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ABSTRACT 

The desire in this work is to determine optimal conditions suitable [or 

the microbe (Bacillus subtilis) and enzymes (a amylase) to produce high 

level of sugar. In this study a amylase from free and immobilized Bacillus 

subtilis on chips of Raphia sudanica was used to catalyse the hydrolysis 

of starch using batch and feed batch processes respectively. Raphia 

sudanica was cut to size and severally boiled for purification and then 

used for immobilization of Bacillus subtilis. The total sugar produced was 

monitored using the Somogyi-Nelson method. Optimal operating 

conditions such as temperature and pH were investigated and Michaelis 

Menten equation was employed to determine the kinetic param~ters for 

both the free and immobilized processes. 

The optimum temperature, pH as well as the activation energy were 

50oC, 5.0, 6.5kJ / mol and 70oC, 5.0, 22.6kJ / mol for the free and 

immobilized processes, respectively. The Michaelis Menten constant and 

maximum rate of hydrolysis was 0.03352 mol and 40.0/1 mol/min, 

respectively, for the free process. Similarly, for the immobilized process, 

the apparent Michaelis Menten constant and apparent maximum rate of 

. hydrolysis were 0.05044 mol and 125.0/1 mol/min respectively. The 

substrate flow rate employed during the immobilized process was 

12ml/min. 

Regardless of whether the process was free or immobilized, the slight 

acidic pH medium of 5.0 was most suitable for the bacteria and its 

enzyme. The a - amylase from immobilized Bacillus Subtilis showed its 

resilience at high temperature by exhibiting optimal activity. The lower 
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activation energy exhibited by a amylase from free Bacillus subtilis 

shows its efficacy over the a -amylase from immobilized Bacillus subtilis, 

owing to better spatial orientation and in addition an almost zero effect 

of external mass transfer resistance enjoyed by it. 
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CHAPTER ONE 

1.0 INTRODUCTIOf'1 

S t a r c h r ep rescnl s LI lillk w ilh l I lt' C' llergy or ti l(' Sl li l , I l l!' l il li'll : ll l ' 

sourc e o f en e rgy in L1 l<' Unive r se - u nly ( Ji l C life (1)1111 11: 1: : II I" rii v il lt' 

o ppo rlunity, Il1 Cc iJ euli s li1 n nd d ev il :(' t() S ll (Tc~;s flllly sV ll l l w: :i c; (' S() IIII ' 111 

thi s cn e q=-s prim a rily "1 .'i its own [ood I"CS('I" VCS cl l ll 'ill R 1: !I() I () s \' l ll l w',:i:, . 

/\pnrt. fro /ll se rvin g ;:I S fu od r ese r ve :; fo r 111; 111I s, it pnl v i(I (' :,: :1 111 ('(' I I: lll i' :1I1 

by wlli c ll n o n - pllol() sY lltll cs i s i" l~ (l1'/'': 1111 :~ 1I1 ~ ; ( ' ; 111 I llil i' :I ' I I II' "lfI'l }', __ ' 

provided by lite S UII , To utili s e Ihi s l' IHT!', V, s t ; lI c·Ii 11: l s 10 I I(' "JlI V"III 'r! " 1 

easi ly deg r a d a ble fo rtH s u c h :l S S' II;;-1I" . S Up,:l l' kl :~ i l lllll l l )l" I : i1l/, ' 

a ppli ca lio n s to rn an, s li c h th a t in v(' s ti ga lin g !l ew o r l )c ll C' 1 \ \ ' ~ I \S (d il:.; 

produ c lio n and und ers ta ndin g th e ir kill c1ics will I!,o Oil fu r SIlII I(' li ll " ', 

The conver s iu n !If s ta rc h lo S Uf~;1r iil vol vl's Il w II \' t l ll.J )"; i :: ( II II" , 

1-- , /1 g lycos idi c b OJlci s ("O UIle! il1 SI ; II '(' I" w lli (' l, i s ; l("l, i('I ;J!, I(' 11\' 'W\ I 'j : ' 1 

c; lI rdy li c pI OC('SSCS, Tll u iC' il lt: llId c : 

:.1.1 (l 9~) G ), L ;: I},O i<.LIII (19 W'i ) c lt" . ; 

.:. alka lille hy drolysis of s ta rcJl 8.S re p o rt e d by Tsndo (2 () IU) ; 

(1997), Ivonyc (1 (98)); flll rJ 

.:. frecl y s u s p c nded bac teri a l fJa cil/us su/)f ilis w n C' tI ' p ()rkr ll\ ' II S ( ' ( I 11\ ' 

Ogunbay o Cl nd Bellu (I. 993 ; 1 (V, bJ , 



111 till' S;l IIl C V('i ll, \'; lli () ll S I' y <ir(l l ys i ~.; of ('(' lIld (, <:; (' 11 :1\' (' 1)(' (' 11 1('1 " 11 It' d , : 11111 

Ill e rl'sulls I'nllll Ill ese processes \\ ' ( ' t'(' II) S: IY Ill!' -' ( ' :I ~; I ill'I Jl f' :'; ' ;i \"' , 

lTS llllill g ill pr()duc li u ll o f 1~ lll n) Se <,\11\1 ( ' ( ' II(!I ) i( ' ~w , 

'I'u fUllil c r illll)l'uv(' 111 '~ g<1 ill S Il l' (' IJ /,VIII ;,lIi( ' 11 \·dl.Ji \,s i ': . " 'lli"I: j ,; 

seclI 

(200 J ), illlllJohiii sa t.ioll ICC llllOlo gy evo l vecl wi l I, s eve r:, I S II(.' ( T~; ' ; I '~;, 1' ( ' 11 ' 1 

(1979), SiLLon and Gaddy (1980), OgUl\!J Cl.\'\l ;111(\ 1J('l lu (I l) ~~ () , If)!!:) ), 

J\)g8C}'l' (2 00'1 ), r eportcd ,·.: ithc r iml1l()iJili s il' f'. C I1 7- V IIl C S or ('(' li s . TI1I' S!' 

illllllobiliscd Cll zyrncs or ce lLs have b CI' 1l Llsed t I l ' lIll()llf'. () Il ll'r :.; 11 \, (\:Ilh' :'w 

cellulose, sLarch, and IncLosc e Lc. Lo OlJ t ;..1 ill \'(\ ri ou~.; produ c l s f' I', · :lk() II IlI , 

L· 8spnrLic Clcicl, gniacluse, glL:cose e tc , 

The need for LIli s work is urought 10 \)e;11 ' I),)' Lile f()llc l\vil lJ ', r" : I ~ ; f lll :;: 

.:. NigcriCl i s a growi ng lcdlllOlogy 111 ,11 I1 cecl s 10 IOllk ill\v:HtI II JI 1 ; 1\\' 

m a terials and processcs th n l. 11 ;1\'(' \V(' II dcliIH;(1 killf'li l ' :;. Tl,i s 

l'CscGrdl fil1liill gs ;I r c n [o()L<lgc ill l ' \'u l \'i llg illdil',CI1' )II S I (T IIl )(,j'll',Y: 

.:. Olher vvorkers , O Jatdnji and J\lJc rll ;-1J~ IJ a (llJ8(») , ()gl ll l!J;lY() :111(1 

Bello (1 9 13 3) u sed (D , sulAilis) rrom rcrt Jl e llLilq~ g,u i. III Illi s , \ ' (\11 ;, 

lhe source uf B, subt.ilis is different. I V() IlYc (19lJR) l\:-·w d fllllg:t1 (I 

amylase Cllld J\gaic (19137) u sed b ;:ldf' ri ;d u. ~lIl1y l ; I S<: i()r tl\(' :dll<iy "I' 

cassava starch h y drolysi s . Alii ; 111(\ 1~ ;l hlll(l1l (I tjl)g ) 1\ ~; ( ' c1 rlll,,~ : d 

amylm;e 10 hydrolysc cereal stnrc ll c s ; 

.:. Ogul1bayo and Be llo (1 993) reported ll s lng R(/jJ/li(l / lOn/I(,,-i (' llip ~'; 

as carriers, this work tries to show Ll,nt uJ.Jolher s lll )s li\lllf' , T,'tI/'/li(( 

sudanicu which is ubhuitous CCl ll be u sed ; 
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s l n rel1 r especLi vely. T hi s wo r k s fri v(' ~; I II I' I (J jlP' :(' I l l<.' ki l lCf i f 
' : III 

s t a r c h lI s in g bo Lh frce HlH.1 irnlllol )ili s(:( 1 ce ll s. 1\1 1-',;1(·.\' r ( ) ()f) I ) 11::1' , 1 

H differenL s lra in Un cillu .') c in :lll(/ I/ <j ( ;I ~ !-; :11 J ill " i s wo rk \ \' I I ! I, ' 

inves lign ling carr ier s izc effec t. Thi s wo rk i s a Slt- ppil l!', ~ ;I() I l" II) 

cornpar::llivc kinclic an a lysi s . 

1.1 Aims and Objectives 

t. To i nvc~; Li gt.ll c llH:. o pfilllUlll cO lldifi'IIl S, 111 : 1\ IS pll , (('1 11 1)(,1;1 1111( ' , 

n llc1 COlJ cc IIlr; lli()]t fur hy dro lys is (If ~ ·; f ; IJ"( : 11 II)' f/ ' ; III1 V I;l S( ' 11 ( ' "1 I I (T 

fJuc ill1l.5 s uhlilis Hlld h e l1 ce c s tabli sh Ill e kill t'l i ('s p ; lr ; lll l!' I (' I :~ 1:1 I I I!' 

Haphio s wlonica. 

3 . Tn inves tigal e op (ilm11 conditi()n s s ll c h ns fl ow r;l~ f' , pi I : lI lC l 

t.emperalure us in g previou sly d c l c lIllill Cd S U!J S (I ;:1 ( C r; () I l( " ' lll r ; l li f Jl I 

f ro m u-anly lasc fro lH rree Ba cillu s sul)l.il i8 fo r hydr () l y~; i s o r s l :l l (' " 

by II.·-nllly la se fro llJ itnlllobili scd 13o cill1l 5 ,<; 11 lJr iii .':; ;111f 1 I I!'I 1(' (' 

cs Ln blis h th e ki l1c Lic s 1)[ th e process. 
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1. 2 Limitation 

1. Effect of mass lransfer IS an imporlanl paralllcLer lo bc 

established for a lhorough kinelics of immobilised ce ll, il IS 

however, a function cf equiprncnl specification, il is (J conslrainl ill 

lhis work. 

2. The peristaltic pump could nol suslain varialion U1 speed beyond 

those reported here in. 

3. There was an accompany rise in temperature of substrate pumpecl 

into the column owing lo heaLillg up of lite pUtllP ;.1 1 hig!1 no w 

rates. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Carbohydrates 

These are pnmary products of photosynthetic converSIOn of 

atmospheric carbondioxide ~~ simple sugar (C3 - Cg), which are 

polymerised into various forms. They have a general formula of (CH20)n 

where n ~ 3. 

There are different types of sugar this include Monosaccharides, 

Disaccharides and Polysaccharides . 

2.1.1 Monosaccharides 

These are simple sugars, which serve as monomenc block. 

Examples include: glucose, fructose, sucrose, mannose and galactose, 

which are all hexose (C6). 

2.1.2 Disaccharides 

These are formed from the condensation of two monosaccharides, 

which produce glycosidic bonds with elimination of water Vla 

condensation of -OH on a position and fourth position of the two 

monomers. Examples include lactose and sucrose. 

2.1.3 Polysaccharides 

These are complex sugar with long chain condensed 

monosaccharides. They are grouped into 

5 



Structural polysaccharides are divided inlo cellu l() se all( \ chitin; 

1. Cellulose (pl anls). Made up of [) 1- 4 glu cose; they form rial. shecu, 

with multiple hydrogen bonds belween slrands. Thcy HIT digeslible 

by symbiotic microbes. 

11. Chitin (lypical of insecls and shell fish cxoskelelon ). It cO llf c, ins N­

acclylglucosarninc . 

b. Storage polysacchaddes 

Storage polysaccharides which arc cncrgy providcrs III LIIlimid s 

and plants arc divided into Glycogcn and storci1; 

1. Glycogen (animals): highly branched, one branch pcr lwelve 

glucosc unil, th~111 ::;tarch; glucose unit released by tile enzyme 

glycogen phosphorylase producing glucose + - phosphoLc. 

11. Starch (plants): contains amylose (0., 1, 4 glucose; uililaiw:; 

amylopcclin which is branchcd (11 approxim alely olle per ').;> 

glucosc unit; sin lilar in slruclure lo (J hclix ill prot e i!) :..;; ('oJ'Jl1 " 

helix. 

2.2 Types of Starch 

Twenty percent (20 %») of starch is amylose, which are slraight. 

chain polymer of glucose that occur in the interior of starch granule. It. is 

insoluble in water. 

The bulk of starch is amylopectin - branched D-glucose polymer 

containing amylose and 1,6 branches. They occur in cell Wi-dIs, walcr­

soluble forming gel on absorbing water. 
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_----------- A 1,4 g lycosidic linkage 

.£-._---- Branch point - (I, 6 linkage) 

?.-
~H2 c 

2.2.2 Properties and Reaction of Starch 

Starch exhibits the following physical and chemical properties; 

.:. Starch is tasteless, odourless and insoluble in water at room 

temperature. However, at elevated temperature, it absorbs water -

gelatinization (Nam, 1995) . 

• :. It dehydrates when reacted with H2S04 acid . 

• :. It can be esterified to form acetates, nitrates etc . 

• :. It gives intense blue colour with iodine, this colour disappears on 

heating . 

• :. Partial hydrolysis with acid or enzyme results in dextrin, glucose 

and maltose. 

2.3 Hydro~ysis 

It is an example of solvolysis, which is a nucleophilic substitution 

In which the nucleophile is a molecule of the solvent (solvent + lysis: 

cleavage by the solvent). Where the solvent is water, then the reaction is 

hydrolysis. 
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2.3.1 Acid hydrolysis 

This is carried out using dilute or concentrated acid. Numerous 

workers reported using acid hydrolysis of cellulose to obtain sugar e.g. 

Oyeyemi (1997) reported acid hydrolysis of sawdust recording optimum 

temperature of 800C using 2.5M H2S04 and E a of 57 .85kJ / gmol. 

Auta (1998) , reported acid hydrolysis of rice husk using optimum 

acid concentration of 3.75M H2S04 and optimum temperature of 75 0 C 

with Ea as 9.913kJ/gmol. Other workers successfully carried out acid 

hydrolysis of starch e.g. Dangana (1995), reported acid hydrolysis of 

cassava using optimum acid concentration of 7.5M H2S04 and 

temperature between 70 0 C - 80oC, Ea was 33.96kJ/gmol. Audu et aI, 

(1996), reported acid catalyzed dextrinization of cassava starch using 

dilute HCI like all other workers, showed that increased catalyst 

concentration results in higher yield, obtained 124.7kJ/gmol as E a. 

DEMERITS OF ACID HYDROLYSIS 

Though acid hydrolysis is the most researched and commercially 

applied method of hydrolysis because of the catalyst stability on the feed 

stock and its being readily available, the following counts against it: 

.:. High e-nergy cost 

.:. High ash content in product 

.:. Product toxicity to microbes in subsequent fermentation . 

• :. Requiring large quantity of acid to wet feed stock. 

.:. Poor acid recovery. 
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2.3.2 Alkaline hydrolysis 

This is done using dilute or concentrated alkaline. Bazo (2000) 

reported alkaline hydrolysis of maIze cobs recording optimum 

concentration of OAM NaOH and temperature of 80oC, Ea was 68.96 

kJ / gmol as reported for acid hydrolysis it was first order kinetics. Tsado 

(2003), reported using dilute NaOH (0.5 - 0.6)M to hydrolyze cassava 

starch of first order kinetic and optimal temperature range of 700 C -

800 C with Ea between 50.7 - 53.3 kJ/gmol. Jolaiya (2000), reported 

alkaline hydrolysis of groundnut shell for which optimum temperature 

was 80oC, a first order kinetics with Ea of 65.64kJ /gmol. 

DEMERITS OF ALKALINE HYDROLYSIS 

Like acid hydrolysis there is: 

.:. High-energy cost as well as pretreatment requirement in the case 

of cellulose . 

• :. Requirement of large quantity of alkaline for effective wetting . 

• :. Recovery problem of the alkaline used. 

2.3.3 Enzymatic hydrolysis 

Ogunbayo and Bello (1986), reported using lactozym in hydrolysis 

of lactose, AlIi and Rahman (1998) reported using crude fungal amylase 

in hydrolysis of certain cereal starches, the results . were impressive. 

Ivonye (1998), also reported hydrolysis of cassava starch by fungal a­

amylase at very moderate temperature of 500C. Olatunji and Aberuagba 

(1986), reported hydrolysis of cassava starch using B.subtilis a­

amylase and Olatunji and Ene (1982) also used bacterial a -amylase at 
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temperatures of 600 C and 40oC. Similarly, Agaie (1997), also reported 

use of bacterial a -amylase for hydrolysis of cassava starch the 

temperature was however on the high side, 75°C. 

The process is costly from the perspective of enzymes production 

and its recovery; however this is compensated by its low energy 

requirement viz a vis lower temperature. · The process is friendly to any 

grade of starch with specific products formation. 

2.3.4 Direct microbial conversion 

Ogunbayo and Bello (1993) indicated that B. subtilis is able to grow 

on starch and in the process produce sugar. Peter (1979), reported 

numerous work on starch hydrolysis by various glucoamylase enzymes, 

including use of source microbes. 

Solomon et al (1997), reported direct use of a genetically modified 

Saccharomyces cerevisiae (S. cerevisiaej strain to aerobically and 

anaerobically degrade starch to ethanol with impressive results. The 

application of this process to commercial scale is slow; however, the 

process has stability and enjoys variations. 

2.4 Enzymes 

These are protein molecules, derived from living sources that act 

as catalyst for biochemical reactions. They consist of chains of amino 

acid linked by peptide bonds. The choice of enzyme is determined by 

various factors . Some catalytic qualities of enzyme include: high catalytic 

power, specificity, regulation and possession of active sites. 

10 



The mechanism of e'1zyme cata lysis requires reactants to contain 

sufficient energy to surmount polentia! energy barriers - [Ictiva lioll 

energy. This activation energy may be decreased by a llumlXT (if 

mechanisms, Chaplain and Bucke (1 990) . 

2.4.1 Mechanism of glycosidic bond hydrolysis 

The acLive sile of an enzyme is divided into lwo (2) parts, 'vvll ich 

together determine the type of product formed. These arc: the binding 

site and catalytic site. In endo-enzyme, the active site cleft to the internal 

part of starch resulting in multiple attacks and lower molecul8f weigh l 

products. Whereas in exo-enzyme, the site pocket in to the non reducin r>; 

end of the starch chain producing single low molecular weight. proclu c t. 

Examples are 13 maltose, r ~- D- glucopyranose. 

2.4.2 Amylase 

These are enzymes that are capable of hydrolysing (/. - D - (l -. ~ /I) 

linkages in starch. They can be classified variously Nam (1995) 

.:. Fungal a. amylase: they attack the second linkage from the nOlJ -

reducing terminal (C4), which result in an extensive ureakngc 

with production of maltose . 

• :. Bacterial (1 amylase: this is a liquefying enzyme lhal r8m}(lrnly 

attacks only (1 - 1,4 bonds. B.subtilis u-al11Yl2.s~ is known lo be 

saccharifying enzyme that produces mostly glucose and maltose 

from starch, Moat and Forster (1988). B.subtilis is prokaryolic 

cell, that is a gr'am-positive and aerobe . It therefore secreles C1 

variety of hydrolase's in to its environment. 
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Robyt (1984) proposed that a-amylase have multiple attack 

mechanism. 

2.4.4 Kinetics of enzyme Action (Michealis Menten 

mechanism) 

It is established that enzymes form complex with their substrate in 

the course of their catalysis and prior to the release of products. This 

can be summarised thus based on Michealis-Menten mechanism for one 

substrate reaction. 

E+S (1 ) 

(2) 

. d[~] 
. It has been establIshed that for steady state -- = 0 . . & 

[ ] 
k2 [sl[ E] VrnaJS] 

So that r = k2 ES = [S] = [S] K 
+K/II + /II 

(3) 

Using various data and the Lineweaver-Burk plot, which IS the 

most preferr~d, Vmax and Km. can be determined. Note Km represents the 

extent of binding between the enzyme and its substrate. 

Enzyme action can be affected by inhibition, pH, wnlC strength, 

temperature etc. 
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2.5 Immobilisation 

This is physical or ch emical bindin g of <.l It e nzym e or ce ll I() ~ l 

support m a trix, which is no t essenLi a l to the ac tivity of Lh e en zy me o r 

cell. The history of this Lechnology shows it is old a nd h as R prida l pl ()ee, 

(Ikediobi and Ukoha, 1991) . The ra tiona le behind tb e technology has 

been discussed by s eve ra l worker s , (Cha pla in a nd Buekc, ] 990) (S iLton 

and Gaddy, 1980) (Pe te r 19 79 ). 

Sitton and Gaddy (\ 980) reporLed u s rng S. cerevis iae on I<c]schi g 

nng in immobiliscd ce ll reac tor Lo conv ert glucose 10 c lil cHI OI. Til ey 

reported over 60% conversion, a resulL 4. 2 Limes be ttc r Lh a n the sLirred 

reactor, with regcn e ra tion a bility a rno ng o the r a dva ntages . Ogul11Jayo 

and Bello (1986) reported immobilising lac tase on R./lOolceri chips ror 

lactose hydrolysis. The re r. utts showed tha t the system could be s la ble 

with a performance improvem ent 100°;;) be t.l.er tha n th e u se or fl '(T 

enzyme. They also repor Le cl tcs ting binder effec t: O g unb8yo P\f, Be ll o 

(1986, 1993b). (sa (2002) reporLed ill11llo bili s in g S .cerevis iue 0 11 G ill e 

sugar pulp, maize cobs a nd wood 1.0 lise in conve rLin g glu c() se 10 

ethanol. Ogunbayo and Bello (1993) reported hydrolys is of caSS<lVl1 

starch using B.subtilis im.rnobilised on R.hooke ri chips ) t.h e res ult s howec\ 

. that 15% of the ce lls were not imrnobilised while th e glucose yield vms 

6g/1 in 5hrs . Immobilised cells h a ve lon g s ince found u se in p rocess 

industries. 
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2.5.1 Mechanism of bacterial iInlnobilisation 

Ikediobi and Ukoha (1991) reported that all I.h e CO ll VC l1li oJl fl l 

methods of enzyme immobilisation arc applicclble 1.0 cell imtnol)i lisfl (iOll . 

. It is proposed that since bacterial cell m embranes contaill lipoprotein s 

with lipopolysaccharides extending from m embrane, the orga ni s m uses 

this glycoalyx structures to enable iL aLlacll to inert mat.erial s . 

2.5.2 Raphia sudanica 

Our support in this work was sourced from R. SllcicHI.icCl (tukUI 'UW,! 

111 Hausa). It abound in swampy areas in savanna counlries and is 

characterised by stout trunk 2-3m and can reach 8m high. lLs leaves are 

as long as 10m, stiff and upright; they -can have secondary branches 

(Keary, 1989) . The branches (leaves) are mostly used for c hairs, bcd, 

food stirrers, mats, hand WOV C Il fa n flllcl twig for binding. Th e co rte x 

from debarking the leaves was used as support. maLeri a l in lhi s rcsc:=ll'c ll . 

2.6 Immobilised Enzyn"le Kinetics 

In order to express glC?bal rate in tc rms of bulk properti es, 

expression must be formulated for each of the steps in the overall 

process of converting rear:tants to products. In heterogeneous ca taly s is ·· 

these have been enumerated (Smith, 1984). 

Two cases are possible i.e. 

i. When enzyme is immobilised only on exlernal surface of supporL, th e 

effect of mass transfer would need to be determined through lhe usc or 

dimensionless parameter Da. where 
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D = v'"ax = max imum reaction rate at the sup port surface 

a K,S" maximum mass transfer rate 

this is provided for where 

observed reaction rate 

17 = rate without mass transfer resistance 

xj(k+x) 
- l/(k + 1) 

v S 
For D ~ 0 17 = 1 tl'ien V = ",ax () 

a' K S 
m + " 

l + k 
and D a »1, '7 =0' V = K,S" 

a 

(4) 

(5) 

(6) 

(7) 

·; ii. A case where enzymes are entrapped within permeable matrix, which 

.; necessitates solute and product diffusion through pores. The rate of 

diffusion of all species· is under the influence of certain factors, defined 

with operating equation in Bailey and Ollis (1990) . 

Algacyr (2001), showed that immobilized enzyme kinetics (activity) 

is affected by the size of the carrier matrix . 

. 
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3.1 Materials 

CHAPTER THREE 

3.0 METHODOLOGY 

The following are the materials under various categories used in 

this work. 

Table 3.1: Chemicals and Reagents 

Chemical Reagents Source 

Basal medium and nutrient agar Analar 

Calcium chloride Analar 

Sodium Hydroxide Analar 

Copper reagent Analar 

Arsenomolybdate reagent Analar 

Hydrogen chloride Analar 

Acetic acid Analar 

Starch BDH 

16 

Comments 

commercial reagent grade 

commercial reagent grade 

commercial reagent grade 

compounded 

compounded 

commercial reagent grade 

commercial reagent grade 

commercial reagent grade 



Table 3.2: Equipment 

Equipment 

Peristaltic pump 

Column reactor 

Spectronic 2D 

Source 

Masterflex USA 

SEDI, Minna 

Spectrophotometer Miltonroy' USA 

Jenway 6051 

Comments 

for feeding of substrate to column reactor. 

Reaction vessel for holding R. hooken chips. 

Optical density determination 

Spectrophotometer Jenway USA Optical density determination 

Water bath Grant instruments 

Oven 

Flask shakers 

Centrifuge 

R. hooken chips 

Auto clave 

pH meter 

Microscope 

England 

Gallen Kamp 

Gallen Kamp 

Gallen Kamp 

Conling purposes 

heating substrate and drying 

Inoculums preparation 

Aliade, Benue state immobilization support 

Indian Co. USA sterilization 

Crison Barcelona Spain 

Carl Zeiss J ena 

3.2.1 Microbial morphology 

Nutrient Agar powder weighing 3.6g was dissolved in 100ml of 

distil water, the solution was sterilised in an autoclave at 121 0 C for 15 

minutes, then allowed to cool to 450 C - 50°C. It was thereafter dispensed 

into sterile petri dishes which were earlier sterilized at 1600 C for 1hr. 
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and incubating for 24hrs at 37°C. Grams morphology was carried out for 

the micro-organism by using Grams Staining Technique (see appendix 

A) . 

3.2.2 Inoculum preparation 

Three conical flasks were sterilised at 15 psia and 121 0 C for 15 

minutes with each containing 200ml of nutrient broth. Each of the 

flasks was inoculated with B. sU"btitlis and allowed to grow for 24hrs on a 

shaker. This was the inoculum culture. 

One litre of basal medium was prepared and transferred into the 

conical flask and sterilised at 121 0 C and 15 psia for 15minutes. The 

medium was then inoculated with the inoculum culture and refrigerated 

as stock culture. 

3.2.3 Bacteria cell standard calibration curve 

An aliquot of cell suspension was taken from stock and attuned to 

a temperature of 370 C for about 10 minutes, then centrifuged for 15 

minutes, washed, filtered, dried and the weight of the cell per millilitre 

determined. Five millilitre of the cell suspension was taken and made up 

to 100ml from which 5ml were taken to prepare serial dilution of 15ml, 

20ml, 25ml, 50ml and 100mi. The optical density of each dilution was 

determined at 420nm against water blank and calibration curve was 

then prepared. 
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3.2.4 Sugar assay 

The method used was Somogyi-Nelson where O.5g of dextrose was 

dissolved in 1000ml distil water. 1ml of the solution was variously taken 

for a serial dilution of 1000ml, 500ml, 250ml, 100ml and 50ml. From 

each dilution 20ml was taken and 2ml of copper reagent added to it. The 

solution was boiled for 12 minutes and allowed to cool. Two millilitre of 

Arsenomolybdate was added to the solution followed by addition of 5ml 

water. The optical density of each solution was determined at 520nm 

against a blank. 

3.2.5 Optimum substrate concentration determination 

Two gram of starch was gelatinised by using boiling water and 

bringing up the volume to 700ml. From this volume 35ml of the gel was 

taken and put into a conical flask and placed in a water bath at 40oC. 

Separately, 0.5ml of cell was taken and made to 10ml by adding water 

while O.Olg of CaCb was dissolved in 10ml of water. This was added to 

the prepared cell solution and mixed thoroughly. This mixture was used 

to inoculate the starch gel in the water bath. From the inoculated gel 

2ml of the mixture was taken at interval of 5, 10, 15, 20, 25 and 30 

minutes, each of which was terminated with 2ml Acetic acid and allowed 

to cool, then filtered. 

From the filtrate 1ml was pipetted into a 25ml flask and 1ml of 

copper reagent was added to it and mixed. The solution was 

19 



covered with foil paper and boiled for 12 minutes after which it was 

cooled under running tap water. To the now cooled solution 1ml of 

Arsenomolybdate was added followed by 5ml of water to brighten the 

colour developed. The optical density of each solution was determined at 

520nm against a blank. The total sugar concentration was determined 

from the Glucose Standard Calibration Curve. The procedure was 

repeated for 4.0g, 6.0g, 8.0g, and 10.0g of starch. 

3.2.6 pH and temperature effect on starch hydrolysis 

Starch concentration of 0 .0528g/ dm3 was chosen to determine the 

effects of pH and temperature on the hydrolysis. O. lmolar NaOH and 0 .1 

molar HCl were used and the pH of the gel attuned to pH 4 .0. The 

process of hydrolysis as in 3.3.5.1 was repeated and appropriate 

measurements taken at various temperatures of 50oC, 600 C and 70°C. 

The process was repeated for the pH of 5.0,6.0,7 .0, and 8.0. 

3.3. Immobilisation 

The cell support i.e . R.sudanica chip was treated by boiling until 

decolouration of water stopped to extract soluble contaminants after 

which it was sun dried for 2-3 days. The column reactor was randomly 

packed with the cell support and its top plugged with cotton wool. 50ml 

of cell suspension was made up to 1000ml by adding water. This was 

placed on a shaker. Using the peristaltic pump, the cell solution was 

transferred into the reactor at a flow rate of 12ml/min for 24hrs. The cell 

solution was continuously recirculated and the extent of retention 
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monitored hourly by taking optical density of the effluent at 420nm 

against water blank. 

3.3.1 Stability of immobilised cell 

Using a portion of the chips and the pump, a substrate 

concentration of 0 .0528 mol (8.571g/dm2) at pH 5.0 and temperature of 

400C was transferred up the reactor at 12ml/min. After the transfer, 

samples were taken at 10, 20, and 30 minutes and the total sugar 

determined as in 3.3.5.1. Several other runs were carried out using the 

same cell support. This was to determine how many effective runs a 

particular support charge could sustain. 

3.3.2 Optimal flowrate 

The reactor charged with cells on carner was used for starch 

hydrolysis. The substrate as in 3.3.6.1 was fed in, samples were 

collected and analysed. This was repeated for flow rates of 15ml/min, 

20ml/min and 24ml/min using fresh carriers of immobilised cells in 

each case. 

3.3.3 pH and temperature effect 

The reactor 'was lagged using foam then charged with the carner. The 

substrate as in 3.3.5.2 was placed in a water bath at 400 C and pumped 

into the reactor for hydrolysis. Samples were taken at 5, 10, 20 and 30 

minutes and analysed as in 3.3.5.1. The process was repeated 
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for 50oC, 600 C and 700 C at the same pH and for pH of 5.0, 6 .0, 7.0 and 

8.0. 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION OF RESULTS 

4.1 Results 

The results is presented as follows: 

4.1.1 Effect of Substrate Concentration on Hydrolysis of 

Starch by a- Amylase 

Figure 1 shows a plot of sugar concentration vs. time at various 

concentrations of starch. From the figure, it is seen that with increase 

in concentration of starch, there is a corresponding increase in sugar 

produced. The plots of each concentration show characteristics typical of 

enzyme reactions. 

4.1.2 Effect of temperature on hydrolysis of starch by a­

amylase 

Figure 2 shows the plot of sugar concentration vs. time at various 

temperatures and pH 5.0. The figure shows the best production at 50oC; 

however the plot is typical of that for an enzyme reaction. Figure 3 shows 

a plot of initial velocity, Vo vs. temperature in which there is a rise in 

velocity climaxing at 500 C for the free process. 
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4.1.3 pH Effect on hydrolysis of starch by a- amylase. 

Figure 4, a plot of sugar concentration vs pH at 50oC, shows the 

sugar concentration rapidly rising until it climaxed at pH 5.0. This was 

followed by a rapid decline until pH 7.0. 

4.1.4 Retention of Bacillus subtilis on Raphia sudanica 

chips during immobilisation. 

Figure 5, a plot of B. subtilis in effluent vs time showed that the 

cell declined bihourly until the 19th hour from which there was stability 

(no decline). 

4.1.5 Flow rate effect on hydrolysis of starch 

Figure 6, which.is a plot of initial sugar concentration Vs flow rate, 

indicates that concentration continually declined with increased flow 

rate. 

4.1.6 Temperature effect on hydrolysis of starch by a 

amylase from immobilised B. subtiZis 

' . 
Figure 7 shows similar characteristics with Figure 2. At a pH of 5, 

Figure 3 shows initial velocity, Vo vs Temperature where there is rapid 

rise in velocity until 50oC. After this, the rise is slower until climaxed at 

70°C. 

24 



4.1.7 pH effect on hydrolysis of starch by a amylase from 

immobilised B. subtiZis. 

Figure 4 shows a rather gentle rise in sugar concentration, which 

climaxed at pH 5.0 and was maintained until pH 6.0 after which a 

rapidly declining productivity set in. 

." 
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4.2 Discussion of Results 

4.2.1 Optilnum substrate concentration 

In this work the optill.lIm substratc concentratioll was U.U5(i 11ll1J1. 

Figure 1 show the effcct of ~)tarcll concc lll/"atioll on 13. sulJfilis ( Y clllly l;IS(' 

activity at 40°c and pH of 5.0 which <.lgrccs with tbe usua l Micll ae li s 

Menten curve which was reported. Olat.ullji and Ene (19R2), !:-l S wel l as 

Olatunji and Aberuagba (1 986), and Ivonye (1998) reported a hi ghest. 

substrate concentration of 0.01232 mol (2 .0 mg/ml) and 0.050:2 11101 

respectively. However, the conce ntratioll of 0 .0528mol W8 S uscd rur 

subsequent studies. Figure 2 shows UI C erfcct or LClllPcr;,l.U/"c Oil 

hydrolysis of starch by B.su.btilis oc omylasc (It optilllum tempcrnlurc eJll(1 

pH. The result showed thc kil1etie ch a racleristic where the Michae li s 

Menten curve of rate of rec,c tion, V vs substrate COl1CCl1trnt iOll, S was 

obtained (Figure 8). 

4.2.2 Use of Michaelis Menten equations 

l · B 1 1 [J ]. l?' T71) V Fr01n tIe Llncweavcr- . ur { p at 0 - VS - , [' 19urc r . L,) 111,I X was 
v S 

found to be 40.00~l mol/ min while Michaelis Mentcl1 cOllsl[lIll, 1<111 W[lS 

0.03352mol (S.44mg/ mI). Olatunji and E:l1C (1 982), Agaic (1. 997) r.1I"Icl 

lvonye (1998) reported 947.99~l mol/ mi.1l (153.85 pg/ ml min), and 

0.03623 mol (S.88mg/ml), 919.46~l mol/min (149.22~lg/ml min) Dne! 

O.03232mol (5.245mg/lnl), and 13.99~l moll min [2.27~l g/ ml min] and 

0.44Sm mol respectively as value for Vm ax and Michaelis Mcntcll 

constant Km. Olatunji and Abcruagba (1986) reported 22001t mol/ mi II 
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(357.14~g/ml min) as VmRx . These results show that Kill is witiIin the 

range of 10-L10-5 mol (Chaplain and Bucke , 1990). 

To confirm the Km val ,Jc the dircc t linc8 r plot of V vs S was ca rri ed 

out as recommended by Hcnderson, (Eise n thaI and Danson, I g<)2) 1<"1 

was ~ 33.53mmol. The OCCU cTence of the intcrcept in the Lhird quadrallt 

indicates that the starch concentraLion was small as co mpa red to K"l. 

There is a need to evaluate the effect of several starch con centra ti on ;'1\. 

optimum pH and temperature Lo ascert8in the Km and Vmm:, which nl"C' 

intcrdcpendcn l. 

The Kill valuc obta incd in this work suggests tha t. th e afrinity ur ').­

amylase and sLarch may be slightly affccLcd by oChcr fac tors hcyolHl 

source of Bactcrial ex: amylaf~e and starch, sincc this resulL is cons ist c lll 

with others. 

The proposed mechanism for starch - B. suhtilis ex: LlI1lV\DSC I S 

based on the mUltiple attack mechanism (Roby t, 1984) that involve 

Mass transport of B. subtilis r:r. - amylase 8 nd starch with 

formation of E-S c Hnplcx a t clcclva(sc. 

11 Chemical reaction involving hyd rolys is of 1,6 a nd u:. 1,1 bond s 

( saccharification) 

III Diffusion of the cleavage products a nd subsequcnLly cnzy me 

and substrate. 
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4.2.3 Effect of temperature on starch hydrolysis by B. 
subtilis a amylas~. 

Figure 2 show that the optimum temperature for starch hydro ly sis 

was 500c. Figure 3.0 shows the effect of temperature on initial ve loc ity VI) 

at pH 5.0. For the free process, there was a rise in V up till 50n C. 

Olatunji and Ene (1982) reported optimum hydrolysis lempera ture of 

600C (maize) and 400e (potatoes). Olatunji and !\lJeruagba (1986), Agel ic 

(1997) and Ivonye (1998) reported tel11pcn·lture~ of 60"C, 75"C (l1lc! 5()IlC 

respectively for cassava. This temperature 500 C falls wilhin the: rclllgc (lr 

temperature for maximum activity by B. sU/.Jtilis (40 - 60oC), regard less 

of pH. This range was fa:rourable and possibly subject to subslrate type . 

It is likely that at temperatures higher than 500e t.here may begi 11 to be 

bacterial mortalit.y, or denaturation of enzyme produced, or the bacterial 

physiology is affected. 

Figure 9, a plot of Ink vs ~ wi t.h k val LlCS olJtaiLlcd from Figt II 'C 

F14 shows a negative slope for the enzyme reac tion, and give ,UI E:" v;l luc 

of 6.593kJ / mol. In earlier work Agaie (1997), [vonye ( 1998), Olatul1j i ;:11](\ 

Aberuagba P986) and Olatunji and Ene (1 982) reported 9.56kcljgmoJ , 

18. 165kJ/gmol, 46.68kJ/gmol and 18.548KJ/g mol (4.43kcaljgmoic) 

respectively. Olatunji and Ene (1982) quoted a recommended range of 

8.8-44.03lcJ / gmo! for enzyme catalyzed reactions. The value of 

6.593kJ / mol is outside the lower limit; it implies that t.he reaction 

should proceed at a fast rate at the reactive sites with the prese ll ce of 

the ex. amylase catalyst. 
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4.2.4 Effect of pH on starch hydrolysis by B. subtilis of.. 

amylase 

Figure 4 shows the eJIeet of pH on enzyme reaction a t nplinlLlI1J 

temperature of 50oe. The result indicate s lhat the optimum pI! is 5.0 . 

Olatunji a nd Ene (1 982) reported optimulYl pH of 6 .5 for ITl8 izc starch 

and 6.8 for polatoes starc h ; Olatunji aLH.lI\ IJ(~ ruaglJa (1 CJ86), /\gaic (J 99'7) 

and Ivonye (1998) reported 6 .0,7 .0 and 6.0 respeclively as pH valLles . /\11 

these values conform to r~portedly established range of pH 5.8S-7 

(Wong, 1995) for ex; amyla~.e from bacteria. This resu lt is typiccli uf 

enzymes, as they are affected by ionic efrect and carboxylic acids, \vbich 

are denatured at low or high pH. At the optimum pI-I, l1lclXirm..ll1l number 

of active sites is available. The result in this work was obtained whilst 

substrate pH was attuned to the desired level, perhaps the resu lt.s Ilwy 

be verified with both substrate and inJloculums 8tlunecl to des ired pi 1 

before inoculation. 

4.3 Immobilization of B. subtilis on R. sudanica Chips 

Figun'(. 5 shows a continual decline in cell concentration though 

not rapidly- perhaps because of the colorime ter used at this stC:lge - t.h e 

bihourly decline stopped a fter the nineteenth hour. OguniJayo ~nd Be ll o 

(1993) reported the same lrend while using an average flow rate or 

5ml/min and stability after 18 hours. This result indicates that at. hi gher 

flow rate more tiITle will be required to allain stability . 

Figure 6 which is a plot of sugar concentrations with time vs now 

rates shows that the optimum Dow rate is 12ml/ min. This flow ],(:l tc 
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allowed for maxImum enzyme - subsLrate conLacL Lime in the column. 

The higher velocity perhaps do not allow f()r enough if.. <llllylclSC - sUIre\) 

cleavage . The stabiliLy of this system was tested at pll 5.0 and 4()OC. The 

result shows that one chat ge stood 5 runs, declination lJowcvcr s tarled 

after the third run. Ogunbayo and Bello (1986) reported lhat lacloT-ym 

enzyme immobilized on pa lm woodchips stood 3 runs without. binder, 

while in bounded form the enzyme stood 3 and 16 runs with various 

binders. 

4.3.1 Use of Michaelis - Menten equation 

Figure 7 shows the kinetics characleristic where Ule Mi c hCle lis -

Mellten curve of V vs. S was obtained (Figure F 17) from the Lineweaver _. 

Burl<: plot V11lax was found to be 125~l mol/min while Kill was 0.05044tr1ol 

(8. 19m9/ml}. This value of Km is at variance with earlier submission. 

However Olatunji and Ene (1982) noted that V lI1ax and Kill increases willI 

increase in ex: amylase concentration. High Kill translates 10 lower ( r 

amylase - starch affinity (Chapla in and Bucke, 1990). ViSllD I i nspccl ion 

of Figure 1"16 indicates non linearity and seemingly scattered dal<.l, 

though a line of best fit was employed, this indicales that perhaps 

Michaelis - Menten equation is inadequate or the assay needs to be 

improved or there was a systematic error (equipment) or excessive 

variability in velocity measured. This value of KI11 was confirmed by the 

direct linear plot, and found from this plot to be O.0552mol. There was a 
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C8 11SC is as prcv iol1 ~, l y di sC li sscd , 

It '/ ' , lilC ~ys l,cm <lIlti I~y illl IJli e<Il,i()1 I Il)(),-e " , r\l Il ,\ ' I ~ I S(' pi (1du('( 'd , II .su. ') [.I S III ,> 

only exlernal c1iffu s ioll of s ( rt rclJ I() w;lnl s 111 (' s\lrh('(~ ~ IIHl ~; IIWll ;1\\';1\' 

from iL in se ries \.\lilh th e C8(illy lil ' ( ' ( lII VC I S ioli or : ;\ ; 11( , 11 III ~ ;I Ii'': 1 1 

occu rring al. lhc s urfaLC , Kill lws IJee ll SI)!)"'ll In 1)(' ill(lr ' I)( ' Il<I( ' 111 Id' :-;" , 

which V:'II ic s wil.h Un , 

4.3.2 Effect of tClaperaturc 011 starch hydrolysis by ' 1.-

anlylasc fro~ inlmobiliscd B. subtilis. 

Figure 3 shows tllc effect of LClllpCl"(l(urc Oil ilii::',1 \'('I,wily VI' ; Ji 

respectively for th ei r processcs, Tili s n: :.; ull ( '~ IIIII!)( 1)(' lIll( '(IIIII"'i r ' (1 \\'il ll 

thc heat lr811sfcr codficient for lil c c lliliS ill li S ! " :~ll ('111'11)1'1 " :-: \1 ('1 illl"III' ; 

would bc necded to confirm thalth e rcacLi()ll LClIlper Dtlll"l' ill I 1 If' ("() 1111 1I11 

was cxacLly 700C as well as erred of c hips s i ze 011111(' 11 l('(" II :llli s lll . 

However, Wong (lY95) r cp0rled lIwl the l elll\lCr;I(IIIT (lplillllllll III I" 

activity valucs !Jet\veen 70 and 72 0 C for tilt' '"I".. <llllylasc Pl orill(Td I I\' H. 

slliJliiis , This goes to say tll a t the ellzYJIl C in thi s CX[)l'l illll' IlI , ill PI! '~; ( ' 1\1 

of Cn" was greatly favoured by the tCl1'1)CrntIIIC uf ,(O"C. 
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I '1'1 I L r I I 111 I' I' )! III '(,' ( I ',·,' II {)\\ ',' ,' ,' I 1l<'!',: lli \' ( ' ~: I (l l )( ' 1I I1 II \(' I C P () 0 \I < \IS , T ' 

high qU:l.lltit y, IT qllil!'d i l1l('c tilll(':'; 11\1' ( ' II( ' I'f'Y ill il :; lit T ' : 1: 11, ' III 

uvercome pot.clllinl CJl crgy \):Irricr. 

4.3.3 Effect of pH on starch hydrolysis by cy:~ - atnyl,-,sc froJn 

imlllobilised B. subtilis. 

Figure 4 shows' a pl()t uf lSI vs, I'll :ll [lIe ( icll'1I11!1l( ' , 1 1I I 'li ll! ! 1I1I 

tcmpcnllure, The resulL shuws o ptimul1l prutill c li \' il y : 11 1111 (If :-i.() : llltl 

(j,O for lile illllllUbili sC'd process , 1I o\.v('\,(')' fI n J11 Figlll( 7 ;\! p i! :,() 111('1(' i' : 

processes , The a!JsunliLy ;s lhat (ll low pJ I pi ' I ,U I ~ '~I \\ ' ~ I S :lJ ' jl ' ( ' i : ll : l \' 

high illdica tin g less inle n se dCllalun.llioll a ll Ihe pnrt or Ill(' (' 1l ;'~ \ ' lli(' ;l l lcI 

mort a lity on [ll C p<ul or th e bacterin , The ;;llknlill c C()llI('11I o f Oil" :'; llJlprll l 

,-
c hips is pcrll8pS rcsponsible , ill Ih a l il i [-; Glp:liJl{ ' Dr 1 'C{ !Ll (' il,! ~ I ll<' ; \('i <lil \' 

of the SySlC lll to a ra n ge tld.c rable ror lh e iJar-l c ri:\ :l1HI r- ()l l ~;('{jll('1111 \' lor 

C II ZYIllC prllc\uclioll , Fl.IrLiI C I'1l10rC, lll c pll upl i1l1LlIIJ r()1' . f :lIl1\'l :l~';I ' fl lllll 

B. su/Jfilis is 5,85 - G,O w1.lic h i s close lu (li e pi! op tillllllll 1'( 11 11.: :II /,{iir :-: , 

7,0 (Wo n g, 1995). Thi s may h avc b een a )' caS{) 11 [01' tilt' Ili l~ Ii 1III)clllI ' li(1I1 
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of SURCI!" witlH'ssed for pll uf S.U (1 1HI (>.ll ill Ill(' illllllld ) ili ~;('1 1 PilI/I "; ' :. 

Tllis ["wecis to I)c il lVl's t ig; : tnl a:; jJlt'\'i () 11 :;I y (11 ) illl'( I. 

, It i s I i k c: I y til ; 1\ t1l c )" cis (" \ I () \ V I 11 ; I S: : I 1 ; II I S r(' r I ( , :.; i :.; I ; 11 I 1"(" ; I I II I I! Ii '; i'; 

likely bCGH1SC uf llOll - isol!'lerll\rl l UPC I ("lliul1, \Vll iell (llil y 1"IJrI:: 1II'dl ' llI'l' I I I 

lhe caltfor improved tCJJlperalurc Ill Ollitu)" I)(llil ;11 ilill'[ ;11)(1 DIIIII ' I IlJ 

wiLhin the column; therefore regime i s n. Icncliull linlilcd )"Cgill){, . TIII ' II ' 

could be abrasion arisilg from fluid furc('s whi t h 1l1 ; \ \, re sull III 

denaluraLion of the enzyme, which is p)"u\) ;l lJ ly r('~;pol1sihlc [(II" rll ; I:;li (' 

drop in V after the inil.i:11 Ligh V of 120 x 10 ('lllOI/lllill ( :-;(T Fil ~ lll(' :1) . 

llallson (Olalunji <tnd Ene J()B2) lias SIIUWII lil;1I IJI)I 111 :111\' 

enzymes alld degrrld(~t.ion of linear slllJstr;llC', h ewing Illn)"c' 1" :\11 II _. I 

CICC1v clgC, lJ ave t.heir killdi es co rrec tly p)"cdic;llccl bv Jlvli dl;wli: ·; [\ ](-1 1!I ' 11 

equaLion. 

Comparatively, tile optimum pI! slIill'd for oplilll<d ' I,.- l i,· il \, (d 

amyl ase from bollt free alld immobili ze r! l3.Su /Jlilis IS IIJ(' ~:; IIlII ' ; 1:·; 

cotalysl 111 slarch hydrolysis and tbeir d CII :ltUl'atioll IS Siillil ; lY : \1 pll 

higher th Oll G.O. The illll110bilized J3. Su/)lilis shower! (l l;lIl i!,( ~ \\'ililil l 'x llil ' ll 

mllch sugar Crill be proclllccd i.c. pI I. ;; .U - (,.() . 

Tile best calalylic acLivity of flc e /I .'<-;II/)Ii/i .'~ · ( " :1111 .\' 1 ; 1 ~ ;(, ill :;1;11 (,11 

hydrolysis is achicval) le at lower lCJlIpelalure of ;june, wllil( ' III : !l I'>Y ' f 

amylase from immobilized J3.Sublilis is at higher TClllPCrullllT (,I' '1 () ' \ ' 

This cou ld bc at all exlra el.,st lo a prodllct iOl1 process . 

From Figlln; 8, tile Kill or O.OJJ52I1lul 111I' the hydro lysis (d' s tarch hy r - ;lI11 v l ; l :;C 

li'oll1 free IJ.SII/Jfilis indica tes a lligh rx:. amylase .. sla rch (l rrillity, Illal is c\' idl ' l1l ill IIIl' 



lllw\'!" <l l: li vnlioll l'lll'lgy or lilc syslcl1l. W ll l' l e; I'; rl'll1l I: i,_'.lll\, I II Ill l' 11 \ ' dllll \ '~ : i ': III :: 1;11 ,,11 

h Y'f_ ;lIll y la SC rrUIII illlllloI Jili t .l..·d IJ .,)'/Ihtil is 11 :1:: ;1 Ili l~ il \(11' I) .O.') () .. IIIII'" ;IIHI j )\ illll"i l'; lli ' l\l 

lower ':r:. ;lIll y lase slarcll anillil ." CI) Il SCqllCllll y liigll l' r ;1l ' li\-<llillll C W ' I)'.\ ·. 

Fr(lill Figlil e l) thc lown Fo slluws 111 ;1\ lli e rl CI' Cll tY llll' ;\Cli\'(' sil l'" : 11 \' ;1\';1il;"" ,' 

ill concd ori c ilialioll ;lIld spec: fi c il y tllu s lI S illl~ Ih l' il Ilindill )! l'II CI)~Y 11I ;l\ illl ;1II \ 1111 (' ,111 \' 1' 

rree ellergy or trall sitioll slate. Oil Ille otiler 11:11\(1 til e Iliglwr 1-:" or 2. )(, 1i.l /1I1111 1111 11 \1' 

illllllobili zed systelll illdi e<lles the elTec l ()r 11l ; 1 ~;S Irall :; lCr res ist;\lH' l', aeli \' I' sil l' 11I ,1i 

ilvnilability because it is w roll gly oriellled - Ili l' ICi'l lll ' ;1 lo \\'l'I ;d ·lillil ), . II i ~: n idl' lIl Illtl 

lilnl Kill is dependent Oil subslrate eOllcelltlatiUI1. III spil e or lil e IIl \\'l'I' ;!nil,il y ,:x lli"i",,1 

by the illllllobilized systell1, ils rale or rC<l c lioii V,,"" C Il ~; III CS ;1 lli )', IIl'1 "1 1j ~; 11 \111111111'1illll 

withill a sllorl lime. 

44 



CHAPTER FIVE 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

Results of kinetic experiment show that the hydrolysis of starch by 

free B. subtilis a amylase is within the limit of this experiment 

predictable usmg the Michealis Menten equation. Under defined 

conditions, it was observed that Km IS 33.52 X 10-3 mol while the 

maximum rate of hydrolysis is 40.0 x 10-6 mol/min. The optimum 

temperature was observed to be 500 C for the hydrolysis of starch by free 

B.subtilis a amylase. The activation energy of the enzyme reaction was 

6.593kJ /mol. The optimum pH of 5.0 agrees with appropriate operating 

conditions of B.subtilis. 

On the other hand, during the hydrolysis of starch by immobilized 

B.subtilis a amylase, within the limit of this experiment using Michealis 

Menten equation, it was. observed that the Michealis constant K::''' is 

50.44 x 10-3 mol and the maximum rate of hydrolysis ~:~: is 125.0 x 10-6 

mol/min. For this process, the optimum temperature observed was 700 C 

while the enzyme reaction activation energy was 22.6kJ / mol. 

It was observed that a charge of immobilised B.subtilis a amylase 

can be used effectively for three (3) hydrolysis for best results, however it 

can sustain 5 runs. The optimum flow rate is 12mL/min. 

The Da of the immobilised process is 0.00158 indicating a 

reaction-limited regime while the effectiveness factor Il is 1.996 showing 

. that the velocity observed with mass transfer resistance is high. 
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/\ cn t [dysl cilici c il cy is ddillCd by il :-; ; ")ilit \' til l -f)II:-;i<l"1 ;11,! ,- 11 ) \\ ( ' 1 

tile rcnctioll acLivnlioll C!lCI!!,.)'. ill ojcicr \\-(llIl s, II S I ' s lIl ;JiI f ' I II' I '~' - I I) 

OVCrCOl1lC tllc p()lc nti ~d CI\ z: rgy barrier or illt' IC ': lClil)l1 _ '1'111' Ilf'(' 1 : _ '~ III, (,Ii' ; 

ror tile reasons previous)y discussed sll{)W S ;111 ()v(T '( en;, dril -jl' I1f ' - 1) \' 1' 1 

the il111110biliscd CI1 7,Y "Il' in servill[', ; I S 1 ; 11 ; 11 \,:; ( Inl s l :1I T ll 11 -" 111 fd , -:: i :; II \' II 

amylase. 

5.2 Recomlnendatioll 

1. Tile purificalioll process for t.he 1?"" lI c/(/lIinl l1 eed 1)(' illll)l() vc'cI I )\, 

invesLigating the IlulIlber of LJoililigs IICCC::;S:\I -Y 1.0 OIJt.; ,ill pIli (' 

ch ips, and the PC?!')siLie use of sulve'lIl uliler 11](111 \\';11 (T 

2. The effect. of lelllpcr:llure 011 illlJlloiJili snLioll of /J. s /lI ){/I/:.:; (" : 111 !w 

investigated for in'lJrovec\ ilTllllol)ili s;1I iClI1 I illl C' _ 

J . Tile stability lc!')l Ileecls Lo be CUl1dll Cl.l'r! WII(, ll lliele W(luld 1)(' ~i () " ; , 

drop ill productioll. 

4 : The lemperature wilhin the COlUllJlI n ced be lllOllitmcd ; t1('" g ",itll 

lile substrate slock temperat.ure <lllril l g Ily dnll vs is 11 : :111j', 

imll10bilised cells. 

5. The ,.effect of extcl"ll:)1 JJl<JS S (1';.111::;["(, 1 Icsi s l;lI1 cc 111'('(1 If) 1)(' 

invesligaled using bcltcr perfortlling p c rislnlli c pllll1\-1 111 ~ 1l gi"I ' 

both lower and higher Dow rales. 

6. The optimum pH in both the free (\Jlel illllllOiJiliscd PInCl'!': S l' !'> 111 '1' <\ 

to be confirmed by incubating bolll s\lbst.r ~ Ilc (l1ld i1l1l0t' l1it1111 

(chips) at desired pH before use. 
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H" Th e (' ["ke l 0 [" s uppo rt (' Ilip S f?"I' O il II I(' III< T h :lll i ' ; 111 11"11 ; 1111('11 "1 ': 

n eed s l o be i /1 v c s l iga tr. t1" 
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Illic roscopc at x LOO uh.iCd.ivc oil illllll<'l:a'<i . 
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APPENDIX C 

METII0D). _"M,. __ ~,_. _._ .• __ ____ _ . __ 

ill w81cr ;tIlC: Illnkc up VU IIIIlI( ' I() I ()Ollli w illI r1i ~ d il ,,\'; 11('1 . 

1 - 2 drops of cOlleenl r[ tI ('[I 11 . 1~~ () I 

Mix '2S parls or solutiUll 1\ ,wei I pnrl. or ~;()illli()11 n 



APPENDIX D 

Table D 1: Reading for Glucose Calibration Curve 

Concentration (gil) X10-3 

0.250 

0.300 

00400 

0.476 

O.D 

0.126 

0.152 

0.202 

0.242 
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Table D2: Reading for B. subtilis Cell Ca libra tion Curve 

Concentration (g/ml) X10-4 O.D 

50.0 0 .61 

100.0 0 .119 

200.0 0.234 

250.0 0. 290 

333.3 0.384 

500.0 0.522 

NB: From cell suspension, the cell weight (mass) per millilitre of Aliquot 

is O.001g/ml 
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Table D3: Substra te Con centration Effect on Hydrolysis of S tarch by 

Free B. subtilis a. - Amylase at pH 5.0, 400 C 

(Sugar Cone. XIO-3 mol) 

Stareh B. 
Cone. subtilis 
mole/dm3 5min 10min 15min 20min 25min 30min Cone. 

0.0112 0.021 0.025 0.035 0.031 0.032 0.031 0.011 

0.0407 0.054 0 .074 0.064 0.065 0.064 0 .010 
0.0224 0 .025 0.033 0 .037 0 .040 0.041 0.040 0 .014 

0.054 0 .067 0.075 0.080 0.084 0.080 0.0125 

0.0336 0.034 0 .040 0 .057 0 .060 0 .061 0 .060 0.018 

0.070 0 .080 0 .115 0.120 0.123 0 .120 0.0150 

0.0448 0.035 0.057 0.062 0.069 0.069 0.069 0.019 

0.074 0.115 0.125 0.140 0.140 0.140 0.0160 

0.0561 0.036 0.060 0.073 0.078 0.079 0.080 0.021 

0.0749 0.120 0 . 149 0.155 0.157 0.159 0.0175 
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Table D4: Temperature Effect on Hydrolysis of Starch by Free B. subtilis 

a. - Amylases 

Conc. Of Sugar (gjl) x10-3 

B. subtilis 
H Temp DC · 5 Min 10 Min 20 Min 30 Min 

Conc. (gj ml) 

x10-6 

0 40.0 0.025 0.044 0 .034 0.036 0 .051 

0.050 0.0875 0.070 0.0725 0.0425 

.0 50.0 0.042 0.048 0.046 0.041 0.045 

0.085 0.0975 0.0925 0.0825 0.0375 

.0 60.0 0.037 0.047 0.039 0.034 0.062 

0.075 0.095 0.0775 0.070 0.0525 

0 70.0 0.030 0.038 0.033 0.032 0.071 

0.060 0.075 0.0675 0.065 0.060 

0 40.0 0.037 0.050 0.038 0.035 0.0525 

0 50.0 0.025 0.033 0.025 0.0225 0.0515 

0 60.0 0.0225 0.025 0.020 0.020 0.065 

0 70.0 0.0075 0.020 0.0175 0.010 0.0665 

0 40.0 0.0425 0.050 0.055 0.0375 0.0425 

0 50.0 0.0475 0.050 0.060 0.0525 0.04375 

0 60.0 0.0125 0.0225 0.055 0.035 0.04825 

0 70.0 0.035 0.040 0.050 0.0225 0.0475 

0 40.0 0.020 0.030 0.0325 0.0325 0.0225 

0 50.0 0,.020 0.025 0,025 0.0225 0.03675 

0 60.0 0.0125 0.015 0.020 0.020 0.040 

0 70.0 0.0075 0.0100 0.010 0.0175 0 .04175 

0 40.0 0.0225 0.0225 0.025 0.0225 0.0325 

0 50.0 0.025 0.025 0.0375 0.0325 0.0375 

0 60.0 0.010 0.0125 0.025 0.0125 0.0350 

P 70.0 0.0125 0.020 0.0225 0.0175 0.03675 
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Table D5: Temperature Effect on Initial Rates at Optimum ph 5.0 for Free Process 

Vo x10-6 mol/min ToC 

9.0 

13.0 

9.8 

8.33 

40.00 

50.00 

60.00 

70 .00 
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Table D6: Immobilization of B.subtilis on Palmwood Chips 

Optical Density Time (Hr) 

0.11 1 

0.10 2 

0.10 3 

0.09 4 

0.09 5 

0.08 6 

0.08 7 

0.07 8 

0.07 9 

0.06 10 

0.06 11 

0.06 12 

0.05 13 

0.05 14 

0.04 15 

0.04 16 

0.03 17 

0.03 18 

0.02 19 

0.02 20 

0.02 21 

0.02 22 

0.02 23 

0.02 24 
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Table D7: Stability Of Immobilization on Pa lmwood Chips at pH 5 .0, 

Temp 400 C 

Optical Density 

No of Runs 10min 20min 30min 

1 0.20 0.75 0.85 

2 0.50 0.79 0.83 

3 0.56 0.88 0.88 

4 0.48 0.70 0.72 

5 0.30 0.57 0.60 
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Table D8: Optimal Flowrate Determination for Hydrolysis of Starch by 

Immobilized B. subtilis at pH 5 .0, Temp 400 C 

Flow Rate Total Sugar 

ml/min 10min 20min 30min 

12.0 0.60 1.17 1.50 

15.0 0.50 0.86 1.36 

20.0 0.42 0.81 1.20 

24.0 0.38 0.80 1.14 
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Table D9: Temperature Effect on Hydrolysis of Starch by a Amylase from 

Immobilized B.subtilis 

Total Sugar (gjl) x10-3 
pH Temp. 5min 10min 20min 30min 

DC 
5.0 40.0 0.19 0.20 0 .75 0.85 

0.38 0.40 1.50 1.70 
5.0 50.0 0.37 0.49 0 .5 1 0.66 

0.78 0.98 1.02 1.30 
5.0 60.0 0.41 0.56 0.61 0.90 

0.82 1.12 1.22 1.80 
5.0 70.0 0.43 0.73 0.78 0.89 

0.86 1.46 1.56 1.78 
4.0 40.0 0.54 0.64 0.68 0.76 
4.0 50.0 0.54 0.56 0.80 0.96 
4.0 60.0 0.86 0.86 1.00 1.28 
4.0 70.0 0.84 0.94 1.04 1.08 
6.0 40.0 0.58 0.62 0.84 0.96 
6.0 50.0 0.84 0.88 0.98 1.20 
6.0 60.0 0.88 0.98 1.08 1.40 
6.0 70.0 0.86 1.20 1.24 1.28 . 
7.0 40.0 0.28 0.38 0.56 0.72 
7.0 50.0 0.46 0 .54 0. 62 0 .86 
7.0 60.0 0.54 0 .68 0.78 1.04 
7.0 70.0 0.48 0 .58 0.72 0.96 
8.0 40.0 0.28 0.34 0.46 0.50 
8.0 50.0 0.46 0.74 0.74 0.78 
8.0 60.0 0.46 0.58 0.60 0.96 
8.0 70.0 0.22 0.34 0.38 0.44 
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Table DI0: Temperature Effect on Initial Rates at Optimum PH S.O for 

Immobilised Process 

Vo xl0-6 mol/min) Toe 

90.0 

96.0 

100.0 

120.0 

40.00 

50.00 

60.00 

70.00 
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APPENDIX E 

El: CALCULATIONS 

SUBSTRATE CONCENTRATION 

Relative molecular of starch = 162.0g 

Number of moles in 6g = ~ = 0.037 moles 
162 

Concentration of 0.037 moles in 700ml water is 0.037 moles = 0.0528 mol 
0.700dm3 

35ml of starch gel contains 0.0528 mol 

With addition of 10ml of cell suspension and 10ml of CaCb to 35ml of 

starch gel i.e. V2 = 55ml 

C
2 

= 0.0528moles dm-
3 

x 35ml = 0.0336 mol 
55ml 

E2: RATE OF REACTION (V) FOR FREE B. subtilis a. 

AMYLASE 

Taking slope at various points on the [P] vs. time plot, Figure 2 say 

at [P]=0.06 x 10-3 mol. 

V = d[p] = (0.0592 - 0.0560 )10-
3 

mol = 13 x 10-6 moll min 
dt (22 - 1.8)mins 

Substrate concentration [S] is also determined at that point. This is 

repeated for four (4) other points on the curve and the various 

temperatures. The result for V at 500 C is summarised thus: 
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Table E 1: Rates and Concentration of Product and Substrate for . 
Free Process at 323.15K 

v X 10-6 [P] x10-3 [S] x10-3 l/V x103 

mol/min mol mol (min/ mol) 
13 0.06 33.52 · 76.923 

l/S 
(mol-I) 
29.83 

6 0.079 33.50 166.670 29.85 

4 0.085 33.49 250.000 29.86 

0.769 0.0935 33.27 1300.390 30.06 

0.181 0.0975 33.17 5524.860 30.15 

E3: DETERMINATION OF VmaxAND Km 

From Figure. F12 (~ vs i) , From Intercept = _1_ = 25 x 10-3 miniMol 
V:nax 

Vmax = 40.0 xl 0-6 Moll min 

v'uox = 20.0 x 10-6 Moll min 
2 

From Figure F 13, Kill = Sin = 33.522 x l 0-3 Mol 

E4: DETE~INATION OF K AND Eact 

From plots of V vs [P] for various temperatures, the slope of each 

line is determined as K and thus the table below: 

Table E2 : Values for Determination of Ea Free 
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Table E2: Values for Determination of Ea Free 

K (Min) In K Temp. (K) 1/Temp x 10-3 (K-l) 

0.2862 -1.251 313.15 3 .19 

0.3667 -1.003 323.15 3.096 

0.3435 -1.069 333.15 3.00 

0.2450 - 1.406 343 .15 2.92 

From graph F15 (In K vs 1/Temp), from Arhenius equation, 

K = Ae-£a/Hr 

Intercept A = 2.39 X 10-3 K-l 

S10 e = - E acl = -0.93-(- 1.43) 
P R (3.46-2.SS) x l0-3 

-EaCI = 793.l0xS.314JK-lmor l 

E acl = -6.5938 kJ / mol 

CALCULATIONS FOR IMMOBILIZED B.subtilis a AMYLASE 

Substrate concentration used: 0.0528 mol 

E5: RATE 'OF REACTION FOR IMMOBILIZED B.subtilis a 

AMYLASE 

As previously determined in appendix E2, the procedure IS 

repeated on figure 5. The following tables are arrived at: 
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Table E3: Rates and Concentrations of Product a nd Substrate for 

Immobilised at 343.15K 

V X 10-6 [P] X 10-3 [S] X 10-3 l/V X 103 

(mol/min) (mol) (mol) (min/mol) 

120.00 0.86 50.90 8. 333 

76.00 1.346 50.50 13.16 

23.00 1.57 49 .35 43.48 

11.43 1.74 47.90 87.49 

6.15 1.79 45.37 162.60 

E6· DETERMIANTION OF v app AND Kapp • ~ m 

From Figure F 16 

Intercept = _ 1_ = 8 x 103 min/mol 
Val''' 

max 

vapp 

. ~ = 62.5 X 10-3 mol/min 
2 

From figure F17 K ::;P = SI/2 = 50.44 x l 0-3 mol 

E7 DETERMINATION OF K AND E(actlimmOb 

l/S 
(l/mol) 

19 .65 

19 .80 

20.26 

20 .88 

22.04 

From the plot of V vs [P] at various temperatures, the slope of each 

line is determined as K and thus the following table . 
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Table E4: Values for Determination of Ea Immo bilised 

K (min) In K Temp (K) l/Temp x 10-3 (K-l) 

0.08017 -2.5220 313.15 3.19 

0.1895 -1.6630 323.15 3.09 

0.09227 -2.3830 333.15 3.00 

0.1652 -1.8010 343.15 2.92 

From the Arrhenius equation, K = Ae-Ea
/
IIT

, a plot of In K vs 1 jTemp. 

(Figure F 15) 

The intercept A = 2.44 X 10-3 K-l 

S10 e = Ell = -1.46-(-2.41) = -2.714x 103 

P R (3.15-2.8) >< 10-.1 

-Ea = -2.714 x 103 * 8.314 JjKjmol 

Ea = 22.566 kJ /K/mol 

E8 DETERMINATION OF DIMENSIONLESS VARIABLES 

Kl = K . = Flow rate = 0.0012/ 60 = 0.025ml s = = 1.5m/min 
- ., surface area of chips .8 x (0.01Y 
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V 125 1lmollmin 
D = ~ = r = 0.00158 

a K,S" 1.500m I minx 0.0528mol 

K = Kill = 0.05044 = 0.955 
So 0.0528 

/3 == Do +Ko - 1 -----------------------(4) 

= 0.00158 + 0.955 -1 = - 0.043 ," 

from x = - ± 1 + _0 - 1 - ~ --- _ 1- ,.. - - - - - - - (5) /3( pjfK J .. .:" , 
2 /3 2. · .' , 

since /3 = -0.043 < 0 then equation (5) becomes 

x = /3
2 

(- ~1 + 4/3~a - IJ = - 0~043(_ 1 + 4 x 0.955 - 1J 
(- 0.043Y 

x = - 0.043 - .)2066.98 - 1 = - 46.49 
2 

= x/(Ko +x) = -46.49/ (0.955+(-46.49)) = 1.021 = 1996 

17 I/(Ka + 1) (0.955 + It (1.955t· 

ASSUMPTIONS 

The above calculation is done on the basis of the following 
" 

assumptions where steady state operation holds: 

.:. No electrostatic effects 

.:. The surface of the chip is flat, 

.:. The rate of sugar production is equal to the rate of substrate 

diffusion to surface layer and equal to rate of catalysis which equal 

rate of product diffusion from surface layer. 
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Plate 1 Packed colum connected to a peristaltic pump and substrate 

stock on Gallen Kemp Shaker 

a: Packed column containing chips plugged with cotton wool used for 

immobilisation and subsequent hydrolysis. 

b: Oallenkemp shaker 

c: Conical flask containing substrate/cell suspension 

d: Peristaltic pump 

, 'so 
I ... . 


