the aamplas and fullmwefi a
cyalic fashion and raleased peviodiaally (flamafivifihna and
Jamuna, 1?9@}. Shimuaugj Q1 (1???) DDEEFVGU that conditions

of mptimal growth rata fun immobilization are often
different fvmm frwe uelln. Bhuse and Bandhmpadhyay (1$BQ)

QDEEPVHU. suhatantialiy higher pvmduct yimlda than those mf

frae ceilx while Duran and Bailey (3984) PHpDPBEd that the
prmduct formation in immnbilixed calla are uncuupled with
growth. Niahida at al <1???) indimated that mechanical
strength and upaflatimn fitability Qf the beads are due to
hardening tP&atm&fi% with glutavildehydn. Vnrlnp at al. (1981)
indicated that drying of immobilized apharea has gvaatmly
intreaaed the compvesaion strength. Mavtinamn at al (1989)
has _rep0Pted that the gel fnvming capacity of the alginate
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can be correlated with the propurtinn to L~g1ucr0nic acid in

vi
"'1

‘*1
Q‘ I

the polymeric Peamtiun. Ugbwnna at al (IQE atmdiad the
vavinus factnra that affect the Ca~a1ginate gel beads.

I-Q

-:2i‘

Martinson at al (1?E have correlated the cnmpmfiition
-r="-~2q1..1e2nc:e2 , ~:si:r"'¢.u: t:I.xr*»".-1 and the 1:1 l"sy:-:4 ital {.‘n"up~2r" 1: £221-1. ca‘? there c_;<a\ 1

heada.

Nattmau & Saddler (1982) ntudied thm half lifm of

IQlghQggflma% g;giQ}§g_ in the packed had reactnr column.

Navgavitis and Eajpai (1981) Papmvted that higher cell
1¢_'1»3.r.‘lir1g will i">'.=2c$uc'=a= this gs-:1 -=7-;’c;r"ength.. Br"ir1{-.: #3: Tranwp-‘er-'* (1‘¥'Bé-)

reported that the internal para diffuaimn hf the limiting
subztrate affect§ maafi transfer systema in Nygpbqgggyium,

1.E.3 Immnhilizefl Bimveactuvs.

The c;h0i1.':<-:2 c>f' an

appvnpriate deaign of immobilized cell Paactmv ia
I

fundamental tn the aucceaa of a pvncmaa. In general, the
type of Peactov chosen detevmines tha type sf immobilized
(mall [.we=.~1::ea.:'~<a1:;ions; which can I312 I...1e.=a»z.-ad a-1nd vi~::»:e \/e'.=!t"'E5é.>.. The

cnmmwn veactora which are applied include fluid had reactar
(FER), stirred tank reactor (STHF, air lift Peactuv (ALE),
column raactwr etc. \ h

Etudiea on immobilized Fluid Bed Reactnva are
Father limited and concerned with nae of FER at a pilot
plant $C&l@ far the waste watav denitrificatinn <St@phan§mn

and Murphy, 1980); decaluurization of Kraft p&p@P mill

P"
-12

J1’

effluent (Rnyer at a1., _ ; aerobic treatment of waste
water 4 Bull Qt a1., 1QH$) and devalmpment of fluidized bed
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with sand e-.1:-:-; a. t'.1:'u'.1film ~:=s¢..xp1::0rt math;-'er :i.a.1 in r1--I:u.¢.t<'9.n0l arzd

isnpropanol production by calcium alginate immnbilized '
Clfififiglgggg gggxglggg (Krnnwel al IQHQB, cnntinunua

-:
f-J

J I

production wf ethanul by g. mggiiig, (fitrandbarg, 19%
Margaritis & wa1lace,1@82); and in a three mtage inverted
cone fluidized bed reactor eyatem for Q mggilgg {Klein &
Kreaadr-nf, 1993).

Etirred tank reacturw were rapnrted tn be used fur
maintaining Qtahle condition (Humphrey & Hillifi, 19?33,
vulumatric productivity nf nthnnl (Margaritin & Bajpai,
1981), isnprnpano1~hutano1-ethanol {Krnuwnl at a1., 1983) and

1-­

~12

W
fr
,_..
I

acetone and butanml (Pierrot at al.,
Column reantura were reported to be uaed for

phenol degradatinn by Qggdida ggggggggigg (Klein at al,
}¢79), aepnratiwn of different phasefi of Qrqanic wastns tn
methane (Marrig, IQBE), cwntinumus ayntheaifi of glucnamylane

{finitha, 1989; Emily Abraham, 1991) and alpha amylafie <Jamuna

ZiI
P‘

-\'a'

-c
5.. “_' J
\ur''

2». Ra1me>.t»:riw2-shm:-1. ' - K-wir lift r*»s§au:t:rJr"ss mere: u-sari 1"=:sr the tr*a.nssfr.1rma.tior»

on hydrocorfiisune by alignate immobilized Qrtngggggtqg,

aimplnx. ifilmnaterman & Lilly, 198$}.

'1.2.4 C0 W immobilization.
Ilillul IQQIOQ u--can-Iouoo-In-v-auvnin-lab;-A-nq-own-q-'1.-pqg —

Cn~immnhilizati0n~ invnlvefi the immobilization mf

two bincatalysta either aimultaneously or one after another
on a auppurt by one or mare mathnds. In tha fiaae
which do not contain all the cnmpmnenta of enzymes

Efor carrying out a specific cnnvernimn, the cells
Eimmnhilizad alnng nth an anzyme“ Binding of the

nf cells
neceafiary

are cn~
deficient
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enzyme frum an external smmrce tn fvee or immobilized
micvoovganiamw laadfi to co—immmbiLizatwa whimh cmmbine the

bimcatalytic prnpevtima nf thw calla and of additional

GI

enzyme from anmthev aouvce (Havtmeiv, IWBE, IQB4, 1985
D’Smuza 198?).

Martin & Pavlman (197&7, ua@d cuwimmubilized calla

ff}

to cmnvevt snvboae intm —ket0 gulocomic acid. Trampier
(197%) cm~immmbi1ized fidmmate Kinaae and Acetate Kinase in

polyacryiamide gel and uaed ta Peganerate ATP!Qr QDP.
fi'8uuza and Nadkarni KIQEQF prepared co~imm0h1lizatea by

binding the defiaiant g1uco@nzyme§ to carbohydrate rich
celi wall of yeaat uaing cofi. Havtimer &t., Al (1?94).c0~
immnbiliaed §. gggggjsiae with beta ga1actm$ida§@ directly
to ferment lactose in whey. D'8muza and Mela (198'

HI
‘Q I

C

dfiVE10flHfl A method ffiv obtaining c0~imm0bi1izataa by

the simultanemua binding of mnzyma tn yaaat cell§ and enzyme

bmund tells through adhesion to glafis or celluloait fibres
by imparting anion exchangav pvmpavty to yeamt calla using
polyethylenimine. C0~imm0bi1izatea wera also obtainad by
immubilizatimn of mixed_cu1tuvm§ éfiodbmle at al, 1?83 3
Tanaka and Muvakami, 1$Bb).

Cn~immmbi1ized enzyme/cell systema have
succe§§fu11y been used fov the hydrulyaia of lactnfie in milk
undar minimal micrmbial cantaminatimn by Q. ggll_and g1ucu§a

uxidaae <Kau1 at a1 1984, 1?Bb), sucvuse bu glucmnic acid
and fructoae by Sfgghqrmmyfififi» gggggjsggg and glucmaeia
Bmidaae. (D'SQuza and Nadkarni, 1986, & D‘B0uza, (1981); cellulmae

*4
1*

lo‘;
Q
|-L
\~¢

5; I

fermentatimn by Q. ggggyiaigg anfl Pepsin (Hartmeir, '”
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Cellulofifi fevmentatimn by Q. gg;gg;§igg_and bata glucosidaaa

(Hahn Hagmvdal, 1?83); lactuaa fermentation by Q. QgQgg£§;g§

and E.ga1act0§$dasa (Havtmair at al 1984) and axygen Pammval

Tram beev by Qgggggiiigg QLQQQ and glucwamylaae (Hawtmeiv

1981). Eehavoiur of algae and bactevia cm~immobi1ixed in
carrageenan in A fluid bed PE&Et0P wag alam nhaervad by
Ghnvaliev (1988).

1.2.5 Bacillus and their fimylasafi.

fimylolytic anzymma are widely difitributed in
planta, anima1% and in microovganisma (Eoyer & Ingleq 1972).

fimang tham the microbial amylaaefi havm drawn the attention

cf many ifiveatigatora in the recent yeara ifimbyt & Ackerman,
1%?1v‘9n1nw@ 1@v5>.‘I ‘I

Hmmng the many candidates of bacteria, Qigliigg im
an anknowledged aouvca mf amylaae fur varinua

;.,,|.

6
0*
8 ‘I“J

~61

applicatiuns.(fiuleman & Ellimtg Welkmr & Cfimpbfill,

4

19&w Ehinke, 19?5; Andevson, 1?85). §§g1ilg§_sp. ia known
to pvwduce bath alpha and hmta amylaamfi. Qpeqies mf §§g1ilg§_

éagiiixé» E» §Qé9&LéQ§» E-§§Qfl£§3QEP®QBhiLB§s E­
lichggjfurmlg and En ggg101iggijQgigQ§ have baen Pepovted tn

prmduce alpha amylase (Walker & Campbell, 1953; Saitm, 1973;

-J

L-"~6
Q
-4.”.*1

Q 8

4

i-L
$
-‘INgJ!

O R

if}

;-L

Q

G-4
I

Hedda & Chandra Pinchefi at al . bah,
While Eééiliéi Q§QQE§v E u. v.1xa, E-@2Qg§@c;Qm{ and E~CJ1 111

gigggi§Q§_ wave repmvted ta pvmduce bata amylaae (Marshall,

i9?4; $hinke, 1?75g Takaaaki, 19?6; Taniguch, 1§B3; Kawazu,
1?B7). Recently theae mtvains are Papmvted to produce- -- ~ -- -- - (.'\"\"' Ialphaamylaae Dduidéa beta amylaweb (Yoahigi at al, Irma,
Umzumi 1?B?),
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A 1. ph <3. amy 1 a.-:z;;'a p m'.1c.i (.1-:: t: i cm ti. n {:1 . ,_1g_\_y;_.1__ _g_].__g'.__¢,3 _\_._:__:'=_ 'f_g_\_:;_j._g;2r1 ?:.

and §.$ubti1i§ PGpP@§§Qd by glucose {Buyer & Ingle, 1W72;

ft“.V‘:
L‘:

0

I

I

I

I’?I
I

i

I

I

fjU:
-(.4.

Tsuchiya, 19?5; mtu m famamuto, 1;/b and ddhavfiha at a1.,
1?B9) and induced by maltoae (Coleman et a1., 1¢&Q; Yamamotu,

1975; Siddhavtha at al 1?G?; Yawn at al, 193?.
Thermufitahle alpha amylafia pruductinn was Papurtad

in E1. ?1_'».;2_g31\_r;_g__i11_i__';_n;_1-';;§_ (H:~u‘ tman ., 1  F‘fu.e 1. 1 1*  El IL 1. i. (‘J 1: .,

1?b9g Ugaaahava, 197%) Q §gigQgg}gggg§i{Bun00cowe at alfl,

no
G

1976) Q. Llgfi§Ql£QQfll§ <$aitm, 1?73; Madmen at al., 1Q73;
Chiang at al., Hedda Q fihandra, 1988; Morgan & Priast,

$5
J:\:

F5"J
3 I

1?B1; Yankov at a1., 1@B&; Hajpai Prwmud, IQBQ).

.'¢.\

E, ggbtiligj Lin & King, 1988). Q. Qfl1iQilQQliflgi§Q§_(REm8§h &

LQnsane;,1?B9)@, gggggiggg camphell, 1954; Hedda & Chandra 1?89 ; -~
Lb/Aflbnnvmnh ( C»-m~nmsamaam4uwQo))

1.2.b Immobilization of Bacillua and fimylasea.

Speciea of figgiligg ha§ uvawn the attention of
seveval PQ$9&PfihfiPfi wuvking mm immobilization, figggllgg am.

haa largely been immobilized fov the pruductiun of alpha

. ,I
1"‘

~=.:

*4
I!’Q

\I\

amylase. Baqlligg §QQ£lli§_(fiPQiP&VCfl, Kmkubu at al,

F-L

6
--'3y".~i‘

1978, I981; Castro at Q1, I Q 0@1lQllflfllI§gl§na
(fihinmyu, 1?BE; fivgivakoa, 19‘ -. §§g§§gfih§£QQQQiig§

"LI

ft!§

‘ U

(fieddcwa at al, 1¢B43, Q. gQ§gglgQ§_ (wandakumar h
Ghandafiekaran, 1?Q®) Q. LiQfl§QiiQQ@i§_(HU at al, l?Q1) and

5, golgmgfig (Hmhandaa & Chandrasekavan, IQQE) and ggglllgg

sp; (Suzuki & Havqba, Shinmym at a1., 1982; Anderson

i""
~12
~.'
-12

‘J I

\

etal, 19£' Takaya at al, 1988; Ja@flma & Ramakviahna, IQQEJ

-:L.
JO

have been immmbilized. Eggiiigg fip hava mlac hmen vepmrted to

produce bacitvacin (Yaauahi at al 198$). while immubilixed
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Bacillua wpmvaa have baen uaed for tha bimlmgical control of

mnsquitoefi {Jmahi fit al, 1992). §.QQiimii§_w@PE immobilized

and tested for watmv purification in himfiltevfl (Mohanda§ &
Chandrasekaran, IQQQ). Repovta on immobilizatiun 0? alpha
amylamma are rather limited“ Alpha amylaaem wave ugad for
tha production of gluu0§a and maltmae aftwv immwhillzing an

cyanmgan bromide aativated carbmxymathyl cellulose and an
Demlite D8 ?314l for the treatmaflt wf papaw mill wffluent
(Links at al 1?75? and on millipmP@ filters fov cwntlnwma­
hydPoly$is uf atarch (8imiley at al 1975). Repurts are alao
available on the immmbilization of alpha amylafia in snluble
polymer daxtvan (Ch&P1HB at al 1974; Kumakuva at al 1977) on

2~hydrmxy ethyl methafirylate and in magnetic irun oxide on
cellulose (Kennedy at al, 1977; Kennedy and white, 19?W), on

cellulose (fiuceva at al l?8$l and in pwlyatyrane (Fiacher at al,
1978).

1.3. Objactivw of the prefient study
i—— i Q-5 TD iilil QII Ii 14-1! \£I|.i it IOI III BX IQ II. ij pflnb unlflfl JOQ COD Ijlqlfi Q50 Ifl -In! nj.

In tha pveaent prmgvamma it was planned to develop

an aptimized prnceas fur the immobilization of alpha amylaae

producing ?BaQlllgm%QQlg@yxQ%(CBTB ES) an iswlate obtained

frum Cochin Universltv cam us’ rimavilv for the Poduction1 J
mf alpha~amy1aae, FPnm'th@ Paview of literature presented
in the foregoing aattiwn it 1% vevy cleav that reaearch work
carried nut mm alpha amyla§e prmaductimn uaing immobilized
cell systems are limited to one ow two uccaaional reporta
and detailed atudy on the uptimizatimn mf pvmceaa pavameteva
and technique of immobilization is lackifig.



fmllowiflg

1'7

Main objective mf the pvegmnt atudy include the
IIll \
(a) ~ To optimize aupport mmncentratimn, cell

concentvation, enzyme concentration, bead
mize, Caflli cmncentvation and the curing tim&.

(bi ~ To aharacteviae the immubilizafi figglliga

(C) ~

(d) —

(Q) ~

ggligggg for maximum enzyme pvwductimn with

reference to different temperature, pH, activatimn
time, Petantion time, auhstvate cmncentevatimn,
leaching anfl half lifw.
To cwmpava the Pate of enzyme synthefiim my
free and immubilized viable calla.

Tm mtudy the cmntinumuw synthesia QT
amylase by immobilizad viable calla in a fluid
bed Peactmvh

Tm study the ethanwl production from starch

1» rw ~10 imflwb 11 i=<<-M1 §¢.§\.s.i-l..l:=a-5. r;_\";w._l11n.z'zs.<:-a.

iwi >"\’9'1'='5 *1 <11 Q 1 1  11 1'"
~'-r 1111133?‘ i  ­
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Materials and Methods

L2. 1. l.'3r*g':-m i~z;m anci ~s0ur‘c\=.2

In the prefiant fitmdy immobilization atudies wave conducted

uaing Eggikigg Qgiggyag (CBTB~25) producing alpha amylaaa.
2.. 1. .. 1 $3n::u.¢"c:-:~s

OQI C1001 FD QQD UPI

figggligg Qgigggxa (CBTB~ R5) used in the pveaent
atudy wag isolated from soil envirunmanta of Cochin
Univev$ity campua during the couvaa of an invaatigation
canducted during 1?87~ 8?, and is available aa a atock

I

cultuve in the culture collactimn of the Centre fmv
Bictechnslogy.

%i

L. 1.1 Cultivation media

Two c.'H.1"\”s~2r"»t=.*r1{*: ‘type-.="s Q1‘ mi-z*cli.a\ Wr'E.‘t‘E! u-;seed 'f'-tn" the

up

cultivation of EL ggjgmqxa,

(ai I-lutr" mm ’t: b r*»:1t: H
Q5 urn 150- pun uni nan phonon CQI Inn IQ eino Q00 can

Nutviet broth used in the pPeaent*5tudy was procured
from Himfledia laburatories (Pvt) Ltd., Hombay

(1:1) f"i:inr.ar*-:11 <sa.l't:§ - 2-stawzh medium (f"IE}i=3I"l) Th>:=\ I'1ir1c=.=r"a.1 <5».=>.1tc-s ­

atarch medium (MESH) contained the follmwing (Nandakumar,
1??l3:
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KEH PB4 $.11
\<Il-~31") F“{3~'3- (3.!-. 1'11

NQEO4 7HEQ $.52

in-M

l'~.»

Cafi ' 9.95%
(NH4)E $U4 $.12

Soluble starch r1%(un1e§a mtherwise specified)
pH ?.®'+ mr W ­

4'}.
W.

U

T~3

Distilled water 19$ ml

2 2 Cultivation mf\A1pha amylaae prnducing Q; Qgligigg

2.2.1 Culture Medium
an-Q--I 01-0 Q-u o-Qn~n-- -nun -cl 030 1- uni §I_ GUI

Nutrient broth EH1" Media(1ndia)] wafi used for

cultivation of alpha amylase producing H" polqmzxa whanever
cells were required in large quantity fur the preparatiun of
immobilized baada aa wall aa inoculation purpoaes during the
cnurse of studyu

1;

2 . 2 Preparation of Inoculam

1) Q loopful of 1B hra. mid slope culture waa
transferred aspectically to 19 ml of autaclavad nutrient
broth and incubated for 18 hrs at room temperature (28 + or ~

T-,}

OU
‘hf
I

ii) Thia culture waa tranaferred A6 much to IQQ ml

of N.B.medium and incubated on a rmtary Ghaker (150 rpm) at
O

room temperature (E8 + or ~ 2 C} for a period mf 18 hran
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iii) Cells were harvested by centrifugatinn at

;..|.

Q

,Q®0 rpm for 3% min.; in m refrigerated centrifuge (Hunwta1 I ~00-0‘ 0 | | 0 0b7ww mudel) at 3 L; washed wzth physxolmgzcal salxne and
EUSpQfld&d in 1% ml of the wame waline.

The prwpared call fiuflpmn$1on was adjuatmd to 1.0 OD and uaed
as inmcmlam.

\

3 Culture conditiona

0,;
I

3
:»_J
G

Una litre af Nutrient brnth waa autmclaved and
uaed fur larga acala preparation of cells. The medium waa.
inoculated using the prepared inmcu1am<l% level).
Cultivatimn was carried out in a Eyela Mini Fermenter (1.5 1
mama city) at 3®‘>C, pH 7.0, 290 rpm, for 18 hrs“

2.2.4 Harvest of Bella

Cells were harvested by cantrifugation at 1$,@®®
rpm fur 3Q min. at 5'8 in a refrigerated centrifuge (fiubota
6760 model).

E~2.5 Maintenance

The harveated cells were repeatedly waahad with

phyaiological aa1iH7QHd suspended in 1Q@m1 of the aame Ealine
and maintained at 4 0 C in a atora cowl, Walk in camler
(Blue star 1ndiaL until uaed.

M,
M
n

f‘ 1 I?‘ “ T51 rr_J'-*-“*1 1 *'*'?="‘{‘-“  P’?Q§F?<?rrtr*:??F3<i?  T *1'fE?§ri_ 7
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H.pm1ymywa
ill iAII1flIl%1-.'—5i—@‘I

I-0knxyme praductimn medium

i'~3
I

I14
I
5*"

Mineral ealte starch medium was mead far the
pvoduttion of amylaae by the free cells. (Compuaitimn cf the
media is given under sectimn 2.1.3). Diffevent etavch
substvatee (fioluble starch, wheat etarch, vice etavch and
pntatm starch) were used at 1% level. The prepared medium
wee autoclaved and used.

l'~J

£4

3'»?

Pveparatimn 0? Inoculam

Initially a luupful of 1% hPe.01d HA alope culture
was transfevred to 16 ml etevilized nutrient bvoth and grown
‘for’ 18 1"|r"-as at r*r.:>c1m tarn|Jer‘a.t;u.ve  + ‘.2? an Ci.

ii) The grown cultuve was hawvmeted by
centvifugatinn at 1@,Q$& rpm far 3% min“ at V5.0 and after
repeated waahing in physiological ealine aeceptically
traneferved intn 1&6 ml of the enzyme pvmdmction medium
(MESH) and incubated for 18 hvs an the Pntary shaker (16%
rpm) eat: r'r.:|=3m *;e:npe~:er"a.t;=..u*e ( Z213 + 1.2 cw --I-2°lf;l‘¢

iii) Cells were havveeted by centrifugation (kubota
579$ model Japan) at 1@,0fi$ rpm for 3% minutea at 5 QC.

iv) The harvested cells were made upto 10 ml- Volume
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maing phyaimlogical saline (@.85% NaCL) after repeated
waahimg with the aame.

v) The prepared call Qumpenaimn waa used an
i. l1O\‘.IL.\ '1 am .

? I 3 Inmculatimn and incubation nrocflduveI00 R cu U - -Qnun-n-1-:--u--oocuuun-nun--1--i--can--un---sun: -1-Q-In2_ "H) i |~ L~,__~--—-Q.“-h,-.__-,,

IQQQ ml sf MESH taken in Eyela Mini FEPn?fltEP

wafi inoculatad ufiing the pvepaved inmculam at (1% level) and0 4. -- O '| Q -- ­xnculbated at iv C, iwm rpm for LB hra.

i’~J
0

M
I

4 fianxfiaiigi Eflififlia
Alpha amylaae pvuduced by the cells in the MESH

was fieparated aa cell free extract after centrifugatiun at
O

10,ww0 rpm fur $9 minutea at SC (fiubmta &T6® model).

2.3-.15 f*'ur'i'fi¢:.=u‘:ion and fD».=1ifH3E!i'\€if'l1“1E.!-.

The crude Enzyme preparation (cell free axtract 3

was pavtially murified by (NH4§:SDH (Sisco enzyme grade)
fractionation followed by dialyais uaing phosphate
buffer" (pH 8 ).

i3 The crude enzyme fractimn waa subjected tn

(NH4§$UH

precipitation from 39 to E62 aatuvatimn by incveaaing

F3
C?
£1

slowly the (NH4) 4 concentration along with continumua. . . . . 0“ . _5t1PP1flQ using a magnetxc stxrrer at 4 L IN cola Punm ( Blue
star atmre anal)
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ii) The precipitate obtained at each saturation

was Pemoved by centrifugatiun and dinaolvad in IQ ml of
phoaphatm buffer pH H.$.

iii) The precipitate obtained aftev ammunium
vulphate fwactiunatimn and dissolved in the phfifiphabfi buffer
pH 8 was dialysed extensive againat the same buffmv for E4

i*"
w

0“hrws at *1 L.

iv? The dialyaate wag Pediaamlved in tha name
buffer and uaed fur further ntudiaa.

‘R;
D

-h

. finalytical pvocedurefi

3.4.1. Gall prntein : Cell prntein was eatimated wmplmying
Lmwvya method. (1951)

1. 1 ml Q? cell fiuspenaimn wag taken in a teat tube.

2. The cmntenta wave added with 1 m1 nf 3N HAUH in a
screwuapped tent tuba.

. . . . - .. O ..‘ - ._ O3. Heated 1n A bm111ng watev bath at 1%» L for b mxnutefi fur

extracting the cell protein.
4. fifter cmoling at roam tampavature (28 1 2 0 C) the
samplea wave added with 5 ml 0? alkaline reagent. ~2Z

f'~
1':

wulutimn of Na? DUE in 6.1 N NaOH,H~O.$Z“ finlmtion of Cufifi 4

SHEU in a 1% solution of potassium sndium tartavate mixturfi
of 1 ml reagant E and $9 ml reagent A.)

\
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5. The contanta were thornughly mixed and Kapt for 16
minutes.

&. To each tuba 6.5 ml Qf fm1in'm reagent dilutwd with an
equal volume of water was added.

7. After 40 minutaa absmvbance of the sample was meaaured at
lnO~

759 nmAUV Viaible Qpactrophotometer (9himadzu 10$ A )
B. Bmvine fiavmm albumin wag uaed as fitandard.

9. Call protein is expveaaed as mg/ml.

2.4.2. Enzyme protein
I

'En2yma pvmtein wa$ also estimated employing Lowryq method
(1961).

1. 1 ml mf partially purified enzyme was added with
5 ml of alkaline raagent.

2. Mixed thvuughly and left fur 15 minutes.
Y 8.5 ml mf fm1in's reagent diluted with an

aqual volume of watmv wag added tn each tuba.
4. fifter 46 minutes abaorbance wa§ measured at 75$

mm in a UV vifiible mpmctvophotmmetew.

5. Bovine serum albumin waa used aa atandawd.

&. Enzyme pvmtein was @xprea§ed afi mg/ml.
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2.4.3 Starch .

The starch was estimated according tm the mmthoda
suggeated by Hedda & Chandra {1?8Q3.

1. Sue ml of starch solution wa$ added with 0.1 ml of I2
" KI reagent (6.3% Iodine Jottasium iodide wax added)“

‘T
* 1
‘me
Q“:I'\

mi

?~J

Cmntenta were mqdm mptm 15 ml with distillud water.

fr­
U!
5}

3. The blue culnur develoged waa than meafiurad at nm 1H
a Uvfviaible spectruphotdmeter.

4. Tha fitandard curve waa prepared uaing. soluble starch
(flualiganfi aq. India) following tha procedures mentioned
above.

\

5. fitarch is exprefiaad aa mg/ml.

2.4.4. Total augar
1‘! l QDOIQQ O0} 10 Qfll -III 0-Db iv ID‘

Total sugar wa% estimated by phaflml mulphuric acid
mathod (Duboia at al, 1?5b)¢ Due ml of appropriately diluted
sampla wag added with 1 ml of 52 phmnml aolution and 5 ml of
cmncantrated aulphuric acid and the abanrbanca was meaaured
at 4?@ mm. The resulta were computed from a standard curve
prepared with glucuae. The total sugar is expreasad as mg/ml.
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2.4.5 Reducing mugar

Renuc§n3 sugar wan estimated by dinitromalicyclic
acid methwd (nillar 1959 modified by Junaa & Brainger IWBE).

Una ml of the appropriately diluted culture supernatant wag
added with 6.5 ml of dinitrnsalicyclic acid reagent, heated
at 16Q°C for IQ minutes in a watar bath, mauled, added with 4
ml of diatillad water and absorbance meaaurmd at 56$ nm in a

UV visible npwctrnpnmtmmater.

Standard curve prepared with gluccae was used fur
quantifying the cancentratinn of reducing sugar prmaent in

3

the broth and tnw values ara empreaaed an mg/ml .

i'~3
0

45>
0

& Alcohol

Alcohol wan efitimated by cerric ammonium nitrate
method (Reid & Ealmnn 1955 ). 5 ml of sample waa treated with

2 ml (EQ gm in 16¢ ml of 4 N HMO 3) cerric ammonium nitrate

and the optical denaity waa measured at 4Eb nm. Absulute
alcohul QQX (lamas Burruugh (F.H.D) Ltd (UK) was used aa
atandard.

2.4.7 Enzyme activity

Enzyme activity wan aaaayed according to Manda &
Chandra (198%) '

in The reaction mixture cnntained 1 ml cf call
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Tram mxtract/partially purifiad enzyme,1 ml of phosphate
buffar pH 8 (unlemw otherwise Qtated) and 1 ml of 1% anluble

atarch prepared irziirstilled water.

mg;
I

. After inzumatimn at #@ degree cantigrade fmr $®
miflutea 1 ml cf

M
-U‘
D’ xv

‘i-*4

/R

1

M
Q. I| Q

i-H’

&
3
Ca.

I " " 3% K1 in distilled water ) wolution was

added.
Oé. Cmntanta were made upta 1% ml with distilled water.
4. The blue cnlaur developed in the smlutimn waa

meaaured at 55$ mm.

5. One unit of Qflzyme autivity i5 delined a% the
amount mf enzyme required tn convert Q.1mg mf soluble utarch
at 4@°c within $6miH.uf incubation.

21408 Heasurment of call growth in Immobilized beafla.

The cell gruwth inside the immobilized beadfi ware
eatimated as cell prwtein according ta Jmnea etal (L984) with
some mmdificationa.

Abmut lgm (wet weight) of immubflized call beads (15 baadw)

were disaalved in 3~5 ml sf phuaphate buffer QHB in which the
baada gut diaaolved after 1 hr of incubation. The
liberated .cella were extractad with 1 ml of EH NaUH
,after removing the precipitated alginata by cmntrifugatiun
at lQQ®® rpm, 30 min ls 5°c .



28

2.5. Immobilization studiesiiiiliiiii Iiijiifiiiiiifiiiii
2.5.1 Methuda amployad

filthuugh several methoda ave available ta effeut
immobilizatiun auch as entrapment, cvoss1inking,cova1ent
binding and physical adsmrptimn in the present study
entrapmant techniqua was employed for immobilizatian of calla
and enzyme§.Cvnaa linking taahnique waa employed, in addition

to entrapment few immobilizing amylaae unly.

2.5.3 Suppovta

Sudium filginate (CDH~ India) wag uaed ma
suppovt fov gal entrapment of‘ calla and enzymea.
Glutavaldehyde (Farah Lahovat GMDH Berlin Wemt)w&% ufiad ma

cwoas linking agant for immobilizing amy1aae$.

i-,j
I

1;)-1
I

be
I

- " ' Prapavatimn of Immobilized cell beads.

‘#1:! r5fi'..E;I\ 1!

flail %uapwnsi0n prepared afi mentiwned undav
section 2.3 was used for the preparation of immobilized cellbeada. '
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T2. F5. I31. L2 F‘r"£2f.J»3.r'e$.17i.cH'\ 1:: ‘I’ s§su1:1p<t|t* f: mi-1‘C£? r 1'. a. 1 a.->.r\d head‘:-3

1. 4 Q of dry powder of sadium alginate (CDH Laboratmry
raagenta) unless otherwise stated was alowly added to 1&0 ml
of diatilled water while being cmntinumualy stirred.

5
IJ

¢. The stirring wag continued fur a further period of
one huur and warmad at $9 degree centegrade ta ensure
complete diaaolution.

$. The smlutimn was than left ta atand for abwut an
hour to allow the air bubblea to escape.

4. Under aterilm condition, 2% ml of the prepared cell
alurry was mixed with 49 ml nf sodium aiginate fiolution (4%
W/V).

i‘~J
I
U?

3 3 Preparation of heada

The prepared amdium alginata cell alurry waa than
Extruded dropwise through IQ ml Qyringe from a height of
about 1% cma in hm an exceas of @.Em fiafilfi solution (unleas

otherwise apecifiedk.
Beads mf calcium alginata entraped (cells mean

diameter 3 mm unlesa ur atherwisa specifiad) were maintained
in the Cafilfi aulution tn be hardened for 30 minutes. Qfter
waahing with phyaiulogical saline, three timem, the beada
ware uaed further 5tudia§.
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2 - 5 - 3 - 4 1:ia_i2§@9_@§1¢.e Q£..P? §§§

The immobilized Deana were cured in 9.2m Cafilfi

aolution fnriw hrs (unleaa or otherwise specifiedkand
prwmmrved in normal aalinm at 4°C whenmver the' were not9 5'
used (D'8uuza IQQQ).

2.fi.Q Preparation of immobilized enzyme beads

1. The smdium alginata sulution prepared an

Ii
t
F3sf

mentioned in the previoun aection (2.3.L wan mixed
thwroughly with 5 ml mi 5% Glutaraldehyde snlutimn prepared

in phnsphate buffer pH 7. (Nandakumar 1?W1)

E. Twenty ml of the partially purified amylasm
from B.po11mg&g (30~4Q u/ml ) wan added separately to the
andiflm alginata glutaraldehyde mixture and mined thoroughly.

5. The final mixture was then extrudad dropwiae
through a 16 ml syringe from a height of about 1Q cm into an
excesa of Cafilfi (0.2 m solution).

4. The heads with mwan diameter of W mm were
allowed to harden by leaving them aa auch in CaCl2 solution
for l$ minutes. The prepared beads were than stared then in

6\03;¢p,\ 0
physg -saline <4 C) under refrigeration.

2.5.5 fictivatimn nf Immobilizad viable cell and enzyme

The prepared beadn were muapended in 1% starch
solution having a pH 8 in a conical flank and incubated at
rnom temflerature 28 + or * 2°C fnr 2% hra. {Unlea@ otherwise
apecifiad kthe activated beads were than removed and waahed
with 1‘r~z+sh ,e:.tesn"iIl.ee seal ine malmtion a.nd- unseat} for
further atudies.
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H

.5.é fiaaay of tha_amy1ase activity of immobilized calla
I-III Iflbllwl IQ IIIO *0‘ IOB -0- uflh I-I0-5. ono nQ n-Q DA pap Q0 may w-In-$011 an-4 pl-“Q opp l¢\IIlI§ 9.: lilo nun 04¢ amp 1. ‘on -Q -n- -34-. j- --Q uqg _- 3- Q‘. u.-—¢—g ._ In. |-no -and ~\p pqq

I

am ri ran 2: yrrxes

Yhe amy1a%e~activity of the activated immobilized
calla wam teatad accuvding tn 8am and Chakravarthy (1987),
with slight mndificati0n.1 gm wet weight wf activated beada
were incubated with 1 ml of 1% soluble starch and 1 ml of
phosphate buffer pH B(@.2H) for enzyma activity and incubated

for EQ minutea at 4@.C.The reaction was avweated by the
addition of @.1 ml of IN

H81 and the decanted mupawnatent was tasted for raaidual
starch as per the procedure detailed under section 2.4.3).
Enzyme Activity wafi cumputed and expreased as mantionad under

1-, _~,

U

43>
C

‘xi
G

section

3.6. Uptimizatiwn of immmmilization of cells and enzymea

Bptimal cuncentration of suppurt, call, anzyme,and,

pa
M

4 a

Cafi ' curing time and aize of the beads that could promote
maximal activity of the immubilized cells were determined
as detailed belowa. Activity of immubilizéd calls was
determined in tawms of amylase activity, residual starch and
reducing sugar which wave estimated as per the procedurefi
meznti-ranezi I..mderr* 2secti.un'.e1 2.4,-'(7_, 3, 5) respa-cztively.
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‘;?:.é.».1 53upp~:u"t crzancentratinms

Optimal muppmrt cmncentration required far the
preparation of Deana with maximal activity wan determined
using smdium alginate an aupport. Endium alginate solutinna
with 2%, 3%, 4% and 5% were prepared by the slow addition mf

the required quantity of alginate tn the distilled water
under constant atirring. The solution warn stirred for a
further pnrind nf one huur and warmed at &$° C tn ensure
complete dissnlution 0% the auppnrtfl The snlutinn were than
left to atand for about an hnur tn allow the air bubbles tn
escape. Using these amlutinna immubilized bwada were
preparnd and tented far their activity an mentioned under
section 2.5
2.6.3" Call concentration

III 1!. 1‘ 50- III T. QQI nil I-J CI‘ CCU II$OZD IBI i I51 hi GIG

O

Immnbilized call beads wnrn prapared uning batchan of
SQ mg,1@Q mg, 15¢ mg, QQQ mg, and 259 mg wet weight of tha

cells and that activity was taatad an mentioned under section

I-J

5

2.b"3 Enzyma cmncantratimn
can ulboi an-91-- bio 11 I-1 mp; ncqno1\¢~¢ aw O1-0 aqg wan -gqq g- “ "Q

Optimal enxyme cmncentration for the praparatimn of
beads with maximal activity was married out using different
cnncentratinna of partially purified enzyme obtained from
bacteria (5 ml, 19 ml, ifi m1,2Q ml, 25 ml, IQ ml nfr enzyme

U
5‘:
I

Qnlutinna section E.’ Immabilized enxyme beads were
prepared aa mentioned under section and after

F.’­
I

vU
I

N
\I

activation tented aa'mentinned under aectinn 2.5.&
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2.6.4. Bead aize

Optimal aize QT the immobilized bead that could
attribute maximal activity wan dntermined by praparing beads
of varying sizea (imm * S mm) uming ayringea with different
pure aizea. The immobilized -beads were prnpared under
activity tested an mentinned under section 2.5

2.&.5 Concentration of CaC1
nnlnwnnnlvnpawqm-~--an-v-,..~.n,-cq.a-nuns.-»--—~oov 'L

0100

Cnncentratimn of calcium chloride required for
preparing stable immobilized bead was optimized by preparing

the heads ufiing Cafilz (BDH) at
different molar cnncentrationa

(€>.rZ>.1..€!.IE>i?i,¢l.l*.1,63.1.E’$,€#.§£‘.¢€)..§£!E5.,<3).CS.-*?)..4 é1l'1Cl <£!.F5 M). Bea’:-.\»:ie‘s wra\r"»sa\

prepared and their activity was tented an mantimned under
'mecticw\fE.B

Q.b.b Curing timw
IQ. 0-In-1 0.10 aqua---in nan pant noq .¢n

1Optimal curing time for obtaining stable
immnbilized beada were detarmined by allowing the beada
formed in the Q.2H calcium chloride anlution to remain for
varying periods of curing, namely 1 hr, 2 hr, 3 hr, 4 hr and
5 hrs. The bnada ware treated with starch solution, after

('3
‘I ­

II-'

O
aw‘

i~J

draining the - and the activity 0? the beada waa te$ted
as mentioned under section E.5.&.
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f~J
I’

fr
I

'7' 'l'e2m1:>»:-H" ax i"-urea

Optimal incubation temperature far mamimfll activity

of the immnbilized beada was determined by incubatimna the
heada was determined by incubating the beadw along with
.. ... _ -7'0“ -"O"-1 . . c.-"D - - ... ' . - .... - .' . ­aubwtrate at Q” L, 49 L and qw C and tflmtlflg their &Lt1V1ty A
mantimnmd undmv mwmfiimn 2.5.m.

2.6.8 pH
Ifiii Inq­

Uptimal pH for maximal activity of the immuhilizad
beads waa aatimated by §djuating the pH of the stavch
%ubatrate molutimn £0 pH 4 ~ 11. Activity uf the beada waa
tfiififid as mentinned under sectimn 5

U

f­

I

if.­
1":

2.&.? ztivatimn time

Dptimal fictivation time Paquived for maximal
activity was detmrmined by conducting the immobilized cell
beads wiizh '=-3<‘.:l.u.h].$.2 ~.:ai:<-:».r'c:h <.=.u::1u.ti.cm 1‘c.u* varyirwg timre .int\=.er~~.n"s.1.<..=.;

|-1­

F.’­

fa]
-F1

of 1,6, ' 48 hrs and testing their activity aa mentioned
under aection 2“S.&.

3.6.16 Retentiun time

Optimai Retention time raquived fur maximal
activity was estimated by incubating the immmbilized beada
with s-solublzz satarczh ssQ1.1.1ti.r.'m (131) .::.‘ft.'eer* a.::i:iv<:-.=.l1i.cm., 'f»::n*

varying perioda and tested their activity as-mentimnad under
sectinn 2.5.&.
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2.&.11 Leaching of immmbilified calla from thw beads

Rate wf leafihing of calla from the immobilized call
beada prepared uaing sodium alginate (4%) and sodium alginate
crwrfilinked with glutarakdmhydm wafi individually mmnitored am
mentimned below. 10$ beada of immobilizeu calla were
maintained in 100 ml of 1% Qtarch molutimn for a tmtal perimd
of saw minutea and at regular intervals mf 3% min., §amp1e$
were drawn and tha quantity mf calla laached out wag
Qstimated ax cell protein an per the prucedures mentioned
under fiflflfiiflfl 2.4.1.

2.&.1E Subatrate concentration
ctcnbut-cl pl».-nnbld 10-Q-ungnquiqgqq g..qg—.1i—gu|gn\.g.Qq1j qyj

Uptimal aubstrate concentratimn for maximal yield
of amylaaa by immobilized calls was determined as detailed.

below: Prepared beada of immobilized calla were treated with
different aubmtrate cancentratiomg wf $.12, 9.5%, 1% and 1.6%

of aoluble atarch, Rice starch and wheat starch at 46°C, pH

8.9 fur 66 minutes. Erzyma prnductimn waa asaayed as per the
procedure mentimned undmr Gfittiflfl 2.4.?.

2.&.13 Rate hf aubstrate diffuaion into the Beada
~hnnI\ Iunlv-v awQ qqnlqalp POI 10 IQA 0-100 dfil lib» but pom nflu 01 lo‘ -Io! Ii Oi. but 51001.: all I— Q00 pqnnqpqngg-.-_ @‘- _" 3.. I.-Q Oil‘ Ihtn Iflouablbuc ll‘ nqn

Rate of diffuaimn of smlubla starch intu the
immobilised beads waa eatimated,a§ follmwsc

1. Immubiliaad beads (3 mm) were prepared using jg

F-8
Ii
r,,_}

polgmyxa calla in 4% audium alginate beads, in . ratio afi

M

L‘!

5.4

mentimned under seztimn 3 Thia farmed the fiat A.
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>4
Q

. Rnuther Eat beads (Zmm) ware prepared using sodium
alginate (4%) withuut bacterial calla aa contval beads aa per
the same pvmcedure. Thia farmed the set B.

i»-i
I

Batchea mf 16$ baada (pre weighed) of bath A and B mats
were separately taken in 16 ml test tubes, aw many afi
r*e~2q\.mir~ed .

4. fit regular intervala of 36 minutea, one test tube each
from § and B aets were drawn fur analyfies.

B. Thm starch solution waa drained out completely leaving
behind tha beads u%ing pipetting devicea (Pipatman ~ variable
pipatem)

6. Sampla§ wave analyaed for raaidual volume, and Peaidual
atavch, P@dUCiflQ sugar, twtal iugav as mentioned under
fiactimn 2.4.

7. The headm remaining in the teat tube wave weighed to
find out the incveasa in weight mwing tn diffuaion of liquid
into the bead. '

8. Rate of diffusion of substrate was calculated and
expveaaed in tevma of mg/g of afiarch of bead/hr,

F}

.b.14 Rate of enzyme' synthasia by immmbilized cells
on-a 01-up up-I I-0 an nun 14- 0-an-"'4 9,- -pp.-pp-in QQOII Ikbfii Ii _Q— OJ: Q01 Q4 Ihw Quilts. Q0 Zoo nil IQII 01¢ molly-Ql ~¢.QuQ Och lion Illfi Q-no -at {I {O up-I On-aux Q1 011 —n inn 10000.0-cl

I

filpha amylaae synthafiised by _§, polvmgxa cells
undev immuhiliaed cmnditinn wafi monitored at regular
intervals tn compare the rate mf syntheai$ with free cells.
Immohilised cell beads were prepared aa detailed under
section 2.5 and cmntactad with mtavch amlutimn as fwllawa
(16% mg of cells/IQQ beada) were taken in a 56$ canlcal flask
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and cmntathed with 10$ ml mf 1% starch amlution for a total

aw
F-J

period of Qé hwura, fit regular intervalfi of hrs %&mp1@§
were drawn nut and aaaayed for amylase activity, cell
protein, growth were asaayad aa per the methoda outlined
under $ecti0n5 2.4.?, 2.4.1, respectively. Control
experiments were run u$ing free calla (166 mg of ce11$/10$ ml
of starch amlutinn). Rate wf enzyme mynthesim ia 9MpPE%$Rd aw

enzyme units /gm of beads.

2.?. Production of alpha amylase by Free Veraufi Immwbilized
Cells

filpha amylaae prmductimn by free cells and
immobilized calla waa compared with reference to variuus
].evc-21*.-.1 of pH (3'.,E-J and 5‘); at diff‘:-arent ti:-amperat;t.u"ez~s (2%) ,4l?;*c- '°'~ ...and J6 L) and at different aubstrate COflLEfitPfltiUn% (viz.

B.1,Q.5,1.@ and 1.3%) aw par tha methoda mentioned under

R

fné

1-,3

sectiuna 2.b.B,2.é ?,2.b» . respemtively.

2.8. Duntinuoua prwductimn of alpha amylaae by immmbilized
-lfii IQ II0*'¢-' IQ-oil PI. I‘! ~~-Ill-I I'D ~—l-vol dull Q00 I0-I II 0b— H-Oflhh lull ch O-'1-n -II 00¢ 5'0 I-I In-0 Inn I-I H-I hon n nu» bwlu-a --Q nun cup 0-. 4.-anus rung‘. .-onI0oy¢qn— _-1 pg; app 2! gqq

cells

~ Cuntinumua production of a1pha~amyla§e by
immobilized -§L_Pm1ymgna cells was monitared in a fluid bed
cnlumn reactor.The effect uf flow rate of the aubatrate
solution into the reactor‘ ra%idanc@ time, half 1ife- period
and the cumulative praduction of amylaae and the performance
cf the réactora were defierminedu

2.8.1 F'lu.1'.ci lzmari rea.c.t:-:1r
QYIPI U? I70 QJIIDQ OIIQI ii Q55 $7 ‘pg.-— Q“ Q15.­
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Thm cylindrical glass kolumn mf B0 mm diameter, 15$

mm length wag uawd as the reactor, The bottom of the column,
which was hwmispherical in shape with S mm diameter inlet,
wafi patked with small amnunt of glafis wool and glaaa beads of
4 mm diamatar uptn Q0 mm height. A Qieve plate with 1 mm
perforatiwns were placed over the glasa baada and immobilized
heada were packed up to IQQ mm height. A aieve plate waa
placed over the beads and fixed to the twp of the reactur,

The column waa prfivided with a aide tuba of S mm diameter at

the top section, through which the fiampla broth waa
withdrawn. The reactur was fed from the bwttmm by peristallic
pump (hcclins India Ltd.) and the effluent was removed from
the twp.

2.8.2 Activatimn of the immmbilizad reaactor
flvi HQ HQ PIG -I -IO! 0'0 III 0- II‘ I'D II-~ Ilfl IIIO Ill’ 0!. \Ilvl'"IvI— 4-Gill Owlho-flnl nil! non uI- 4» on. an --1 In u-is -1- mg pup nan

The immobilized hioreactar waa activated ufiing 1%
amluble atarch solution (pH8) far a perimd of 24 hrs before
CZfJtT\fl1€=.El‘\(1Z img, thi-as e+:<pr.=:r i man t .­

E.8.3 Eitimatiuh Q? void vulume
an-I 0-Q0000 vIII ~n-- 0-0 -any us-‘yam -up n-. u~qnn...,-gpgppqqicunupc IIIuIIu-Q cgnounpqn-01"

The voidhge uf the packed bed reactor was
determined by measuring the vmlumm of the liquid actually
cJr:»::u.p iced i r1 the P1-‘$55.11’: tor . The !"iE€l£'.‘ t 1'3 r  pa»: |<:ec1 with

spherical gel beads tn the dafiired lmvel and bed depth wag
hated. PhyaiQ10gica1'aa1ine was filled from the buttnm with
that helfi of the periatallic pump till the liquid level
reached tn the top layer of the gel b&&d$- Tha liquid waa
than Qlowly withdrawn {rum the cmlumn till itfi level reached
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the bmttnm layer of tha bead and the quantity of water thua
cullected was meaamrmd. The procedure waa repeated thrice and
aw:-:~r.:u3ea v-axlue wa-as t,.=a{<:\'-rerm.

2.. E5). 4 Flaw rake

Effect of flow rate uf aubstrate mulutimn an the
continuuua syntheais of alpha amylaae by the immmbilized

calla and the perfmrmance of tha immmhilized reaafimr waa
determined by munituring the rate of alpha amylase production
at (Ilif'1‘c=er"».=:er11: "i"I1.c:w r*a.tes.

2.8.5 Half life periud
-Bl Ii IIII vdo hwo u-oil Ibn QQI qqn 100- up-In at gm. cg. ..— gy­

Half life period of the immobilized fluid bad
reactor waa estimated by cbaerving the rate uf amluble atarch
conversion by the immobilized Cfillfi in the fluid bad reactor
continuwusly far a periud wf 50 daya.

E. ?. Cn~imm0bi1izatimn
0-no paw uno wan —u Qua con-nnunp use-nu 0-so-Irina no pp.-an

Rorimmubilizatimn of Bacteria and Yeast

B. pmlvmyxa and $flC§flgflQmYfiEfi $g£ggl5l3g_ MQPQ

coimmobilized in calcium algihate beads and their Efficiency
to cunvert atar ch to alcmhnl waa detarmined.

B. _ ' ;'~ waa cultured in MESH and harvestefl as mentionedpfllymwua

u.n»r1er the: ese:*c:.+;i.or| 32‘.-75.4. Yeast ias~:J1.¢\te.a~:i 'f'r0m graxpes; in the

laboratory and identified as figgghgromycgg ggreyiaiaa: were
cultured in a growth medium containing n malt extract,

RS‘:
3

1.-3

;~§
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®.$% yeaat wxtract, 6.5% peptune 1% glucose with pH 5.6 in
tap water. Cellfi were harvefitad after centrifugatinn at
1@,Q®Q rpm, waahad with phyaiological aa1i;ne and maintainad
in the aamm.

I?“

a
"J

Both_§. golvmgga and .rggiaiag cell %u§pen§i0nw

were mixed at varinua proportiunfi vq 1:1, 1.5:1. .

j-IA

4 O

} '8‘J
Q8

!'-J
I I
pal

sl

1:1.$. The prepared cultura miu.wa§ later added to the aodium

alginate solution and the bead§ were prepared aa per the
|3r"n¢:e»:h.zre-as m=_11.".1;i.m=2»:1 under ~;=n-sn:t;i.c\r1 ZZf.E5.I$.

The immobilized beads were treatad with 1% amluble

$tarch fiulutiun, af%er activation fur 24 hrs, for total
periud of EQ hrs. Eamplea were collected at regular intervala
Q1" 4 hr'-as a.n»:i ."=\.na1.y-a"se:d far rr.=.~sa\§:cl1.1.a]. <.=s*;.*.u*<.';h., re-2clu.c:i.r'1g sa"»u.g.a.r and

alcohol aa mentiuned under aectiuna 2.4.3, 2.4.5 and 2.4.b
raspectively

2.16. Statiatical Analyfiia
‘Quinn ~01: -n-I qua cud 0-nu IQ nun n-I -an. Q» -poo qua Q‘. ggqggpq Q:-0|-pr QQQ

The variabfllea used fur atatiatimal analyfiis
included incubatinn time, pH, temperature, starch, reducing
sugar, Total wugar, enzyme activity, etc.

2.10.1 Cmrralatiun :u~effeciant analyaia

To teat whether the numerical d@fference% of the

variables studied were aignificant or not, a pearamn
correlation cneffimient ‘r’ was calculatad by applying the
micrmatat& cmmputer prmgrammea (HCL India Ltd.)



2 . 10 . 2 G%rapQ§.c§
fill the grapha drawn in thim studies were made

the computer uming HP6 prugramm.
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3. RESULTS

3.1 Uptimiéation Qf prnceaa parameters

3.1.1 Buppnrt cnncentration :

Dptimal concentration cf mupport material that
attributaa atability and maximal activity tn thefmmubilized
cell haada wan determinefl uaing different cnnuentratimna of
sodium aliginate as suppmrt and estimatinn of amylase
production. Resulta presented in Fig. 1 indicates that
maximal activity of the baadn in terma Uf enzyme
productimn taken place at 3% auppurt cnncentration and an
increase suppart cnnfientration lwads to decraaae in
activity. filthough maximal mnzyma production (fifiu/gm mf

Q

!'~.=

beada) wa§ nutafl at K support cmncantration, the beads
were nut fitahln and recnrdad rapid cell leaching after abmut
b hra and appeared spnngy whereas 3 ~ 4 Z cnncentration uf
suppmrt, though resulted in relatively moderate pruductimn
Qf enzyme (25 ~ 2% u/Q sf beads) attributed stability to the
henna which remain in:fiact with mufi aignificant laaching of

N

calla.
Redufitinn in activity mf beada along with raiwe in

aupport concentratinn from 2 ~ 5 Z of sodium alginate was
recorded at all pH levels K pH7, B, & ?) tented. Hmwever
maximal enzyme production waa observed at pH? (25.3 ~ 36.8
mfg of henna? followed by pH8 (17.9 ~ 27.& u/9 of beads )
and pH? (11.3 M 2®.3 u/Q QT Deana).
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Of tna thvae atarch nuhntvates, viz. amiable
mtanch, Pica mtnvch and wnmmt utarch. Rica mtavch cnuld
promote mare activity in the immnbilized beadw at all
cnncentratinns of EUDDOPC teated when compared to the nthev

two subatwaten (Tah1e.1). Especially at pH 8 & ? the enzyme

1-,;

productinn waa aignificant at . ~ 4% sodium aliginata
cmncentratinna. Invaviably at pH? nice starch pnnmoted
similar levels of aztivity in beads at all concentratinns of
auppnnt tented. Wheat St&PCh cnuld pvnmnte significant level

of activity only at pH 9, at 2 w 3 Z sodium aiginate
cnncenratinn. anluble ntarch did not influnnce the level nf
activity in tna beads with Pefewence to change in suppnrt
concentration.

I

M

3.1 Cell concentration.

Initial lmvel.nf cell cnncantvatinn required tn
pvepare atable beadn with aignificant activity was optimized
using varinua levala Qf cell cnncantrainn ranging frnm 56

F3
U’!

.3.

mg ~ mg of the calla (wet weight ). Impact of cell
concentvatinnn on the activity of the beads waa estimated by
analysing Z of starzh convevnion, produution of enzyme and
reducing sugar using soluble atarch as Qunstrate. Raaultfi
nbtained in this experiment +Fig Ea E b) auggast that
initial cell cnncentratinn well above IQQ mg/1&0 gm of beada

is lead to a rapid decline in the pevqentage of starch
concentration, enayme productinn and reducing mugav
production in a lineav faahinn along with Paine in cell
cnncentvatinns. Maximal starch cnnverainn an pvuductinn of
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enzymea and reducing augar were obaerved nnly after 16¢ mg

M

nf heads / hr. Data presented in Table suggest that the
reaidmnce time requirmd for mahimal activity on atarch and
enzyme prnductimn varied for differnt initial cell
concentration in the bead. Thus both 166 mg & 266 mg of cell
ccm <: en 1'; r  t: i on r ear: nrci rad m-six i ma. .1 i5.C. is i. v i t; y a. t 1+ 1'1 r-as 01"

reaidwnce time while higher concentration of initial celll
levelm viz. 159 mg, 25¢ mg, could anew higher activity at 1
hour reaidencm time. In all the canes it was noted that long
hnura of residence time (é hra) raduce the activity of the
b%ad$

3.1.3 Enzyme concentration

Optimal level of initial concentration of amylaaa
required to prepare an lmmnbilized enzyme that is ntable
and active in converting starch rapidly wan determined by
pr@paring‘the immnbilized beads with varinus cnncentratiuna

of amylase isolated frnm Q. Eplgmyga and estimating the
percentage of starch conversion and reducing sugar. Resulta

z-yr

L1

3

U
-‘h

prasented in Fig Ea & b clearly indicate that
initial level of enzyme would attribute mafiimal activity to
the beads (??.2BX) While concentrations above and lana
rmaulted in a decline in the activity as well as reducing
sugar formation“ In general enzyme cnncentratinn varying
from 26 — 36 ml contributed 63 K of atarch conversion

when ,&he activity uf the immobilized enzyme wan
mnnitored regularly at intervals of IQ minutes uptn a period
mf 60 minutas nf residence time it wag mbserved that Z of



45

starch cnnverninn and level of reducing sugar increase
prngreamivaly almng with the incraase in raaidence tima as
well an enzyme cmncentration in the bead {Table 3?.

k".
*2

Interestingly at 25 ml and T ml concentration mf enzyme,
the activity profile of thm bead remained conntant
irrafipectiva of the duration of reaidance time (?¢.3Z &
G&.l% of ztarch converaion at ' ml and 30 ml of enzyme

>~>

u=

concentration reapectively). A similar picture wan alno

F3
L!’

noted for reducing augar at " ml and 3% ml of enzyme
concentration. It was observed that low levela uf initial
enzyme concentratiun required longer residence time tn score
maximal wtarch cmnvarnion compared to higher levels of
initial enzyme cnntentratiun which required nhortnr

5

reaidance time tn dn the same.

3.1.4 Bead size
1&1:-n-n -nmvanvul-nan-n-.4; Q.‘ .g~.

Right size of the immobilized bead that cnmld
prcmnte maximal stability and activity was determined by
prepa ring the immnbilized call heads wf varying diameters
(viz. 1, 2, 3, 4 & 5 mm.) and estimating the production of
amylaae an reducing sugar and percentage of atarch
conversinn. Results presented in Fig. 4 indicate that at
lower size range 1mm ~ 4mm bead aize do not influence the
performance of the immobilized cells an aimilar levels of X
starch cnnversiona (75 — 81.8 R). The prnductinn of amylaae

(44.1 ~ 48.1) and reducing sugar (6.284? ~ 6.3687) were
recorded. Wherean when tha bead nize wan 5mm thera waa a

marginal decline in the activity Qf the beads.
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3.1.5 Cnncentration of Cafil

wlfl h-Q 40- In-I Illlb -hi “bi Q-I can -vol Q-n -v-I an-up ovoo nu. u—u -¢n-pg: pqnn-Q, I‘?In

Optimal cnncentratimn mf Gafil required to prepare
2 atable immubilizad cell beada uaing sudium aliginate
support wan determined by preparing the beada uaing.
different concentration 0? Cafil and eatimating the activityof the beada. The raaulta are
presented in Fig. 5. Maximal activity of beads, in tarms of
percentage nf fit&PCh conversion and production af amylaae

and reducing sugar occured whan QACIZ
concentratimn ware 0.61M ~ 9.65M. Hnwever at cnncentratimn

G

'f,}

mf .1 ~ . M the activity profile of the baada almost

\"I
~.:
I

U1
~13

remained stable recmrding 1b.&? ~ 1b.&0 u/gm QT beads, I

~37.S1 of atarch converaion and 6.4867 M 6.4847 mg 0?
reducing sugar /Q of bead. Further ring in cmncentratimn of

C5612 lead to a decline in the activity prnfile. Moreover
the Deana prepared at cnncentratinna nf 9.@1M * @.10M

appeared awollen and apungfy while CaC1lconcentration above

Q.iM yielded hardened beads.‘ Frmm this experiment it wan
infered that QUE“ Cafilz could be tha optimal Cafiiz
cmncentratimn to achieve ntable heads with significant
activity.

3.1.6 Curing time in Cafil
...- ..... ......... ...........- ._...... .....-.. ......- .... ..... ..... ........ "11

Optzirnal timez rcsequired 'f¢::r the curing of the
prepared immobilized cell beads with maximal activity and
stability wan determined by maintaining the beads farmed
immediately aftar the addition of smdium alginate in CaC1

P \
D’.

aolutiun fur varying parioda and eatimating the activity of
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the heada in termfi of enzyme productiun and parcentage of
atarch converaimh and reducing augar production. From the

M

reaulta preawntad in Fig.5 it is evident that a minimum of
hrs of curing time ia required to have aignificant levels of
c-.'-ah 1.)-1m: pr1ru:1u.c*.1:1.¢:1|"1, eu'l:m"c:h <::1:u1wser'<n1¢'.1r\ :ao.r"u:1 |.'>r<:sd1.u.': 1: i. cm cu 1‘

reducing sugar. Ihcubatiwn aver 2 hrs till b hrs, tested
during the atmdiem, although mhowed enhanaement in the
values 0? the parametera tested they were relativély not so
high.

when heated for the impaat of curing time Ln
Cafil an the raaidence time required for maximal activity of

§u

o~w

the bead, it wag mhaarvad that iPPQ$flECtiVG of the period of
curing in CaC1 the immnbtlized heada showed similar levels

w| - "- - u \ 0mf act1v1ty durxng the resldehce txme of 1 ~ 6 hrfi.
Differenhe ammng the beada.prepared at different curing time
could be hmticed only at a Pfifiidfifififl time of 6 hrs. where,
maximal activity in terma of higher enzyme yield (35.68 ~
55.8 unitafgm of beada), fifiarch converainn (58.5 — 95.@) and
reducing augar {@~5172 ~ 1.257 mg/gm of bead) were recorded

'f'».'.1r' the beazisa pr"'separe*:1 :é~.'ft;e+r curing crf .2 tn $5 hr~':s in (.';a.{31 ..
PWA

Nheraaa 1 hr. of curing showed comparatively lower leve1§ of
activity (Table — 4).

I
J1
I
r,__;

- . Characteriaatimn Qf the immobilized bacteria

3.2.1 Effect of temperature on the activity hf the
immobilized cells

Effect of incubation temperature on the
activity and perfurmahca of the immobilized call baada wag
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tented by incubating tha immobilized beada at varioua
tamperaturea, and entimating the 2 of starch cunveraion,
prmduction of amylaae and reducing sugar. From the results
prefiehted in Tmhlm ~ 5, it im mvidmnt that the temted
temperatures did not influence the parformance of the beada
mirncza £El1..4l-‘)2 -- E3E).4';£ caf ssstarczh <::¢.'u'we.=ricm., 41.4 -- 455.6 u/gm cnf

beadfi of amylaae and 1.1%? ~ 1.268 mg/gm of beads reducing- » .,o , I
':'==|l.tQ£-it‘ were reac;r.1rded. f.I#::mpa.r‘ati'¢el.y at 445* [J the |::erf'c:rma.n€:e- --0 '1. - -0 \of the beada were maximum than at hm L. Although at iw L

6

the activity waa leaaer than at 43 C, it was significant.

3.‘!
I

r,_}
I

L‘;

- - Effect of pH on the activity of immobilized Cellt

Effect hf pH an the acticity cf immobilized
cells of Q. gplgmyga was determined by auhjecting them tn
various pH and eatimating their _activity in terma of
prmductimn of amylaae and reducing sugar and percentage of
atarch conversion» Rezulta ubtained in this study (Fig ? a &
bl indicatad that maximal pacentaga of starch conversion
(59.75) and pruductiwn of amylase (45.8 u/gm of bead) and

I. ’‘A
?~J

f1
“la
Q

reducing Qugar (Q. mg/Q of bead) wan promoted in the
beada at QHB» However bath at pH? and QH9 the immobilized

beada recorded significant levelm wf activity. In general,
at acid pH levels (pH4 and 5) and at alkaline pH (ll) there
wa.-5 mifwimal &u'.'.'ti\.~'it'y' in the beads; <:1:|fl\pa.red i‘.'¢.3't'hat: at |:H-lb

and pH1®.
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$.2.3 Activation Time

Impact of ascrtix-'ati.nn time can tl'u.=e p»s2rfc:rn\a.nce

of the immobilized cells with reference to their efficiency
in este1r»;:h -;:crrw»arsai1:m,a-mrwd prz:>du.z:t:tcm nf rem.u':.ing ssugar anal

amylase was determined by activating the immobilized call
headn with starch snlutinn fur varying perindn. Frmm
data presanted
beads enhanced

24 hre whare

in Fig.8 it is clear that performance of

maximal production of amylaae (37

t h es

the

along w}th the riae in afitivatinn period till

M

1.1/9 of

bead) and tc)t;a:.1. 1e;¢.1»;;eau**:=' ($2.413?) mg/gm nf taszaci) I.-4l"neere r"e.-<::c1rde.~d.
0

Although percentage of starch converéion continued to rise
even after E4 hrs, amylaae prcductiun and bath total augar
and reducing sugar levala declined after

?~J
-5->

hr"=s..
14

3 3.4 Renidence time

Optimal raaidanca time requird fur the
subatrate solution to pass through the packed column reactnr
containing immnbilized cell beads for obtaining maximal
starch conversion and amylaae prmduction wan determined by
allnwing the aubstrate anlutimn ta reside in the cmlumn for
various timinga. Mean

prefianted in the
aignificant levels of
maximal enzyme (4Q.?5

values obtained for 5 &Xperiments are
Table .5. Reaulta indicated that
starch conversion (b$.45%) along with
u/Q of beads) cnnld be obtained at 60

minuteh of residence time though maximal percentage of
mtarch cmnversimn (73.B4) wan racnrdem at 399 minutea of



50

Peeidence time. Enzyme production did ehow a deereeee along

with increeee in residence time. Relatively &@~l2$ minutes
of Peeidenee time proeed to he ideal fer obtaining maximal
enzyme prnductiun along with eignificant pevcentage of
eterch convereion.

(*4

' 2.5 Effect of buffeve en leaching

Effect of bmffevs on leeehing out of celle
from the immobilized heade wee tested using varieue buffere,

which included acetate buffer (pH 5.&),citPate buffev
(pHé-.2), citrate phi":-spha.te buffer‘ (pH 7)., phosphate tmf'fer*

(pH 7 and B) and glycine buffers (pH 9 and 16). Leeched out
celle were estimated in tevme Of cell pvetein and the K of
leaching wee calculated. Frmm the Peeulte pveeented in the
Table 7 it is evident that phmephate buffer pH B ie the only
buffer among the huffeve tested that could leach out all the
cells within Q0 minutee. All the other buffers could record

only meagre levele of cell leaching which varied from 10.5 ~
48.3% even after 12$ minutee. Relatively buffers with pH
in the Pange of 5.6 ~ 7.6 eficepting phosphate buffer pH?
retarded reduced levele of leaching than glycine buffers
with alkaline pH. This enpehiment euggeeted that phnephete
buffer QHB could be need for disintegration of the beads to
r*ec0ve:~ the czell-2:4.

ll-I

2.b Effect of initial cell cmncentretinn on leaching

Effeet of initial cell concentration nn the
leaching of the cells from the immebilieed heads were
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studied using three different initial mnncentrationa of 5%,
IQQ and 156 mg/1Q@ gm of beads aver a cantact period of b
hnura. Refimlts prmnmnted in the table 8 indicate that in
general leaching sf calla from the béada at all levels of
initial cuncentrationa of celln variad frum ®.4 ~ @.?b% for

the varioua concentrationfi teated. Among the threa
concentrations tented, SQ mg concentrations mf calla
recorded higher percentage of leaching when compared to
ether concentratinna. Hawever the diffarenca in the levalfi
uf leaching nbaerved for the three CUflC@HtP&tiDfl§ were
insignificant.

£4

l’~J

7 Effect of crass linking of cells on leaching

Effect of cross linking of cells with
glutaraldehyde an the leaching of cells was mnnitmred during
a contact period of 6 hours at an initial cell concentratimn
of 13$ mg/196 gm of beada. Reaults presented in Table 9
suggest that leaching of cells &re arreated in crosa linked
alignate beada after bfi minutes.

i-1!

F3

8 Effect nf subatrate cuncentratiun on Amylase
Promuctiun by immobilized calls

Effect of auhstrata cnnaentratimn on immnbilization

waa studied by uaing varinu$ cuncentratimna of (9.1% ~ 1.5%)

soluble starch,rice ntarch and wnmat §tarch.It in evident
Tram the Fig.s_ that lower parcentage of substrate
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cnncentvatinna promote maximum prnduction of amylase than
highev concentratinnn which lead to reduced production of
amylaae .Thus @.1X of starch effected amylase pvnductinn lfl
the vange of 47“51 u/gm of beads and funther incweane in the
concentrations nf the nubstvate cnntvihnted a decreasa in
the level of enzyme pw0ductinn,irreapective of the type of
starch subatrate used. fimnng the three starnhes uaed wheat
starch (51 u/gm) follnwed by rice starch (49 u/gm) and
soluble ntarch (41 u/gm? prumnted enhanced yield of amylaae.

ll-i
I

2.9 Rate of enzyme aynthesia by immobilized cell heada.

Synthesis of amylase by the immobilized beads
during the cnuvae of incubation with stavch suhntvatan was
monitored for a tntal penind of 9b hrs. Growth of calla
innide the henna were alan estimated at reguiav intenvaln
along with enzyme production to find out the ralation
between the two .Ra§ult§ pvenented in Fig.1Qéfigvidanca that
Pate of enzyme synthesia in rapid during the early hours of
incubation till Eb hPs.Nhen maximal enzyme (52.1 u/Q of
beads) along with maximal 9vowth<2.4E3 gm/mi nf protein) waa

returned” Later both enzyme syntheain and growth
declined pvngreasively. In general the Pate of amylase

U?\

syr1tl'1c-nsies was f.'HI)'I-3F!f‘\"fi'.*(fi G305: muxth ass 2.111/gm crf' |'IH-E!é1\’.1'.=.F\ during

the period of active ayntheais tupto 36 hrs.).whi1e it wan

1»;
F’!

U

5

only 7 u/gm of bead in the next 36 hrfi (3b~72 hrai.
Further Pesulta presented in Fig. 12b indicate that

despite a slaw Pate nf growth and enzymes syntheaia, in
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immobilized ce11§ campared to free calla, during the fivst

F}
-b

hrs, tha Pate of enzyme ayntheais and growth improved
significantly during the later parimds QT atudy.

M

'.2.1® R&he mf mubfitvate diffufiion intfi the beada

Rate mf diffuaion Qf mtarch into the immmhilized

beada was munitoved by estimating the residual starch,
Peduaing sugar and total sugar in the aulution outside the
baada and inside the bead at various time intervals. Reaults
pvaaented in Fig.1L- indicate that the
reaidual §tarch inside the be As wera law and the levela of
raduaing augar and total sugav ware high indicating
convevsion of diffuaed starch. Data praaented in Tableqo,

showa that the initial level of fitaruh draatically got
veduaed in the substrate aulutiun nutaide the beads and
total sugar level accumulated at mndevata levels. wheveaa
redusing sugar lavals remainad almoat unchanged. This
suggest that starch rapidly diffused intn the baads and
suggested to amylaae action by the immubilimed calla.

3.3. Comparative studiea mf alpha" amylase by free calla
Va immubilized calla of B. pulymyxa.

I

Qynthesia mf alpha— amylase by free calla Va
immobilised ‘calla Qf B.‘fl ' * utilizing different starchp_1ymyXa

subatratea at varimua envirunmentai canditions were
compared. Reaulta obtained for the different expewimenta
ava depicted in Table ll.
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An overall asaessment of the data obtained for
the variuua atudiea cunducted dehotaa that immmbilized
Céllfi myhthasiza a1pha~amy1ase at camparahle watea with
free calla and praduce reducing sugara at a higher level
than free calls.

Ammng the four different atarch suhstratea uaed
wheat starch followed by potato atarch,s01ub1e atarch and
rice atarch favouved maximal syntheaia of alphamamylaae
and reducing sugar byiboth immobilized and fvee cells with
marginal~vaPiati0na.

5tudie$h on the effect of temperature on
immobilized and free -calla showed that at all the
tempevaturea tested immobilized cells were capable of
ayhthesizihg enhanced level of alpha amylase than free. . .0.‘ .cells. Maxxmal §ymnthas1§ was recnrdad at 40 L 1n all the
casas.

Maximal amylase ayntheaia waa Pecmvded by both
free and immobilized calla at pHB.FPee calla recovded
amylase at A higher level than immuhilized calls using
wheat atavch unlika other stavchea.B1mi1aPly immubilized
calls pvwducad higher Laval of alpha"amyla%e using rice
starch than TPG9 calla.

Ammng the four cmncentratiun of the aubstvataa
tested while free calla ayntheaized amylaae at highar
levela at auhatrata cuncentvatimnfi of @.1,1 and 1.5%
immobilized cells could do the same only at 6.5%
irraapective hf tha starch fiubatvates provided.
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Reducing augar produced by the immobilized and free

calla Q? Bgglllgg Qglgmggg waa atudied and the experimental
data are presented in the table 11.Immohi1zed calla showad
more reducing sugar production than the free cells at all
incuhatiun temperatures tested (fig. l4).Hmnng the three
'l:empeer"&\tur'-r=~1a. tem|’<.'1:-srzi (L$¢?$ol3,»4¢J° t.‘.,E3l'<>° Cl) Milo C2 |:1rc:mote4.d inure

pruduction than the othera. The highest level of reducing
mugar was unnerved with wheat starch (1.443 mg/gm of bead )

fnlluwefl by rice atarch (1.389 mg/ Q of head ), pntato
$tarch (1.33b6 mg/Q of beads) and soluble starch (l.33b5
mg/g of head).

pH did not influence the reducing sugar production
since tha difference in the levela of reducing augar
between frae and immuhilized calla wan meagre. Notable
decline of reducing augar wag observed in soluble starch at

I

Q
=4
I-"'

M

alkaline pH? (Q —0.9E®7 3 in bath the casas. wheat
atarch racorded higher yield of reducing sugar followed by
rice atarch, potato starch and anluble atarch.

Free cell ahnwed mare produation of reducing
mugar than immobilized cellfi at all the suhatrate
cnnmentration tested .Lmwest concentration (6.5 ~ 6.1% ) of

$tarche§_ahnwed higher prnductiwn of reducing sugar.Mher&aa

higher concantratiun obfierved an inversa relation with the
reducing sugar . Nature of starch substrate did not effect
any significant role in reducing augar production.

3.4. Continuoua ayntheaia uf alhharamylaae by immubilized
Eacillum polymyxa
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The rate of amylaae synthesia, percentage of §t&PCh
conversion and levela of reducing augar remained wtabla
without much fluctuations during the period of study (Table
12). Maximal enzymm ayntheaifi (46.4 ~ 41.2 u/Q of baadi
along with 9b.b7 ~ 98.1% starch conver$inn and 2.749 ~
1FI.t3€.!?I'1!-.\ mg/=23 of b»:~z»:a~:! rr:=~du.~::ing -szzgar" prom}.-zzticm szuubzi be

M
-¢'‘Q

recmrded at tha flaw rate mf ."'m1/hr. Wherea§ at 30 ml/hr
\\

flow rate percentage of starch cunversimn (71.7 ~ ?7.32>,

A
[$­
I
r~3

enzyme syntheaia (3Q.@ r % . ufml) and raducing sugar

0%

Q}
C

t~r
I.-1'"\
JU

. Q14 ~ 2 " ; mg/ml) draabically declined. At flow rateB
of 45 ml/hr, the percentage of starch convarsinn, rate of
enayme aynthwsifi and raducing sugar prmductiun got almost
raduced tn half of the values wbtained for 26 ml flow ratea.

Data preaented in Fig.13 demonstrate the impact af
variuua flow rates an the cumulativa synthefiix of alpha~
amylase by the immobilized calla. Maximal amylase (264.5)
could be produced uwing minimal starch subfitrates (IQQ ml)

r,3
‘P{

in 5 hra. at a flow rate of .1 mlfhr. Quantitatively
amylaaa productimn declined prmgraaaively almng with
increaae in the flow rate and total quantity sf subfitrate
amlutiun uamd within tha total period of 5 hra. of analyfiiw.
Thua 157.3 u/Q, 1@8.8B u/Q, ?4.é u/Q, S?.5@ ufg and 49.7
units of amylawe/Q mf bead waa mbtained using 150, 225, 30$,
bflfi and 75$ ml of atarch solutimn in 6 hrfi at 36 mlfhr, 45
ml/hr, 60 ml/hr, 13¢ ml/hr and 15$ mlfhr flow rate
raapectively.
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Rate hf amylase syntheaim during : cmntihuuma
operation sf the immobilized reactora with refarence to time
and quantity of wmurca aulutiun is presented in Table fi.B.
Maximal rata of amylase synthesis was racurded as Q.bB17
u/min. at Q9 ml/hr flow rate Tollmwed by 30 ml/hr ($.5243)
and 45 ml/hr (fi.$&2) flaw rates. Rate of amylaae aynthaaia
per ml varimd from a maximum of 2.$45 u/ml at 26 ml/hr flow

rate, to 6.483? u/ml at 45 ml/hr. At higher flow rates the
rate of amylase syntheaia wag vary leafi. From the data
pre$entad in the Table 14 it is infared that the relative
Qyntheaim of amylaae at variuua flaw ratem was highly marked
auch that increaae in the flow rates has led to many fnld
syntheaia mi alpha amylaae. Thua the ratio of amylase
rzs-,'ntI'1ze~e;i-3 with r»-_=:fl=sren»::e tin unit-s\m1 bets-seeen the ‘flow rate-as

inqreaaad along with the increase in the flow ratea. The

1», 3
1°'-1'

ratin between . ml/hr and 156 ml/hr waa 1:31.5 while the
ratiu between 3% ml/hr and 15$ ml/hr was 1:lb.l&. Eimilarly
the ratin between 45 ml and 15$ ml was 1:7.4&. The ratio
betwaan 26 mlfhr and 12$ ml/hr was recorded as 1:20-Q2
tsetweerw ISLE! and 11245! 1: 1IZi..5¢':,..

I

Q Tha ratio of amylafia synthesia with reference to
units/' by the immwbilized cells alsm exhibited a similar
trend mf increase in the ratio uf production along with the
increase in the flaw rate (Tabla 14 bl.
Thua the ratiu between 20 ml/hr and 13¢ ml/hr was 1:402 20

I--‘*

Ii

ml/hri and 126 ml/hr waa 3.M5"
T56 ml/hr and 1551-‘J ml/hr wasa 1:3-2 and 45ml/hr and 1150

ml/hr was 1:2.24.



Half life period
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Half life period of the immobilized heads was
\

computed based on the performance of heads in a fluid bed
veactuv packed with immubilizefl calla mver a period of
days. From the data presented in Fig. Iflw it could
deduced that the half lifa of thfl immobilized CHl1% im
daya. Although A sharp decline in the activity
the {mas-s.>':£-an during the zinitial 14?! day-2,, in the latezr per*i.c;1d

was shown

$9

be

25

by

of

atudy the performance of the zella declined in a regular
fashion.

$.B Cn*Imm0bi1ixati0n.
-\~\~Iu In-I "I0 I-v Q-1 -\- wan pan --0 nu It-Q -as .9-4 ~~- -cl >1‘...­

§l Pmlymyxa and $.Qgrgyiaig§ wave cmimmobilized in

Ca1cium~fi1ginate at varioua pPGpOP€iQflE aimultanioualy and

their efficienciea to produce alcohul from starch waa
studied. Results prfiaented in Fig.15 clearly indicataa that
alcmhol is produced directly from Qtawch if both Bacillus
polymyxa and 3. Cmvevisiae coimmuhilized and subjpcted tn
atarch tveatament. In general the yield of alcuhul variedI" Pfil ‘_ I .- n.from 1£.¢A ;o 14.85 per gram mf atarth Ubfid a
and varied frnm 4.88% tn S.¢22 par 10$ gm of
Ammng the prmportimns studied the Patio of 1:2 é1$'\

heade; 1x5

‘:3 1:10:-:5

bacteria versufi yeast showed a higher yield of alco
compared ta mther combinations. Wham the
conzentratians wave higher (2:1 and lnfizl) in
compared tn yeast call cmncentratiuns, alcohol
dealined. when they were at %imi1&P content

hacter

3 a subgtrate
ad.

of

hul

ial

the beada
yield

t‘ a. t i tm-5

waa

the

alcohol yield wan very muck -ignificant for the praportiuna.
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Statistical finalyais

Pmarsmn correlation cmefficient analyaia wan
carried out to find out whether there exiat any punitive or
negative cmrrelation between the variables atudied. Reau‘t§
preaentmd in Table lb clearly indicatas that there wan a
significant pnfiitive correlation between percent atarch
cnnveraion and enzyme production, reducing %ugar, total

£0

augar, activatinn time residence time; between enzyme
prafluttinn and reducing sugar,tota1 suQar,activatinn time &
refiidence time; and between total augar and autivatinn
time.Dn the other hand a significant negative cnrrelatian
exiated betwean percent mf atarch converaiwn and bead aize,
concentratinn 0? andium alginate, cmncentration of CAQ1 and

'2

alcmhulg enzyme and concentratimn of andium alginate , bead
size & moncentratimn of Cafil ; reducing sugar and
concentratimn nf Cafil

*1
.\'.. I



Optimization of support concentration for the
iiiji:-Qiiqpq.-ppigpigqg-oiI

preparation of immobilized beads
N

Table — 1

iiiiijiiiilfiififiii iiiiilii

Concentration pH E P unite E P units in Wheatof aliginate in soluble Rice starch starch(%) starch (SS) (RS) (W8)2* 7
B

9

25.3

28.2

30.9

26I6 9I®
34.5 26.1
40.8 39.63* 7

B

9

23.0

25.3

28.0

22.0 5.8

34.4 19.4
35.0 37.04* 7

B

9

16. 8

24.9

25.3

17' 4 6.®

27.9 8.8
35.7 2005* 7

8

9

15.6

22.®

24.0

12.6 5.8
26.0

32.5

5.8

19.4

i Mean of 5 values.

E.P Enzyme Production.
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'TableI- 2jinn;-iii

Optimization of cell concentration for the preparation11-1 II\IIr\nh0_1-anon-—.1111¢-;..~iq_11¢-.q',.||_-.._

of immobilized beads~—“_‘*“:2 iiiliillj
Cell concentration Retention S of starch Enzyme production Reduced
(mg/1003 of beads) time in conversion in units/gm of sugar mg/gmhrs l beads of beads

50 1 70.02 74.3
3 73.6
4 78.95 69.66 66.0

41.1 1.984
43.7 1.867
43.2 1.867
46.4 1.984
40.9 1.758
38.8 1.698

100 1 83.5
2 78.23 76.04 87.35 65.7
8 73.2

49.0 2.094
44.8 1.924
44.2 1.924
51.3 2.207
38.6 1.641
43.0 1.839

150 1 79.4
2 76.8
3 69.74 67.25 73.86 60.4

46.7 2.179
45.1 2.009
41.0 1.758
39.5 1.698
43.4 1.867
35.5 1.528

200 1 75.3
2 75.3
3 69.8

44.2 1.924
44.2 1.924
41.1 1.754



85.2 38.3
58.8 34.5
55.8 32.2

63
1.898

1.584

1.471

258

71.4 42.0
78.1 41.2
83.2 37.1
80.8 35.7
54.2 31.8
49.8 29.2

1.839

1.754

1.558

1.471

1.301

1.189



Table 3 64

Q Optimization of enzyme concentration for the prepation of

Enzyme concentration Retention time % of starch Reducing sugar(ml) (in minutes) conversion (mg/gm of beads)

iiifitiilfiiijimmobilized beads

5

N?

15

\

20

10

20

30

40

50

60

10

20

30

40

50

60

10

20

30

40

50

60

10

20

30

40

50

60

I

60.0

61.6

62.7

62.7

64.4

65.5

68.8

70.3

79.1

79.5

70.3

61.1

72.5

71.8

72.8

75.6

74.4

75.0

83.4

82.8

65.0

85.6

86.3

85.6

0.4150

0.4260

0.4836

0.4336

0.4454

0.4530

0.4758

0.4862

0.4779

0.4807

0.4862

0.4919

0.5014

0.4966

0.5035

0.5229

0.5146

0.5187

0.5768

0.5727

0.5879

0.5920

0.5969

0.5920



99.3

99.3

99.8

99.3

99.2

99.2

86.1

66.1

66.1

66.1

86.1

86.1

65

0.6866

0.6668

0.6666

0.6668

0.6664

0.6664

0.5955

0.5955

0.5955

0.5955

0.5955

0.5955



Table 4
1l#i1I—

Optimization of curing time for the preparation
<f immobilized beads

i Q

i i i i "' "

L Z i 1 i

66

Cur1ng time Residence Enzyme activity K of starch Reducing sugar
(1n hrs) time in in units/3¢L converted productionhrs mg/gm of beads

1 hr

12 \
3

4

5

6

1

31.4

34.4

34.2

36.4

39.0

35.0

53.5

53.5

53.2

61.9

66.3

53.5

0.472

0.51?

8.517

8.818

0.878
0.517

2 hr

1

2

3

4

5

6

32.9

33.9

36.1

35.2

33.3

55.2

53.0

57.0

64.3

59.9

64.4

94.0

0.494

0.509

0.573

0.792

0.352

1.254

3 hr

1

2

3

4

27.0

34.5

36.6

37.1

46.0

53.7

62.3

63.2

0.409

0.520

0.550

0.337

1

24 hr 8
4

5

6

32.5

32.2

39.6

36.0

37.7

55.6

55.4

54.9

67.4

61.3

34.2

95.0

0.4912

0.4674

0.5954

0.3112

0.3464

1.2570
_i.___.i‘ _' ;__-_':—_~f —".~—-Z" -—-u-wax-in



5 hr

111.7

38.9

4i 4
68.2

3785

55.4

54.3

57.7

72.2

81.7

83.9

94.2

0.4800

0.5088

0.6400

0.8186

0.8447

1.2420
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Table 5

Effect of temperature on the activity of immobilized cellsiiiuiiiiliiii3Iiiiii—iiliij“-iiiijjfljjiiiijjijiijjjiliiji
1

Temp. % of starch Enzyme production Reduced sugar mg/gm0 conversion u/g of beads of beads
C ————— »- —-  _ W1»--—---; _ ( —~~  - --—_*—-~_ ( ——-i--—( _ _ ( ——  -- - — _i;'llI I30 87.6 44.6 1.19540 i88.4 45.6 1.20850 81.4 41.4 1.109



Effect of residence time on the activity of immobilized cellsj_i iiilli-iliiiilli

Table 6iijjjij
\

jjjjijijjjiijiiiiijjiiij
Residence time Percentage of Enzyme pr0duction(u/g of(m1n.) starch conversion beads)

B0

120

180

240

300

360

59.45

69.73

70.69

72.55

73.84

60.88

40.75

39.65

38.58

37.32

35.85

85.00



1”.5 1s

‘Table: - 7

Effect of buffers on leachingiiiiiij-imijii

70

g 30
1

1 45
1

11 60
,1

1 90
1 120
I

11 .1

1 9.? 1 10.4 1

1 iQ 1 Q 1
= 5.4 1» 5.7

H 1 1
1 10.2 1 11.1 w1 1I 10.5 1 13.a ;1 1 1I I 1

1 1 '
1 +’,Hs.e $115.2  i PH 7.12:A 9 1 9 ? 2.1

4.4

12.4

20.8

32.7

48.3

1T1me % Acetate 1 Citratey Phosphate1(min.) 1 buffer “ buffer 1 buffer1 ' - 1
1

1

1

1

1 1; 1.2 1 30.51 11 6.8 1 84.8
; 11.4 1 so

113.8 3 1001 1f 14.4 1 10011 1.’1 1

0 1 5 111 1I 1­I

I1

1

|!
,|

.

.

.

1

1

1
1 .

0

9C3

19.4

20

20.2

20.6

1

>

1

v**"""==-~f>=-~*1*":==i=*“"é-*"1=*7"Wm" ”“""-"""T""‘-""1W"“*fl*“‘“‘;*::*—-f—*m*:—“*fi**T*“"*_‘

1,917.0 *,»1s.@ bPu9.o 1fl¢0.o*_* _ _ ~ — _——| — Z‘ —-——-—-—~ ‘ -~——— ————~—~—
Q

2.4

8.6

17 1
20.5

21.6

1 Citrate 1Phosphate“Glyo1no'Glyoino1
1 phophatejbuffer 1 NaDH 1 Na0H 11 buffer 1 1 1 1

1

1

I

1

i

1

1

1



(hours)

'Tablei —

1--ivfiuvfifiiiiiiiji- --1”“,Effect of initial cell concentration on leaching

Time 60mg .  mom;   ee“*e.‘.. mg
I

2

3

4

5

6

0.45

0.53

0.62

0.66

0.72

0.96

0.41

@.4e

0.53

0.64

0.66

0.70

0.40

0.49

0.61

0.54

0.68

0.64

* X of leaching were expressed in mg of protein /gm of beads



Effect of cross linking on leaching of cells from the immobilized beads

Table *iiijii-1

Ziiiiiii ?i_ii@.Q@

Time in Entrapped 8 cross |1fik§d8W W78minutes;‘ aliginake aliginate
. -7 ___ .‘ __ __ __ ____ __ _ _ _ ___ V ______ __ __ _ ___i___ __ ____ _0 0 0
30

80

90

120

180

240

300

380

0.28

0.41

0.44

0.50

0.58

0.89

0.72

0.78

0.26

0.28

NIL

NIL

Nlb

NIL

NIL

NIL

* Leaching expressed in % of cell protein / gm of bead



Table 10 (a)
73

Rate of Starch Diffusion into the immobilized beads
_1_4 _ _ _ _ _ _-~ 0-\—lIIh1|qID¢ullIIQ—14->1

Hours
Rate of Starch diffusion rate

Cells + Alginate 1 Alginatemg/gm of beads ; mg/gm of beads

0

1

2

8

4

5

6

7

0

0.1212

0.1537

0.1241

0.1202

0.1212

0.1472

0.1327

0

0.1894

0.1920

0.1697

0.1523

0.1598

0.1453

0.1453

Table 10 (b)
Sugar Conversion

Inside the bead Outside the bead

; Reducing sugar1 Total Sugar
i mg/gm of bead mg/gm of bead

Reducing Sugar P Total Sugar
Y mg/gm of bead

I

0

1

2

3

4

5

6

7

0

0.0134

0.0170

0.0137

0.0178

0.0134

0.0163

0.0214

0

0.1275

0.1380

0.1095

0.1035

0.378.

0.051

0.152
.__...______ .__  W KAT _Z

0

0.1671

0.1819

0.1793

0.1970

0.1658

0.1969

0.1847

0

1.845

1.387

1.746

1.572

1.396

1.685

2.011
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Tablo — 11

Comparative studies of alpha amylase production in free Vs immobilized
oolls of B. Polymyxa

Temp Rice starch Soluble starch Potato starch Wheat starch
0C immobilized free immobilized free immobilized free immobilized free

30

40

50

45.7

46.6

43.9

43.5

43.7

42.7

44.6

45.0

41.4

43.3

44.2

42.5

44.0 41.6
45.6 42.3
43.6 41.4

46

46

44

6

6

6

47.2

47.4

46.7

pH
7

6

9

43.9

46.6

40.5

42.3

43.0

40.0

43.0

45.0

43.8
I

45.0

45.2

“L0

40.6 43.0
45.0 42.3
44.6 41.4

46

46

4?

8

6

0

49.5

41.6

44.2

Substrate concentrétion
0.1

40.5

1‘-o

1.5

49

46

26

14

52

43

39

20

2p..
47

45

21

12

564

45

30'

16

45 51
44 42~
32 36
19 24

51

46

24

16

56

47

33

20



Reducing sugar production 75

£31.. swtarch Soluble 9...... Potato 8...... Wheat 8......
0C immobilized free immobilized free immobilized free immobilized free

1.359 1.291 1.32430

40 1.389 1.297 1.336
50 1.303 1.268 1.229

1.312. 1.3068 1.2563 1.443
1.286 1.360 1.235
1.267 1.300 1.229 1.330

1.401

1.443 1.407
1.386

PH7 1.290 1.198 1.0835
8 1.358 1.266 1.2958
9 1.295 1.203 0.9712

1.033 1.225 1.10
1.2453 1.2956 1.1706 1.443
0.9207 1.083 0.958

1.334 1.296
1.407

1.258 1.222

Substrate concentration Z
0.1 1.103 1.395 1.0575
0.5 ,1.035 0.9675 1.0125
1'0 0.630 0.8775 0.4725
1.5 0.315 0.450 0.270

1.26 1.0125 1.1475 1.1475
1.0125 0.990 0.945 1.08
0.675 0.720 0.61 0.54
0.405 0.4275 0.54 0.36

1.53

1.0575

0.4425

0.45



Tabla ~ 12
Continuous synthesis of alpha amylasemi“*~—““"—_—~—_"____—"—_——_

I.

76

Flow
rate

Residence Samples % of starch Enzyme Reducedtime collected convertion Synthesis sugar
> - Inn finite mg/gofleoda(in min.) ( Hrs

150 ml/hr

120 ml/hr

50 ml/hr

45 ml/hr

30 ml/hr

13 1
2

3

4

520 1
2

3

4

5

40 1
2

3

4

5

53.3 1
2

3

4

530 1
2

3

4

24.40

25.12

22.44

23.25

21.70

29.45

29.00

29.57

23.47

23.03

35.33

38.51

33.33

35.35

34.33

43.74

43.57

55.99

59.34

52.33

73.72

73.72

73.43

71.7

10.20

10.50

9.33

9.72

3.90

12.31

12.14

12.33

11.90

10.33

14.73

15.23

15.31

14.90

14.35

13.23

20.30

23.40

24.30

22.10

32.90

32.90

32.30

30.0

0.004;
0.?14s

0.0003

0.0614

0.0056

0.0070

0.0261

0.0410

0.0007

0.7403

1.0050

1.0330

1.0413

1.0139

0.9765

1.2439

1.3314

1.5923

1.3373

1.5039

2.2330

2.2330

2.2330

2.0415



26 ml/hr 12%
5

1

2

3

4

5

68.67

98.6?

97.87

98.19

98.10

98.19

28.7

40.4

49.9

41.3

41.0

41.2

77

1.9530

2.7492

2.7832

2.7956

2.7900

2.8936



During oontinuou synthesis of alpha amylase by immobilized fluid bed
reactor

Table 13
Cumulative production of alpha — amylase

Total volume Enzyme Total time Rate of enzyme productionin 5’:/rs U/:9 mm U/min.
75$

600

300

225

150

190

1 O

\

46.? 80
59.6 133

I74.6 200
108.8 267
\

157.3 400
204.5 600

I

Lia

mts

mts

mts

mts

mts

48.7/min

36.67/B0

29.84/80

32.62/80

31.46/60

27.27/B9

min.

min.

min.

min.

min.



Flow

20

30

45

6%

120

150

Table —

§Qm2~1r§1=1v%<= B_§’ei°§-P_¢@tw9¢  TPI19  Flora 8§_;@_==&

Rate 39 45 B9
ml 1.95 4.2 8.22
ml 2.17 4.22ml 1.95
ml

ml

ml

120

20.59

10.56

4.67

2.5

)

79

159

31.51

16.18

7.46

3.83

1.53



Table — 14 (b)

Q_°m2§%rat1Y2 Ba1¢1°?@1B¢t1"eeP,E}?e ‘F1 t<%§ W/mi nl
Flow RateRatio B C D E F
20

30

45

69

120

ml(A) 1:1.3 121.8 1:2.74 1:3.43 1:4.2
ml(B) 1:1.44 1:2.11 1:2.B4 1:3.2ml(C) 1:1.46 1:1.B3 1:2.24ml(D) 1:1.25 1:1.53ml(E) 1 1.22



iknale ~ 15
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immobilization of Bacillus polymyxa and Sacoharomycesiuluiiq-Q--__1._ %.-1*-it-In-1 '_'i-Idlbiilbibiuiii '—-i__‘liI'II@11i
oerevlaao for tho production of alcoholj#‘““‘“-'*x__*_—__ I|@1@|l-|@lQQi&Qiii-iii

111-- 1,1,1- ..11---~w~_ 11-111 11:11~_ _ _1-6W_ 1111.1. ._..W1-11.. _1-,11_ 111TRatio of B.polymyxa M of conversion j X of production 1 Yield of alcohol:and Sperevisiae P of starch ; of reducing f in X 1oonc. in the beads 5 5 sugar
1:1

1:2

2:1

. 1.5:1.0
1'0: 1.5

68.6 A
66.3

77.5

77.6

65.6
- .-----.~—.._.. __,____L ___. ..__

35.15

33.57

34.2

30.15

26.8

111 11y-1~ 1,__,__ ,_. .111

1; 1 4 . s ;;
14.8 p

K12.3 F"  2 ‘!|1' 1
‘|I I: HH 14.6 F

______._ _-J.‘  ,.,._-__-___._.f_____** _»__,_.__;__L
.\
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Bead Formation in 0.01 M CaCl9 Con.
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Bead Formation in 0.2 M CaCl2 Con.



PLATE - V Effect of Buffers on Immobilized Beads

Normal Immobilized Beads

Disintegrated Beads in Phosphate Buffer
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4. DISCUSSIONS
can-¢n—nnl~ui\$-—-——u1-_q~-q...-1.

Ham of immobilized cells nhviate the need tn

iamlate and purify the vwquivad enzymn. Enzymen hning in
their natural
reduced to larqw axtent
Pngenevatinn which can
t0nditinns.Th

envivunmanta their operational denaturatimn in
Ueniden facilitating cmwfactor
take plane undev auitable

is extends the range hf enzyme that can be
exploited and allnwa the uperatimn of synthetic and
npevative pv0cem@"MnPemveP multintep enzymatic reactinnfi are

poaaihle.
In the praaenaa of monnvalmnfi catinn

pnlygaccharide fnrma a viscoua nolution even at low
cxnummwtvatiun . In contrast in the pvaaenca of divalent
cationa napacially calcium galatlun 0ccuv§.$inc@ gel
fnrmatimn can takes place unnew mild cnnditinns entrapment
in thin matrix is very fiuitable

Qit ii in thin context it
application. Ofcouvae, the must
galatinn nf alginic ‘acid 1%
paPticu1aP_ by ualcium inns. Thi

viability hut isaffectan by the
as phosphate

The weak gel

(Tampi0n and

In

parameteva t

for the viable ce11@.In fact
haa fnund muat extenfiive

'%tUdiQd methnd of iontrnpic

1:: y mu}. t." 1i. v hen t; ct; :i.r;1n '-.2; 1'. n

5 mild method Patains cell
nae nf chelating agent auch

and citrate buffer which can diarupt the beads.
allnwa cell leakage pavticularly in entrapment
Tampiun 198?).

tha nranent ntudy the various pvncasa
hat influence the alginata @fltP&Qm@flt of alpha

amylana prnducing Bugolvmyxa were optimized for obtaining
maximal alpha amylaae production and starch cnnvevsinn.
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Whi 1.4-22 n|::1.";imi;?:ir1g ’t;I'we r.:¢.:1nce:nt';r'a.tinn ca 1"‘ '£55('JCliU.ft\

alginate support it wad dbaerved that 2% IEVEI of nndium
alginatd yielded maximum enzyme whdn compared to nther
cnncantratinna. in fact tna raise in the concentration led
tn A decline in the activity of beads.Wher@aa when stability
QT the bmad in cmncerned at E1 lave! cf nodium alginatd
the baadfi were not ntable and becama npnngy with excens
cell leaching. Un the ntnwr hand 3 to QZ of nuppnrt
concentration in furtnwrdnce tn significant level of
productidn nf amylase attributed ntabiliby to the bnads with

lnnn cell leaching“ Hieratan and Gdughnan (1@B5) nbddrvad
that when tnn concentration of alginate sulutinn W35 raised
a certain extent an addition tn a Cafilfi $DlUtiQfi rafiulted

in morn tighly cross linked ga1.Acc0rding to them high
concentration is difficult to work and 4% w/v is
aatiafactdry fur mare &Qpli£&tiQfifi- Martinsnn at a1 (19B$)

indicated that andium alginata concentration increaaed the
enhancement of the ntrangth of the b@adiH@nce in the present

mtudy baaed an the observation made on enzyme
|:'1rndur:i'.=i¢:m,-asimlrxi1ity emd czrnrwear-zsidn of t.-tarczh -'3-V. w/v 01‘

nédium alginate was uded in the later exparimenta.

with raferenca tn pH it wan observed that
an alkaline pH prnmntdd maximal nnzyme production at all
the auppnrt concentratinnfi tented. Q gglgmggg require an
alhalina pH far maximal enzyme pruductinn (Nandaknmar IQQQ).
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Rice atarch promoted higher activity in

the immwbilized heada ivrempactive of the auppmvt
cohcehthatiuna in a0luhIQ atarch and wheat starch at
pH?.MhePQ as wheat fitawch influahced fiignificaht level mf
activity mhly whwn thw aodium alginatm cmncentratimnfi were 2
hm 3% .This Pfifipflflfifi of §;figl1g15g in yielding various
levela of enxymes with refvence to aupport concentvatimna
and type of mtarch substrates could he attvibuted to the
viscoaity cauaed by wheat %tavch than vice fitarch and
<::t:>r\<.m'-.=sq1.J.1.-:=!r1+.; 1i»"ni.t:¢2».'l;i1:u'1-a.=: in the 't:t'au'\e2ig:s<.:>r"i:;a.t;:i.¢;m of 'i.:l'w2 eaatu-1r"'1'.'.'l"|

muleculafi intw thw headfi.

_ .
B1)?"

Mavgaritia and Be%a+'(19B1) repmvted that

high cell loading led to significant decrease in gel
sst:*enc_;th..‘{1"1 the p t"€§'E'5E3f1 1: <_-?.’¢:v..I.dy it is in fv.-:-sr"r*¢2d 't;hze1t: {Q |f;>_f__>__}__y_'g33_*,/_')_g_e_;g

calla tould ahuw maximal enzyme prmductimn when their
initial cel1_cahcentPatimn$ wave high in the range of 1UB~
ESQ mg/16$ baada whaveaa when the inintial COflCEfltPatiQfl5

were lama, enzyme pvoductiwn waa mmve only after three hours

of residence tim@.HmwevaP ivreapective hf the residence time

law level of call GUfiCEflfiP&fiiUH% (1@® mg/1$$ Deana) ware

observed to he the optimal level hf cell CflflUHfltPafiUH5 that
could pvmmwte maximal enzyme activit was fuvthev

w
3

E-l
w

mbaevvmd that the initial high cell CGflC@fltPAti0H Paaulted
in €%CHfi%1VE cell leaching and thavhy decreasing the
activiny hf immmhilized baada, wheveaa WHEN the initial
cohcehtvation wax law guch a phenomena waa hut insured.
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According to Hagmvfial (1982) velmaae of
(I215-1!]. 1.25 4.:c_"1 1_:hs=.~ -l-:-sr..u*- r*c1ur1r.i i.|'1»;) rn>2acii.L1rn 'f‘t‘l'Jm gra]. l'.1e2au.1w., mm'.'.-‘=2 t'hr.=;=

matrix fipaua in mccupied, might be the raasun fmv mxcefis
leachihg hf cellnlt iw alam important to avwid mvarlmading
the matrix when binding the mnlecules, ainze Qverloadihg
leadfi ta mvmv crowding and consequent Peducem activity.
According to Hackel (1989) location of cells determinaa to
what degrem of nxygeh limitation they are eupmaed at a bead
diametav uf 4 mm and a cell luading of 5®.&% w/w. Only calls

in the CIUQG viciniky were oxygehatad wheream in the beada
diameter of 1mm. and a ceil loading wf 5.bK w/w,axygen
ghuuld hm availablm thvoughmut the hwad.

Cmhcehtratimn of Eafilfi ia emremely important

to mhtain high wtrehgth gel heada.Martin§on at al (IQBS)
qgportad that the {mad bearing capacity hf the bead%

1 I'M: we aed up 1; cs r1 -22 »;-1 r* 1 gr <13. 1'2 M lII.='i\'I; 1 i2 an d fur‘ h i gh  r"

cnhcwntratioh of fiafili the gel strength ia
c0h§taht.Accm¢dihg to Banal Vwva (19%?) the effect of Cafilz
an gel atwength ia aighifimant and exhemely atable baada

I

cumld bH_Qhfi&ifl@d hy incveaaing Cafili concentration. Ogubona

I-J
F.‘

{1?8?) fhund that about ' hra. of curing time waa fuund to
he thw optimum. Intha preaaht study althnmgh maximal
activity of the heada, starch tmnveaimn and reducing sugar

fmvmatimn 'c0uld be noted when the CaU1Q concentration waa
Q.Q1p1 ~ ®.Q3f4 The beada appeared awmllen and spongy.
Whaveaa, when the cmhcentratimh mf CQELR was more than $.$5N1

thw beada were hard and Q.2¢4CaC12 pvmmiaes tn be the
optimal Cafilfi concentration for the pvepawatimn of the
deaivable baads.
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E-'5rJns-.1. 1. \a‘\':11"<a ( '1. ‘?G‘7i»‘) 'f'<-u"*.';I"u=.+|" L')|;1f=';fl-‘Ef“~."\1-$.&1'.4 *l:;ha.1'; ‘.‘.‘i'-T)

hvs hf curing tima wa§ Qmtimum far yeast immmbilizatiwn.
H&PfiiH%OH and Ogabmnn etal (1?B@) Ymund that ahmut 22 hva.

of curing time ia mptimum few gel stability. Whereas in the
{.1 r‘12+ss1:e:+n 1"; <15 't:1.1.»?.1y ,E__'?__,,__1;;_;;;g__j.__j;4"_;_q;;;;_;;;_:3, s;=1hr.:n-~n-;=.¢.;i ea 1'1 c:1|:> it 1i. rue-2.1 r"'sa*r;1u.i.r'"-:11:-an ".1 0 1‘ L2‘.

~5 hva of curing tima at $.E+fl CaC1E cuncwntratian for
{maximal afifiivity; flfia theva is lachzcwfilmfiifnvmity in iflua uae

of cohcentratiwh hf Sodium alginata, concehtratiun of Cafilfi,
cell lmading and cuving time by 5GVFYdl wuvkeva it will he
difficult tn aaseaa the r@alative mewita nf modified
|:1 I‘ tr»: F.-L‘ £1 u. r‘ ea  .

Nargaviti§,Bajp¢3 and Wallace (1?E1) uaed a
mare amnvwntional a1giha%¢ head syatem with {mm diameter and

-'.\
J

ve y high cell dmnaity fur alumhml pvmductimn uaing

‘\s

_ ggggggg QQQilig. K1ein&HPea§dovf{19E3) in theiv atudiea an

gL@QQlii§ uqau bmadm of B1295 hatwaen 6.5 Emm and
observed that heada mf @"9mm average diametav were good
hacause of their diffusional characteriatic$.Ramakri$hna &
Jamuna {IQQRJ Pepmvted that the amallew haad diamete ­

-II
J

1,3

muvfacw reactimn ia Pafifl limiting and at lavgmv meada
diameteva diffuaimn limita the overall veactimh.WhePeas in

the pvesmht fitudy it waa obfievved that bead aiza did nut
influence the perfmwmance of the baada and ivreapective QT

1d
v

E

the bead aixa mignif}cant lave G of activity would be
mbtainmd.

Hcfimvdihg tn Tampimn and Tampimn (1987? in the

pvactiual atudiea of immnhilized ehzymaa and cell raactovs
the himcalytic activities uaually empveaaad in tavmfi of
pmvcantage relating tn the activity of the free anzymea of
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(mall prepavatiwnm awmilmuth &a5Ay% amwz (married out under

similar cbnditimnfi of temparatufa and pH.
In thm pvesent atudy immmbilizwd E QQi1mx5g

calla were able tn demonstvate fiigni$iacant lavmla of
himcatalytic activity in starch cmnvavaion, veducing fiugav
prnductiun and amylame production at 49°C, QHB and subatvata
cmncentvatimn mf “$.12 aa dw theiv free cell counter
parté.Thi$ mbaevvatiun indicatea that immmbilizatiun of
§LgQi£m1§g pawfmvmed at their optimized cmnditiuna do nmt

affect dvastitally the normal pevfurmance.
Hccuwding to Hondward (198?) at lower

auhaatvate concentration the Pate of reaction will be faatan

aubatrate cmncentvatimna pvommted highev mnzyma production

*!:l'\-am H i»:_;h»:=.!r‘ =::»:;\1"\~::»;:r\t1r*a. t: iun uh ich led to r*e2t.1I.zr_'rs4r."i 1:1 t‘ 0:1 1.»: 1: 1101": of

amylase.

F1»: c::~::>z-‘~11 i mg ‘t; :1 Uh 1. escarw I. 1 "3-"FE-}'J as: t‘ i.v-a.’cr;n"1 rnr.-'.a,.z-1m='a

incraase in the meaamved total activity of apmcific
enzymatic mtepa in micro mvganimm.ThePe were mevaral
explanatinns offered with Pagard tm activation
m@fiH&Hi$m,§uEh am lywis of the immmuilized calla Leading to

facilitated tvanapmrt mf veaztants and pvwductg ,gPwwth mf
immmhilimed micro Qvganifim taking p lace inaide tha gel
matrix av pvafavential cellular matrix mne or tww
€induct‘;w¢.Chua at al (1???) recorded activation in medium

ii
.’\
~lum

aa a PQ§U1t of microbial gvmwth and observed grnwth uf
gggggggggggg gggggggg math inaide the gal and on the mutev
amvfacw .fic:wPdinQ ta them it ig batter tn immobilize a

I
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immwmiliaad th@v@ will be much fvaa fipama in the gel and the

~21 re!-I 1-I-3 >:<?a.r1 !‘:»>=.2 mac! 12:3 1;_}r"'~;'Jw ta y -5.1»: is i vex t inn . I f fl\£.\.f1f;./ ca? 1 1'5 -sat“-<2?
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gvmwth QT ce11fi,Th@y have furthmv ubawvved that activation

-s~

fr»?'\
-6-P

znf‘ .tmrm:>i:> i Lt. i2=;»'»s:-1~':3 ma 1. 1 2.1 Q I1 r*~a"s t"E'€!95i.i.]. "tmc! 1 1'1 the rnee.:< imum

prmduutimn 0? Q ~ 3 butane diole. A aimilav BU%@PV&tififl waa

made with fi.QgL1@11§ in that 24 hvfi of activatimn tima was
Pequived fmv maximal amylaae productimn.

fin treatment with vavimua buTfePs,cel1s leauhed
.

rapidly and fiubsmquently the beada fliaintegrated in veapmnfim

to phmmphate buffwv followed by citrata than mtheP§.The§e
rwfiulta are in agrawmant with the atatwment of Tampion and

-IQ,

I“?
'*-u
.\_A_Lu
-‘J-'

Tampiwn *nFurthar it wafi alfim mhaevvad that whmn the.  .cellfi wave tvnafi linked wlth glukaldehyde call lmachxng wafi
A

avvefitwd.

Ehimizu mt al (1979) Papmrted that the
cmnditimn under immwbilizefl stata warw Pflth@P different from

thnfia of fvea calla. Rabin (1985) mbaurvmd PEGUCEU gvmwth

Pate ,g&nmvatimn time and Pespivatinn rata in immobilized
c:c1m:1i’c." .1.1::ms..14-3¢:r.'.<;nr*\:1 i r'1r._"3 hm 'l"¢a.»'n|:.1:t<::n es>.nr.1 'T'ea.mp:ics1'1 <1.“ ' they 'fr"'s.=>c.=.

__.__._vLu
\ 3“v

calla lomaely entrapwd in the matrix may prmliferatw to wavy
high ci»:=*n:-:si.*:y aruzi t;he.=.-.-ma rnay Ina I1 i<.31"1<-2:‘ pear“ ur1:i.'l: crf" v».-;1l|..m1s:e ‘t:1'w.r"1

flan be obtained in fram cultuve in a fmwmentnv. They furthar
fitahed that evwn a High call denaity was achaivmd during
immobilized atate which might be advantageQu§ to veact with
cw w tI"u;m"1.t ctr?-2111 rii. '-' 1i €~Iiif.iZH'1 .'\ I. 1'1 1511i-2+ |;1Psr+*='sr:er'\1:  \?;¢..'.r.1';,-' i:\"n.'m.>;;I'1
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mbswvvatimn mav Paime dmuht on the utility of immobilizwd. 1

fiPflfiH$% fmv thfi pvmductlmn mf _amy1as@"H0weveP when

Peumability of tha immmmilized biwcatalyst ia mf interefit,
there is ample Qcope fuw continuous aynthesia of amylaae at
uwnmentvatwd kitaves and smbaequent higher productivity

Q
W
I

cmmpa.vad to free calla that invmlvaa batch pruca-*
fin mttampt wam made to cwmpava the

pevfovmance of fwme calla and immubilized calla entvapad in
aliginatm beada Tow their efficency in tha production of
a1ph&~amy1ase with rafevence to varying temperature, pH and
vavimma aub$tvatm cnnaentratimnw. Remulta obtained for the

wxpevimanta tlwarly indicated the fact that even unflar
immmhilix&d cnmditimnfi thm E QQixmi%§_ wam efficent at
cnmpavablw levels with fvea calla at similar envirmnmental
cmnditimns. Definite the physical atveas impoaed by the bead
pavticlea on thw intact calls infiide thw bmad, cells could
elaborate amylamw aa they could do under fW&e mtate.
filthmugh their reawunfia to the natuww of atavch §ub§tPat@ in

tarma of quantum of amylase ayntheaia in general the
Qfficency mf calla were not Peatvicted. Based on the vaault
it may he fiuggaated that the immobilized pvoceas may be
wreffmved fwv the pvnductimn Q? amylaae than the free cells
in fevmentmva whan commercial @KDlUitdti0H ifi of intfleaat.
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Cmmpawwfi ta free calla immmhilizmd calla can

hw mdvanthgmmm when ufiwd in cuntihumuw pPOC@fifi owing hm tha

fact that thm reacts» vmlumw can ha comparatively smallar
fmv thm unit prmductimh mi enzyme, call cnncmntwatimn im

wavy high in the immmbilized bio PH&fi€UPE. ficnnvdihg tn
"Hmmnimn & Tanmnxni HUME?) immmhilizmmiinell pPOfiG$E cmuw a1%w

be ~:_\;m*:~.='.~.i"-e»:i in  h-sitrch inucic-'9 \'Q€'?i"'\£'éf‘-‘.'~).11y though it it-3

$1.:­

cmmmavnial to nae them_in cmhtinuwua pvwmwma. Jamuna
Hamakriahha ii???) have atatad that immobilization of whole

calla fmw mmtra mmlulav enzyme offev many advahtagwa much aa

the ¢ii;\i1itj,»" tr-:3 -=.-s\=.-.1.1_7:=:*r~-a*.\'!;=£-2 cfisll ma.'=.s-r= ‘;=!‘*‘;Hfi the br..=.1l<: 1i»:i1.1i.»;'.1 ‘for

pmwwihlw vmuaw facilitating cohtinumua mpmvatimhfi mvmv a

pvolongmfi pariah and enhance PEflfltUP productivity. They
mhs@Pvm&that hacillufi mp whuwed maximum mmylafim activity at

low dilutimn rate which gradually dacveaawd with increaaed
dilutinh Pate. Thmy also mhaerved that the pwoductivity of
amylaae in a packed bad vwaatmr far a peviud QT 4% hva
=.';i»'.=.*<.:t1.i.mad r.f;r*<§\d»..\.a.1Ily r*».=_=~::t.1|*di.|1:_."; "-11% U./ml. 1.I.p'k:c> 11.1210 l"n"='s. 'f'he;,-"

further mb§evved that the ehzyma yield on continuuua
mpevatiun wan 10 u/gm cmmpared to fvme callfinwheve as in the

presant study maximal anzymm synbhaais (4i.2 mfg) alcng with
maximal mtavch cwhwevmiun (98.1%) could he recorded at a
flaw Pfififi mi 2% mi / hr (dilution rate 6.5 hr) and
productivity of mmylaam declined with the increa§@ in flow
Pate aa well aa the dilutimn Pate.

Enmyma pwuduutivity which Pfipfififififlfifi the syatam waa

calculated by multiplying the dilutimn Pate by the activity
(Jamuna and Ramahrimhna 1@?2h Pvndumtivity increased to 295
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u/Q wf bead at the dilution Patw uf @.5 hva/gm mf baada and
daclinmd when thw dilutiwn rate wafi enhancad. Jamuna and
Ramahwiahnm (1???) wbmarvwd an increase in productivity with

i 1'1.-:::r">:-1<=.-».:'=1».:2 in <11 .i. 1 2.1.1.‘; i on Pa. tr-.2 1.1;: to I2 .. I3 wh i. 1:: h {.‘i>E!tII1‘€.!'L'9.'.'='>f.-2"fZ§ 1 a. is ea 1" ..

Hheveaa in thw prwamnx atudy_§.pm1ymvka ahowed a pvogvesaive

dz-:-:-cj.1. i1’I\'=3 1 r1 '1.".h~a=;\ pa :*r.1»rh.1.v.": 1'; i '~.-' i ty :11 cmg) w i. th 1i. m".tr*<.-*.+';=1~'=a  i r'1 1:1 i 1.2.1 11 i on

rate.
fin intereating mbservation mafia in the pvesent Qtudy

(Tabla 13) with cQntinu0Qa pwmductinn mf alpha amylaae ta
that uaing minimal aunstrate aalutimn maximum enzyme cculd
be pvmduced under immmbilizad abate on cnntinmuua operaticn.

Theae calla may Huh cmnfiain all tha cmmpmnentw of
enzymes n@c@§$aPy fuw carvying out the Epfifiififi cnnvarsibna.

fine of the practical altavflativaa currantly explmved hm
obtain such anayme, cell system ia preparation of cm~
imm0bi1izatm§. Binding of thw deficient enxyme fwmm external

§wuPc@,fPee mv immobilized micPn~0Pganiam leada to c0~
:imrm:1t'>i 1 1 2; e.+.t:<a~'a wh iczh <;:c>mb i rue: 1.: hi-2‘ b i. o-~ -1; ea t;=.a.l y’r; .1‘.-: |;'n*».'.1pr.=ar'f1'. i<.-:4-as ca 1"

the calla and of additiunal enzymea fvnm anmther aouvce
(D’§0maa,1?B9). Wheveaa in the pvamwnt atudy an attempt was

made to an immobilize an amy1Q1ytic?B.g0LymZ§g and ethanul
pr's:w;1I..1.z:: .in»:_; :5. i_I;_€_~}_t_‘_*§;‘§_‘y'_§l’=£'1 _Ii.__-='-3.\':_1 .1'.r1 +2.  1'. mg la I.'Js=u'.'+.r.1 :1 rm r_wr:h.=zr '1: 0

cnmplimwnt the two anzyma ayatem neceaaary for converting
wtarch into alcmhml diractly without conducting twm aepevate

batch pwmceas. The affuvt yielded fvuitful Paault and
wignificant lwvela of alcmhml would be ohtainad by tha c0~
immahilized beads aven at a ratio nf 1:1 . Thia particular
r@auLt haa much QCUQG for their cfimmeraializatimn of
pvuducing alcuhul from atarch wafites.
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C? on ¢:. 1. 1.1.1:! I. nsg F12 »aesm=.4. r" hi ~22­
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_k; pmlymyka iwmlated from Cmchin Univevfiity
envirmnmant which has a ahort Qenevatiun timw capable of

In

prwducing alpha amylaae rapidly has a lavgav acmpe in the
fermentatinn industry for tn: pruductimn QT alpha amylaaw
which haa a wide cmmmavcial auplicatimn and alcohol
pvmductimn in cumbinatimn with yaafit ufiing mnmvmoua Etavch

waate availabla. It i§.sugQe§ted that immmbilized pvmceaa im

a right thmicw far starch utilization.

THH mtatifitical mnalyaifi cavviwdmut in the pvemant
Qtmdy confirma thw mbsarvatiuna made an the nature of
Pelatimnahip that exist batwaan the vaviablea under
immobilized condition and their impact an the activity of
the heada,
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SUMMARY

1. figgillgg ggiggggg producing alpha amylase, iaulated
Tram fiuil mf Cochin University Campua, was uaed far studying
the immobilizataion Qf'CQ1l$ in gel Qntrapped bmada.

2. Initially thm pruceaa parammterfi that influence the
preparatian uf efficiant immobilized beads w@re optimizefi.
Thum cancentratimns of %UfipGPfi maxerial W alginate, calcium

chloride, ‘calla, Enzyme, Bead size, curing time, and
I

activatiun time were optimized.

3. It was observed that 4% of amdium alginate favoured
maximal gal atahi1ity,starch cmnveraiuu and alpha amylase
production.

4“ Immmhilized baada prepared uaing IQQ mg/IQQ g beada of
cell cancentratiun yielded maximal alpha amylase aynthesis
almng with starch cmnversinn on incubation for minimal
reaidence time“

5. Wham alpha amylafie wafi immmbi1i%ed in alginate baad%,
at a concantratimn of 25 ml/25 gm of bead maximal starch
<2 cm wear  .1‘. -::m 1~:a~.'.-: ml":  r 1;! ..

5. filginate Immobilized beada, varying in aize fram 1 mm "
4 mm did nah influenae the parfurmance of the beada while
heada of fiififl 5 mm and abova led to decline in the rate of

Qflzyme synthesis by the beads.

7. At cuncentratione of Q.1 m ~ 0.2 m, CQCIQ attributed
atahility ta the immobilized beada infurtherance tn maximal
activity“
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8. Maximal alpha amylafie production wag retarded when the

If-3

l.wzmJ-at wmrae n\¢=iint¢aino2c! in C4161 "far czuring a min1mv.m1 pser~1uv.'1

of two habrs.

§. Optimum fi9mpGP&fimPB for maximal enzyma aynthesia and

atarch tonversiom by immobilized calla 0f_QJ polymyxa waa
n ° -Iobfiervad ab 4% U.

1%. Immubilized cells 0f'§.ggig@g§g did prefer pH of G and
9 fur their maximal ayntheaia of alpha amylase anfi %tarch
1::-;'Jr1\.n-:er"1=§.'i1'.11‘\ ma do the 1'. r 'f‘r*1=Mz& (.'.'1.':'+1.]."I~Ei <';:¢;>I.J.r'st;£-32' |";1e.1rt&1..

11. It wax nhaerved that 24 hra. of activation of
immobilized cell beads wafi neceaaary for obtaining maximal
activity by tha immubilized biocatalyata.

12. A minimum of bfi minutes of residence time was required
fur maximal yielé of enzyme and maximal converainn wf
starch.

13. Reaults indicated that bath phnaphate and citrate
buffera cwuyld he uaed far disrupting the immobilized bQads
$ince thay enfmrced maximal raleaae of cells thrnugh
leaching from tha beadx within~ onw hour.

14. Variation in the initial cell cmncentratimn did nut
influencw much on the rate of cell leaching from the Deana
which varied from @.4 to 0.?&% during a periwd of & hrs.

15. Crnsa linking sf cells with glutaraldehyde (SK)
.-a.r*r"'r=.\*.='.11.:#;ad 1.eea.r:."h i n <3 an 1‘ case 1 .1 2'5 ‘F roru 1.: h ea Ir: e"+.a.¢.".i~s ..
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immohilizwd haada Pecmvdad maximal levela of alpha amylaae

th»:m -51 1: h 1'. gh-'=1r‘ C~II)1'h'.T.1’.=!*i'\ tmts t; §.il)l'1'55 .

1?. Rake of alpha amylafie aynthasis by immmhiliamd calla
warm rapid until Eb hvfi (52 u/Q of beadfi) and declined
1a\i';er~ . ,

ll

1H. Although rqaidual stavch waa minimal ihaide the beada
aignificant Imvels of reducing augar and total sugar could. . . . . . . e .
he rewarded 1fi$1dE the beada 1nd1cat1nQ a max1ma1 cmnfivamon

of th»:-2 -sat-?u~»:l'1 in-.=_ai»:i2e.= the {mad by the 129115. 't'h<~:+ <st+.u*c:h IE-E3‘-IF-91

in tha amlutimn uutaihm the hhad dvaatically gut reduced
indicating a rapid diffuaion of $t&PEh into tha h@ad§ which
is evinced by A meagre level of reducing sugar outside the
bedfi.

19. Uh cumpavative analysis it was whsevved that
immobilized cells tould ayntheaize alpha amylaae at similar

levela with free cells of B,_po1ymyxa.— ‘ ~ *“I;

26 Among the varioua atarch subatratea teated wheat starch
favoured higher levels of alpha amylase followed by rice
~51:-=‘+\r*~:h, pcltato -at-swch aswl '.=:»c>lub1e2 -est."-==.\m.'.h., by 1-1-:>i:h

immmbilizwd and Tvaa calla.

F3
I*'­

Dn continunua opevation sf the fluidized bed veactov
packed with immohiliaed cell beada, at a flow rate mf E0
ml/hour, maximal alpha amylaae waa recorded than at higher
flaw Patea“

23“ The P&t@ mf enzyme ayntheaia mm continuoua operatimn
wax @.&11B u/min and Q.Q45 u/ml at 29 ml/hour flow Pate.
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I

dlf life mf the immobilized cell beads was efitimatfld
tn ha 25 day%~

E4.

at i wee»: t

the fiQ"imm0hi1iZ&t@ Qeada could effeciently cunvart atarch
On co~immmhili:atiwn of Q. QQLKQXEQ with §.9gQgg;g;§g,

. I
0

y to ethanml with a yield of 14.9% at 1 : Q ratim.
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Optimization of Bead size for Immobilization

APPENDIX

Table A.1jjiiijiii

144

Bead size Retention Enzyme pro— X of starch Reducing sugar(in mm) time duced in conversion(hrs) units/gm of mg/gm of bead
beads1 1

2

3

4

35.4

45.3

40.7

46.55 48.1

60.2

77

69.2

79.2

81.8

0.2267

0.2914

0.2612

0.3001

0.30872 1
2

35.2

42.83 43.44 44.8
5 44.1

60.8

72.9

73.7

76.3

75.0

0.2310

0.2783

0.2785

0.2893

0.28493 1
2

38.5

38.53 42.84 43.1
I.5 45.9

85.5

65.5

72.5

73.3

78.1

0.2482

0.2482

0.2741

0.2783

0.29574 1
2

3

4

5

37.0

42.8

40.7

43.3
\

48.1

I

62.9

72.5

69.2

73.7

81.8

0.2374

0.2741

0.2612

0.2785

0.3087
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5 1

2

3

4

5

33

3?

35

46.1

43.7

58.1

62.9

59.6

78.5

74.4

0.2115

6.2374

0.2245

0.2979

0.2806



Optimization of CaCl2 for the preparation of immobilized beads

Table — AC2
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Concentration Enzyme activity % of starch Reducing sugarof CaCl2 in units/gm of bead conversionmoles/litre mg/g of bead
0.01

0.05

0.10

0.15

0.20

0.25

0.30

0.40

0.50

19.07

19.30

16.87

18.18

16.80

18.10

8.50

50 '
4.40

42.99

43.49

37.59

39.39

37.30

29.43

19.20

11.90

9.90

0.5588

0.5840

0.4887

0.4724

0.4847

0.3825

0.2482

0.1503

0.1020



Table A.3

Effect of pH on the Activity of Immobilized

B. Polymyxa
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pH Enzyme production X of starch
units/gm of beads conversion

Reducing sugar
(mg/gm of beads)4 13 175 13 ‘17B 26 34.27 35 45.6B 45.8 59.659 34 44.3410 22 28.811 11 14.3

0.0948

®.®94B

0.1891

0.2520

@.3297

0.2448

0.1584

0.0792
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Table A.4

Effect of activation time on the activity of immobilized cells

Activation Enzyme pro- K of starchtime duction in conversion(in hours) units
1

8

12

24

48

13.

22.

20.

3?.

30.

0

0

5

2

1

27.9

48.8

42.7

78.3

84.9

Reduced Total sugarsugar mg/gm of
mg/gm of beads beads
0.1970 1.3988
0.18?1 1.3875
0.1858 1.5720
1.1220 2.4300
0.9815 2.0760
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‘Tables- A.5_~-j“—_“­
Effect of substrate concentration Qn enzyme production

Substrate Enzyme production in units/gm of beadsconcentration (soluble starch) (Rice starch) (wheat starch)
K SS RS US0.1 47 49 510.5 45 48 481.0 21 28 241.5 12 14 18



‘Tab1ea.A.8

Raternaf cel} lmaachiru;"from tkwalmaads

150

Time in Leached out cell % of cellminutes mg protein/mi leaching
00

30

B0

B0

120

180

240

300

360

000

0.00019

9 » 99.989

0 - 00078

0.00090

0.00092

0.00098

0.00094

0.00094

Nil

0.44%

0.49%-‘ .....,, Q-.q.-..-0.
0.43%

0.50%

0.51%

0.54%

0.52%

0.52%

Din.



Rate of enzyme synthesis at different timings
O

Table — A.?
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Hours Growth in Enzyme Growth in imm0~ Enzyme(hrs) free cells synthesis bilised beads cell synthesismg protein in free protein (mg/ml) (v/gm of/ml cells(v/ml) beads)
\0 0.0 0.0 0.0

12 1.905
24 2.401
36 1.987
48 1.907
B0 1.88?
72 1.743
84 1.890
98 1.521

28.5

50.0

33.8

29.0

25.8

19.6

15.0

12.3

1.791

2.097

2.488

2.248

2.185

1.952

1.887

1.985

0.0

22.4

37.8

52.1

46.7

38.0

29.7

28.0

30.9



Tabla A.8
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Continuous Synthesis of alpha amylase in fluid bed reactor_jijillilliiiijlliiiiiuijjjiflifliijiiliiiji
Enzyme Synthesis

iiiiiililji*iiiii_

Flow rate U / minute V / ml
(ml/hr)

A ZQ
B 30
C 45
D 60
E 129
F 150

0.661?

0.5243

' 0.3629
0.2486

0.1988

0.1623

2.045

1.0487

0.4839

0.248?

0.9993

3.0849



'Table.A.9

Half Life Period
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No.of days % of starch 0992Qn;0§/gmconversion of beads
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

18

17

18

19

20

21

22

23

24

25

81.90

79.80

78.48

75.23

74.48

72.30

68.12

85.08

60.12

55.05

54.98

54.98

53.12

51.08

50.20

49.12

48.40

47.50

48.80

45.30

44.80

43.70

42.30

40.80

39.80

44.15

43.10

41.89

40.24

39.59

39.18

38.05

35.85

34.25

81.80

28.90

28.80

27.90

27.90

28.42

25.80

25.47

25.00

24.60

23.80

23.47

23.00

22.20

21.40

20.80
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Half Life Period
G 5/58 - 15¢

No.of days 3 of starch EP units / gmconversion of beads
28

27

28

29

30

31

32

33

34

35

38

37

38

39

40

41

42

43

44

45

48

47

48

49

50

39.10

37.90

38.81

38.02

35.12

33.90

32.80

31.90

31.40

30.90

28.80

27.90

27.10

28.80

25.80

24.80

23.90

22.00

21.20

20.80

19.80

19.80

18.45

18.90

15.80

°'°"u .
2

v F-'5|T7‘_~"

‘Q2 °

W

’ RIQC” $Maud’

20.50

19.94

19.37

18.90

18.90

17.80

17.20

18.50

18.50

16.20

15.20

14.80

14.20

14.10

13.47

13.05

12.50

11.57

11.15

10.94

10.31

10.31

9.71

8.89

8.31
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