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Luedclmg Porct oq,sni<m for b1on0<.:l'lan1 producuon, 

and mod.1fica1Lon or Loo1do.ng-Pllel for sub,1ra.1e 
m!uC!1on (Weiss&.. Olh<, 1980), 

d:;ldt - Cl(dxld1)- IJ(x) (3) 
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Curu .,r Cell, Gro,.!h 

(2), dP/d! � ll< + mch.ldl 

£Gtk1Uon1 (lh.l) provided lhc ba<i1 for 
6esrnbrng !he !ml<' ""'""' for x>u!h>n and other 
e.xtracdlu!or po!).acch:tnd<:5 pr<>ducuon by 
m,cfl)Crg,uu<m · TI.c lt13Jor com,:mcnce of cqcutoons (Zl 
•a:1 (l) ,.,,, thOI !be 11on·tnmih..,.socu1cd l"'"'""'!cr<, IJ 
and n oould be c,,alua,cd from ,w11on.<')' phase dau 
(dxid! - 0) lca"ng only 10< ,mglc grwth...,,sociatcd 
par.im<1er• a and m. re,pcct1vdy, lO be .-,alnatcd r,o,n 
the grov,1h-ph.ose Ja!a (1'.'m< &. OIIIS, 1 ��l) 

The \':!hie,; of certlttn parameter, of !l,esc nlOdel, 
""� calculated from th< 111,c.:ir J<:lauon<lup l'llcse 
models were ><<wn<d on unbm1tcd colld.LllOn lor ,ubitra1e 
h)drohr.11e of solid'""" or pulp and pape11ndu<1ry •nd ,,_ 

Kaolin cfav "" cho,m ..s � !CS! mn<L,rd 
IHJ!cnal for lloa:ulation Jn 1 100 m! graduated <:Jhndcr, 
W n,! of helm da1 suspcnsrnn (� (1(1(1 ppm) 10 ml of J'Y, 
CaCI, <olut,on, and OS nil of the cullllrc "-.< mmxl, •nd 
a.r!Juslcd l<l pH 7 0 ""h NallH (or I ICI) 1 he le,.( cyhnder 
""' m"cd gcn<ly •! room 1cmpcraturc aud 1hcn kcpe 
<I.anding for S mm 1 he fonm<>on o[ _.,.,Me aurcg.-,tc< 
"'"' ob5cr,.cd by m,as.,nng U.e docrcasc 1n rurt,,duy of the 
upper � using a ,pemopholonlCIC< II Ylll nm TI,e 
lloceul�l1n� :tctl\'llY w:u c:,lculated b) 1he folln\lllljl 
<qlJ..1l1on (Kuranc & Koh.,u_ l'l'Jt) 

Flocculal,ng acll\ •t} - !/A - !Ill .. .( 4) 

A opllcal dcnsuy >t S.SO run of san1plc, 

B opt,cal dcnSlty ,t �SO nm ofrcfrrcna; 

RE.SUL TS ,\KD DISCUSSION 

n.. deer= of pH ,-.1ue during cull"·•tion was 
likely due lo lhe pr<><lucl,on of x1d Some <tr.IHI< of 
Alcahg,n<s prodocc<l 3Col from l)�locose �nd !l-,) lo<e 
and used those ;,c1d., �, caJb<>n so,m:e fo< grn�1l, and 
p«xh,oc b,onoa:ulont (Breed�, al. 1974) The loWC<! pH 
,-..hic (6.91) w:u OOSC"-::d 16 hour< allcr inoculal!on 
(f,gurc l). 

A rcprcscnoalnc course of noccula,11 formaBon 
•nd a cells gr<>ll1h rurve 1,1,.,n hydroh,�<c of ;ohd waste 
and glue= """' used as lhc c,,rtJon sour::,, •'c prcsernod 
in F,g"r<."' l a"d l The m,"mum r.1\c of Ooccnb111 
formJlLO!I ""' ob,:;m:d m lite early SISl•ot1<11' �hasc aod 
no rap•d dccrca,;c or lhc !loo;ulat1 ng ae!n<I) " " ab,.cr..a.l 
,n the btc Sl>IHlnary phase As sh,mn m Figure 2 the 
l)f'Oduelmn of boofh":c11lant "'"' p;rnllcl lo !l>i! g,o,.lh 
�o< 

Acwrdmg to Figure i. tl><rc "�' no adapLat!OtL 
EJ0"th pha,c ll n,cans dlal bac!m,1 gn:\\ ,ll c.,por,cntial 
gro"1h pha,c directly smcc 1110 cell> "luch "ere 
tl'IOCUl•tcd ,n,o lhc bioreac!or camo from prop.og.,uon 
proces, for 2 days nus process 1r,crc.1,;cd the dlic1om 
use of suJmaic by A la/"$ and r<Xll>.--cd 1hc cul<l'allon 
llll>< Ancr c,poncnlldl phase, cells grc,, ,, <1auo,111ry 
and dca<h ph,,-.:< Stationorv phase ocrnrrcJ "' 84 hours 
and tO.:n b>C!m>! gro"ih curve continued lO death phw: 
Dc,th phase occurr<Xl due lO U,c dcpkllon of the 
snhstr.llC, a,"1 on 10< other li•cod cells n ,gho Jrnc 
prudu«.'1 secondary m::i.bolnes, \\h1cl1 1nh,bnoJ cells 
�ro�lh 

The tug!""'- produe1 (b,ono:;nl>n!J )1-ldcd 1'ns 
ctiscncd at 60 hoar< and 1hcn dccrca«d ll l\opporied 
because cell d,d oot produce b,onocculant rn tho doa<h 
p\�11< and <01n< parts of 1ho product was con,cnod mto 
other produci, by cn.y"lle "h,ch Wll> produced by A /Mus 
(Kuranc &. N.JIL.;Lla, !�9�) Cell, m tile SlaHo,�11) pl-,sc 
degrodu! bwnocculant "h1ch ronlai1"'d sugar rrn .. llu,� 
m ll.: <11..:,c.;1S of b,onocculant cooccnlral,on ,n 11,e 
uic,!Jum from 13 O ! g/1 lo !l SI g,1 (f1i;urc l) 
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Cells gro,.1h curve on substr;,te of h;droliz,nc of 
,.,J,d was!e ol pulp and paper >ndnstry " presented ,n 
Fi,:urc 3 T�e,e 1.:1> d1au.,1c im .. t� effect'" <di, gr�O. 
wltich w" hkclv dL>e lo lhc pr=occ nf rram km<!, of 
earl'-'<,"'"'"-"'' m ilie hJdroh,,t:e of sohrl """'" lrom p.,tp 
an1 ll"P"' mJusln (fo, C.'1mpk ,:yl= and anbrno.<e) 
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F10<culatrn� Arlh it) of lhotlocculant 

Flocciilot,ng ac�vin of ll,C bivlluecul•i,l<l,Jli,;; 
oullmu1on s sho.111 '" F,guIT 4 The au"mu,n HLLIT,O<c 
of !loccnla!lllg "'"'"Y ""' obc.cr;cJ ,n c,rl, < .Jtcoa,r, 
phase and 1�� product,on of ,he b•olloc,ul m\ ,,as �u,o.lcl 
lu ll,e cells gr0\\1h f]'itsrc., l ""d J) TJ,c,e'cce .lie 
b1ofloccula,.! ""' probs1blJ ,IOI. prc:<lucd b, c"CI I amolisis. 
bot by cell b1osJ nthc,is (Kumne & :-btia!.l l 9�-1) 
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Productivity of C..lliution 
CONCLUSIONS 

µm• 
Xo 

Maxunum s-µ;ctfic £ro"th rate 
Ce!!., coocenuauon (al the 

was ost,matod 

(ll) 
(12) 

bcg,nn,ng of 

Soltd waste of pulp and paper 1ndOSU) nlnch 
con\Jlmcd htnocellulo<,c niatenals cucld be u� �; a 
substrate for � /a/"' growth to pwrJuu, bio!locculan� 
Culm'lltiOll of A IOI"• on ,11botratc of h,rJrol,zatc of sol,d 
waste from pulp and paper rndnst1y ()1d<lc,J abou! 2 21 i:: 
producllg <ubmatc and l 09 i:: bton=�i stJbstrate) "as 
!o"tt lh..,n that ofcul�vm1on on j:!\JC� ()•10lded 4 42 i:: 
prod..:llg ,ubstrme anrJ 1 M i:: bionwslg substrate) 

t � Culhv:mon um: 

Productm[v of cu!Ln·•!•on 
fol!o,vrng 1"' e<jLllllr.on of 

t � [(l1µm)ln(XUX0)] + ff+ lL + tD 
\' m Xli'l 

••• 

culu,•ahon) 
CeU co1,:..'<:nlr;,tk>n (at the en of euhl\11tion) 
()clus cullurc lm10 
Las: Um< 
O.layun10 

1',011-lENCLA TUilE 

g(p) • Gnm ofprodOCI 
g(x) Gram of biomass 
g(•) Gram er ,ubstrarc 

B, assuming prop.i�,mon umc os lhc tune before 
culll,"al10n (cyclus culture nmc, delo) nme and lag tune), 
�"' cquauon (I I) and (12) can be used to <letemur,e the 
culll\11Uon tr.me and the prOOuctL\,I) of cullivatr.on of A 
/a{lls Oil both a med•• (glucos, and hydrol1zale of oolid 
":as!C of pulp •nd p,1per industry) 'The resuhs show th.11 
producmi(} or cult1,•a1too olA Ja•w: on glue:= (0 0446) 
""' l>ighcr th.on lh1t of ll"' produe11wy on ,ub<lrate of 
h)drolu�te of sohd w,stc o.l. pulp and p..,pcr ,ndust, 
(OOU2) 

,, 
m 

" 
u Sub,trntc 

li::(,)'i(x)] 
S11bstrMo non·grn\\111 sssoc,"ted 
fg(s)lg(x) bj 
Yteld of product [g(p)lg(s)] 
Yield ofb10111l<.! j!!(,)lg(<}l 

p,,mmotcr 

- S!>'c1lic grouth rate (It ') 
• Prod1>ct gro\\lh"""'°"'a!od par.:m,,ter fg(p)lg(,)I 

Product non·grnwth-,1«0<1,110� parameter 
fg(p)fg(�) hj 

2 c "" u ,-,, '"'°' ,lied 
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