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were treated w i t h  yeasts and yeast- l ike organisms and t h e  

mild w a s t e s  with Asperf f i l lus  n i ~ e r .  Anaerobic treatment of 

, cassava starch f a c t o r y  e f f l uen t  for the genera t ion  of methane 

gas was studied, subsequent ly  t h e  reduction of pollution load 

was assessed. The methods employed and t h e  r e s u l t s  ob ta ined  

are presented in Ch~ipters 3 and 4. The discussions of the 

resul t :  are incorpora ted  in Chapter  5 of the thesis. In the 

6th Chapter t h e  s igc i f  icant observat ions are sumarised. 

Two pub l i ca t ions  e n t i t l e d  "Physico-chemical and 

microbiological  cha rac t e r i s t i c s  of cassava s t a r ch  f a c t o r y  

efl"luentsn (3. IiLoo-t Crops, 9 ( 7  & 2 ) :  27-31, ( 7 9 8 3 ) )  and 

mAmyloglucosidase a ~ d  cellulase a c t i v i t y  o f  Asperg i l lus  nie;er - - 
in cassava stzrci: f a c t o r y  wastes" ,  (Proceedings  of the  National 

Semi~ar on W t i l i z a t i o n  of t r o p i c a l  tuber cropsv held in 

Central  Tuber Crops Research Insti~ute (Icky) T r i v > n d r u m ,  1985) 

were zlso ma4e f rom the  s tudy.  
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CHAPTER 1 

INTROOUCTION 





~rffactive low-cost technology, the physico-chemical and micro- 

biological charoeteristics of the effluents which are subjected 

b varying environmental. influences have to be studied in d e t a i l .  

The ubiquity of microorganisms and the i r  exploitation by 

nen is wel l  established in the biological process of waste water 

t rea tments .  Based upon the conditions required f o r  the growth 

and thereby degradation of waste materials, the microbiological 

t rea tments  are classiff  ed as aerobic and anaerobic. 

Various types of microorganisms prolf  ferate in the organic 

e f f luen t s  depending upon the available substrates and condit ions.  

Cassava starch factory effluents being r i c h  in starch can promote - 
the growth of microorganisms wMch liberate amylolytfc enzymes 

f o r  t h e  hydrolysis  of starch to glucose. The sugars thus formed 

in the starch factory effluents o d d  be utklLzed for the pro- 

duction of microbial biomass rich in p r o d i n .  From t i m e  immemo- 

rial, t h e  abil ity of yeasts to ut i l i ze  sugars for the production 

of protein .  rich biomass has been exploited in food and feed 

i n d u s t r y .  

Co-cu l tw ing  of yeasts f o r  effluent treatment and s i n g l e -  

ce l l  p r o t e i n  (SCP) production has been attempted elsewhere 

(~erni.--l 5 &., 1979). Solid state  fermentat ion has been 

r e p o r t e d  to be a relatively low-cost appropriate technology 

for t h e  upg~adeitian of substra%es rich in starch to protein . 

rich m i n d  feed (Sene2 1. ,1983). 





CHAPTER 2 

REVIEW OF LITERATURE 



2. REVIEW OF LTTEKATURE 

2.1. Organic E f f l u e n t s  from Cassava S t z r c h  F c c t o r y  

Starch prucuct ion from cassava tube:?s is an i n c r e a s i n g l y  

. b p o r t s n t  agro- indust ry  in t r o p i c d l  countrier:  . Cassava s-tzrch 

is one of the  major raw mater ia l s  in Cood 2nd ph;rrn?cedticzl 

The ca:ss zv2  t ube r s  c o t l t a i n  abou t  20-30L s tcrcl l  ;%rhich 

is distribu.ted in thc  cellulosic rnat1.i~ (l.la:lgalaliu~:ri, 19~!~3), 

Extract ion of sin-ch fron t u b e r s  is g e l l e r ~ l l y  follob:!:d by a 

wet process and it requ i res  v o l m i r ~ ~ u s  m o u n t  of ~ ~ a t c r .  Basi- 

ca l l y  t h e  e x t r x t i o n  of  s t a rch  ccrnsists of washing of t u b e r s ,  

mechanical pee l ing ,  r a sp inc ,   rindi in^, s i e v i n g ,  r e s r i r , d i n ~ ,  

sieving and deb-attlring (~i:. I ) , h r i n r  o f  f - s e s s o n s  d r i c d  c h i x  

of cassava tube r s  a re  a lso prucccscd for r t  r c h  extrr:c-Lion. F i l l  

these procedures aid thc- separztion of strlrch g r a n u l e s  :,:hich 

cone o u t  in t h e  aqueous medium from tht? n a t u r z l  l o c i .  T h i s  is 

fur ther  separated and c o l l e c t e d  f o r  proceszi.ng. T h :  recovcrj :  

of s ta rch  even i n  t h c  modern starc12 f a c .  o l - l e s  is n o t  cornnlete 

and some amount uf it don: x i t h  fib: 2x5 w7etes  ac -u rnu la te  on 

the sieves. This is washed o u t  2s prim5r.y u:l'iur.nt. 

Th? s-l,:1-c:3 present  i n  t h e  ~!att=-r ( s t g r z h  r n ~ l ! : )  is ser;:3- 

rated by s e t t l i n g  znd c e n t r i P u ~ 2 t i o n .  &>st€ ~;ste:- co rn i r ?~  o u t  

of t h e  s e t t l i n c  t a n k  and ce.gtrifuz1.l: is czlled a s  s e c o n d : r y  

ef f luen t  which c a i n l y  contzins so lub le  organics mil u n s e p ~ r z t e d  
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w i l l  depend upon I t s  c h ~ m i c a l  composit ion and t h e  physical and 

ahemical condi t ions  in t h e  surrounding environment. Temperature, 

Oxyger; supply, moisture, pH, ava i l ab l e  minerals and C:N ratio 

of t h e  substance are t h e  chief environmental i n f luences  ( ~ n o n ,  

1967). Tt le  m a x i m u m  r a t e  of decomposiWon of carbonaceous 

materials takes place at 30-40'~. Above 4 0 ' ~ ,  t h e  rate of de- 

compoeition d e c l i n e s  except in those s p e c i a l  circumstmces 

where t hwmoph i l i c  decornpos: lion is i n i t i a t e d  (Anon, 1367). 

Acharya (1935) demonstrated tha t  t h e  decomposit ion or r i c e  

str~w is most rapid a e r o b i c a l l y ,  slower in water logged condf- 

t i o n s  and Least pronounced under complete anee rob ios i s .  The 

decay of the  p lan t  c o n s t i t u e n t  is affected in ths same way 

i . e .  the process is depressed as t h e  supnly  of oxygen d i m i n i s h e s ,  

Microorganisms grow r e a d i l y  in l i q u i d  culture media provided 

oxygen supply is ample; on t he  o ther  hand, h i ~ h  moisture levels 

reduce microbial  a c t i v i t i e s  n o t  as a r e s u l t  of t h e  water itself 

but ra ther  i n d i r e c t l y ,  by h i n d e r i n g  t h P  movement of a i r  and t h u s  

reducing the oxygen supply. The pH not only i n f l uences  growth 

rates and enzymatic p o t e n t i a l i t i e s  o f  microorganisxs but  z 1: c 

gover l~s  t h e  type of n i c roorga r~ i s r ; ,~  a s s o c i a t e d  with decompc_r-.' t i o n .  

Decomposition typically proceeds more r e a d i l y  in n e u t r a l  than 

in z c l  dic r a g e ,  

A nmber  of iavestieators have r e p o r t e d  t h a t  t h e  r a t e  o:' 

deccaposition of p l m t  m a t e r i a i ~  depends ui?on the  n f t rogez  

conte:it of t h e  t i s rb t . .  Prote in-r ich  substrates me metatolLzcrd 









(1s7) and Hardwood (1972). Methane was used as a carbon 

source f o r  the growth of Methylomon= f l age l l a t a  and Methylo- 

coccus capsulatus (Wilkinson et &,, 1974; Morinaga et g . ,  lc276). - 
Bacterial c e l l s  were also crown on suga r s  and many fractions of 

plan t  and anirnal biomass. Cont inuous  c u l t i v a t i o n  of R a c i l l u s  

megaterium on co l lagenous  b y - ~ ? o d u c t  was r e p o r t . 4  by Bouch -- et a l ,  

(1972). The growth of Pseudomonas f l uo re scens  a n d  Cellulomonas 

spec ies  on different s u b s t r a t e s  were s t u d i e d  by many workers  f o r  

s i ~ l e - c e l l  p r o t e i n  p r o d u c t i o n  (Dunlap, 1969; C a l l  i h s n  and 

Dunlap, 1971; Abbott et G , ,  1373; Daly et a., 1974; I r w i n ,  

1974; Call ihan and I r w i n ,  1974; Iglesias e t  al., 1979; Lee  - e t  ' 9  a1 

1979; Shule r  e t  al., 1979). 

Mixed c u l t u r i n g  of Azotobacter chroococcurr: and Azotobacter 

agi le  w i t h  Candida and Torula yeasts could achieve e f f i c i e n t  

u t i l i z z t i o n  of sucrose and b e t t e r  y i e l d s  of SCP ( ~ a n o s y a n  and 

kvakyan, 1374) . 
Filamentous fung i  

Ce r t a in  h ighe r  f u n g i  have been c o n s u m ~ d  hy humans for 

centuries. Commercial d e v c l o ~ m e n t  of  f u n g a l  SCF o t h e r  t h a n  

mushrooms has n o t  been v e r y  cornnon. The cellulolytic and 

l i e n o l y t i c  a c t i v i t y  mak~ some f u n g i  d e ~ i r a b l e  f o r  c : ; r l t i va t i on  

on lignocellulosic wastes for economical p roduc t ion  of SCP 

(TuLe, '1984). 

With the  excep t ion  of Cladosporium resinze, f i l a n e n t o u s  



fungi have not been s e r i ous ly  c u l t u r e d  as po ten t i a l  source 

of SCP on hydrocarbon substrates because o f  t h e i r  slow growth 

rates and morphalogy ('Talker 2nd Cooney, 1973).  Lipeci~s  o f  

Penic i l l ium,  Scopularioosis, ~ k p e r a i l l u s ,  Tr ichoderna ,  Claiosoorium, 

and Fusarium were grown on t h e  ground p i n e  ( P i n u s  r a d i q t a )  bark/ 

extract of the p i n e  b a r k  and the n e c e s s i t y  of a d d i t i o n  of n i t r o g e n  

f o r  economic p roduc t ion  of SCP was demonst ra ted by Updegraff e t  a l .  . -  - 
(1975). Han et al. (1976) grew Aureob~sidium rju1lular.s on ac id  

hyd ro ly sa t e  of rye grass  (Lolium multj.forllrn) straw and  c l a i n e d  

the  ackiievemen t of f u n g a l  protein,su?erior to Candida u t i l i s .  

Compared to Aspergil lus niger, P e s t a l a t i a  spec ies  and Penicillium 

chrysogenum were found e f f e c t i v e  in conver t ing  a lka l i - t r e a t ed  

rice straw t o  f u n g a l  p ro t e in  ( h i t a r a t n e t & . ,  1978). The work 

of DauguUs and done (1978) has supported the p roduc t i on  of 

Phanaerochaete chrysosporium pro te in  from inexpensive silbstrates 

l i k e  pine, maple, cedar tree barks ,etc. Fermentation of rye 

grass hydro lys  ate w i t h  Aureobasidium p u l l u l  ans  , waste pap fir 

hydro lysa te  w i t h  S c y t a l i d i u m  acidophilum was motivated to 

produce fungal  p r o t e i n  (&ily a., 1979; Ivarson and 

Morita, 1982). Chaetorniwn cellulolyticum was t r i e d  on cnrhohydrates 

and found effective i n  t h e  p roduc t ion  of SCP (~amment g &.,1979;, 

Moo-Young and Chahal, 1979; Hecht e t a l a ,  1985).  Meiering 9 &. 
(1979)have reported tha t  ?.spergil lus fumiga tu s  could be utilized 

t o  form fungal protein. Sing le -ce l l  p r o t e i n s  from rotten 

vegetables and fruits w i t h  Aspe rn i l l u s  f l n v i p u s ,  from brett\ery 

spent l i q u o r  with Asper~illus n i ~ e r ,  from orange waste l i q u o r  



with S;;orotrich3m pulverulentun, e t c  . .&ere a l s o  repor ted  

~t al. ,  1375; Kara~inar and ?!elahat, 1382;  A l i  et ?I., -- -- 
1934). 

Yeast i - 
4 

T r ~ l i z b l y  the most experiefice in microb ia l  f oo<J. m a n ~ 2 . l ~ -  

ture h55 be ;n with Beasts (ileed 2nd i2e;qler, 1973) . R:l?id growth 

rates,  a b i l i t y  to assini ls te  a v a r i e t y  of s u b s t r i t e r , ,  high p r o t e i n  
* 

content, 2nd with the except ion of the s u l f u r  containing a ~ i n o a c i d s ,  

good a ~ i n o l c i d  profiles have mlde c e r t a i n  y e z s t s  grime candidates 

for SCP production. Saccharomyces cc rev i s iae  has been s t u d i e d  

extensively f o r  SCP production. Recently C ~ n d i d a  u t i l i s  has 

been a lso studied widely as a source of  SCP, becluse of its 

ab i l i t ' j  t o  grow on ~entoses as well as hexcrses which enabled 

t h e  p r o d u c t i o n  of SCP from waste lignocellulosic hydrolysate  

( ~ o s e ,  7972). Baker's yna:it can in f a c t  be regarded o j  a s3:cia- 

l i z e d  1'31-3 of s ingle-ce l l  p r o t e i n .  'The c o n l e r c i a l  -r*o:!.:ctinn 

or' Bakr.rl s yeast  has  been extensively revieupd (:!on.;~rhe;de, 

1,)69; 2urmrows, 1970; H a r r i s o ~ ~ ,  1371; Reed a n d  1 - e p q l l r ,  7373; 

Rosen, -1$7'/'; Burrows, 1979). 

Urilization of  gas oil f o r  the  ~ r o d u c t i a n  3f SCP 

with i n  ye?st  i s o l a t e  was studied by Vadalkar -- e t  a l .  6 i . ld  

1 7  i .iLth Trichosporon species was studied by Sin;h 3. 
(1970) an Barua - e t  -* a 1  (1970). 'me fermenTa t i o n  ~ 1 i l c i ~ : : c j l  01 

Sacchnronyaopsis  l i p o l y t i c a ,  C a n  ' i d a  l i n o l i i t i c a ,  Cunninrkm?l!a 

elegans , C:indida a i l l i e r r n o n d i i  e tc  . was de  t e rn lned  i n  n-al kane 



~ d i a  f o r  t he  product ion and evalu.:tion of SCP (Bassel e t  a 1  - -- 9 

T97'3; Gerasimova - et - a l  * 1975; Shishkanova and Finogenova, 1979). 

Many workers have inves t iga ted  the growth of Candida l i pa l l r t i ca  

and Candida g u i l l i e r r n o n d i i  .- on d i f f e r e n t  hydrocarbons (coma et &., 

q974; Kazantsev 5 &, , 197'5; Gradova and Koval'skii, 1975). 

The j.ea;t biomass grown on hydrocarban was furthcr ev-iiuated 

f o r  animal : ~ n d  human consuaption,  

Many mrkers have used organic substrates l ike  e t h a n o l ,  

by-product of fermentation' i ndus t ry  (slop), peat hydrolysate, 

enzymatic hydrolysate of agricultural waste, molasses w i t h  

nitrogenous waste, chemical hydrolysate of p i t h ,  cattle manure 

l i quor  th straw hydrolysate, znzymr-tic hydro1 ysate of cassava, - 
vinasse, m a l t  extract ,  date palm juice, molasses,' corn s tover  

hydro lysa te ,  rape seed oil meal, Lemonade processing waste, 

potato processing waste and pineapple cannery waste f o r  the 

c u l ' i v a t i o n  of C m d i d a  u t i l i s  ( ~ l e i n i k o v a ,  ale, 1975; 

Kvasnykov et s., 1976; Foda et s., 1976; L%ishkova - et --P 

1976; Ramcs - et - 09  al 1979; Kame1 and 3asi1, 1979; Lernmel 2 s., 
1979; Hang, 1900; M o o - Y o u n u  G., 1980; Ronstnntinova - c a: -- a1 9 

198(3; Gonzalez and Moo-Young, 1981; G a r g  et go, 7983; hie and 

Vinay, 1984). Dairy wastes weroe found as a good subs t r : l t e  for 

t h e  product ion of SCP w i t h  various organisms l i k e  Sacchzrnmyces 

fragilis , Saccharomycopsi s and !thodo t o r u l  a, Eluyveromvces 

f r az i l i s ,  Candida curvata, Trichosnorcn cu taneurn Cand ida pseudo - 
b 

tropicalis (~arnes,  1976; Oiec et al., 1978; Moon g& s., 
1978; Desanchea e t  &., 1980; Barraquio et al., 1980). - 
Green -- et al. (1976) have successfully grown Geotrichua 





peatrnent o f  orcanic effluents and nroducti on of single-cell 

proteins 

The u s e  of submerged fermentation technology for u t i -  

l i z a t i o n  of' s i n r ' l e  sugars an T polysnccharides has been w e l l  

d o c u ~ ~ e n t e d .  As a rt-milt of the treatment of e f f l u e n t s  with 

micrcarganisma, the product is clean water ancl SCP is t h e  by- 

p r o d u c t .  Thc efficiency of the fermentation is thus  propor- 

t iona l  to t h e  rtlcluction of BUD/ and COD of the waste stream. 

.Single-sell  prot~in from molasses 

I~lolasses is the by-product of cane and beet-sugar produc- - 
tion. It is t he  t r ad i t iona l  carbon source f o r  the-production 

of t h e  yeas t  Candida u t i l i s  and Saccharomyces cerevisiae, 
q 

Molasses r equ i r e s  little or no pretreatment before it is used 

f o r  SCP production. Fermentation is controlled between a range 

of pH 3.5 an6 4.5 and temperature 25-35'~ depending on t h e  s t r a i n  

of yeasts. 

hlley is t h e  residual l i q u i d  af ter  f a t  and cesein have 

been r e n o i r ~ d  i r;.m m i l k .  Many nicroorganisms were used f o r  SCP 

from whey cxp( : r i ;~en ta l ly  an6 a l i s t  of names was already y e -  

sen ted  by i.;eyrs:h and Bay~r (1979). Yeast biomass is t h e  

~ i j o l .  conclcrcial product obtained from whey. In the 

Viema procesc t h e  sweet whey as such is fermented 



dth Candida intermedia, a f a s t  growing acid to le ran t  y e a s t  

for SCP product ion .  Be1 Frorcageries process and R i e l  process 

are the o t h e r  two nrocesses commonly appl ied Tor  the prodluction 

of yeasts f r o a  whey ( ~ e ~ r a t h  and Sayer, 1979). 

Sinale-cell p ro te in  f rom s n ~ n t  s u l f i t e  l i a u o r  

The spen t  su l f i t e  l i q u o r  is t h e  waste produced from wood 

pulp nil ls .  This s e r i o u s  pollutant has a ti09 of 25,000-50,000 

mg/l. It has  Seen reported t h a t  about 90% of BOD could  be 

removed by fermentation (Forage and Righelato,  1 979) . 

The fermentation of the su l f i t e  waste l i q u o r  was s t a r t ed  

in Sweden with 2. cerevisiae. Two types of processes are cormon 

in commercial opera t ion .  Majority of the processes for example, 

in North America, Zurope anti Russia make use of Candida utilis 

f o r  SCP produc t ion  ( ~ r e t z s c h m a r ,  1962; Peppler ,  1970).  Robinson 

(1952) reported  t h a t  these processes were establishk?d i n  Germany 

d i g  o r  1 The sa l t s  of  nitrogen, wotassizm 2nd ohas- 

phorus must  >e added i n t o  the c u l t u r e  to compensate t h ~  d e f i c i e n c y  

in sulf i te  waste l i q u o r ,  An ammonia based p u l p  m i l l  : i ~ l I i t e  liquor 

is used t o  prsduce about 5000 tons of d r i e d  C. u t i l i s  annua l ly  - 
t o  be used as food ( P e ~ p l e r ,  1978). In the Pekilo process.  

Paceilomyces v a r i o t i  has been successfully used to reduce t h e  

BOD of paper f a c t o r y  e f f l uen t s  and also for the production of 

SCP ( F o r s s  and Passinen, 1976) . The spent l i q u o r  contained 

32 g/l reducing substances, and We y i e l d  of biomass was 55% 

based on the reducing substances consumed. The mycelial 





was commercfalised. The effluent consisted of 3 4 %  solids 

mainly glucose and sucrose, and had a COD of 30,000-40,000 

mg/l. The p i l o t  p lant  studies had demonstrated tha t  the 

process could remove 75% of t h e  COD and produce 1.5 t o m  of 

dry yeast produc t  d a l l y  (Forage, 1978). 

Suhner~ed  f e r m ~ n t e  tion of cassava starch f a c t o r y  e f f l u e n t s  

Cassava s tzrch extraction indiscriminately discharges 

large amounts o f  e f f l u e n t s  c o n s i s t i n g  of stzrch, c e l l u l o ~ + t ,  

hemicellulose and reducing sugars. The conversion of carbohy- 

drates into microbia l  biomass will result in t h e  r educ t ion  of - 
p o l l u t i m  hazard and accumulation of valuable SCF. Y u l t i g l i c a -  

t i o n  of torula yeast  in the tapioca starch waste water was 

studied in Thai land  (Thanh and Wu, 1975). About 9% of the 

v o l a t i l e  ac ids  were removed after 24 hls of ae ra t ion .  The t o t a l  

COD removed was about 66% for ni t rogen  deficient waste and 75% 

in t h e  n i t rogen  added waste. Microbial t rea tment  of s t a r ch  

B fac to ry  effluents was reported by alagopal -- et a. (1977). A 

s t r a i n  of C ~ n d F d a  y e a s t  was cultured i h  t h e  supernatant e f f l u e n t  

after sepa ra t ion  of  s o l i d s  and the  reduction of 3OD and COIJ 

was assessed. 

A s  discussed elsewhere, s t a r ch  c o n s t i t u t ~ 2  mme than ha7f 
1 

of the  waste rnzter ia ls .  The above t w o  s tud ies  nei ther  d e s c ~ i b e d  

the u t i l i z a t i o n  nor removal of the easily degradable starch 

from t h e  e f f l u e n t .  



" 2.i~. 203 e c l f S ~ o 7  id ->cntn-> Fermentation in the P r o d ~ l c t f  on 

of 24 ?:I-: < - > - T C ~  1 P r o t e i n  
I l r  

S o l i d  ~ . t z t e  f e rn~ :n t a t i on  (SSF) is a process whereby an 

fnr,oluble :::?l.strtte is fermented with  s u f f i c i e n t  moisture but 

wi thout  f r - - e  h - a t ~ l r .  In l i q u i d  s t a t e  f e rmen ta t i on  (LSF),  t h e  

substrhtc i5 s ~ l u b i l i z . e d  o r  suspended as fine p a r t i c l e s  i n  a 

large volumc af b-stcr, In most l i q u i d  s t a t e  ferrnent,qtion 

sys tem,  t h e  s ~ ! ! ? s t r z t ~  c o n c e n t r a t i o n  is a d j u s t e d  in the ranFe 

of 0.5 t o  6.0;:1 d e ? c r , 2 i n ~  upon the d e n s i t y  of t h e  s u b s T r k t t  

(Chahal, 1 j E 5 ) .  A1 ~ h o u g h  SSF has its own i n h e r e n t  prob lems 

it r e q u i r e s  no  cornpl~x c 8 ~ n t r o l s  and has  many advant:~ges over 

LS? which reqtl-res rig@:-aus c o n t r o l  of pli, temperature, 

ae ra t ion ,  f o m i  n g  and ayitation (Moo-Young - e t  * r  a1 7978). 

The moulds z r e  p re fe r red  for solid ' s ta te  fermentation 

because of  t h e i r  i n v a s i v e  growth pattern. The f i lamentous 

brznches groii- in the interparticle spaces and it can produce 

a wide r m g e  of rnz:imes to degrade carbohydrates. A number 

of f i l z ~ n r . : ~ ~ ~  f u n g i  heve been grown on solid substrates for 

ttle e:..trscr;i::-: c.: er! z:-m;. s or  f o r  s ing le -ce l l  p r o t e i n  p r3cuc t ion .  

r h ~ e  t o: -~z-  c5' ' I:! ;llytlcurn has been succ~ssfully grovm -- - 
on var.ic:.,r s . -%L '~ .  ;!',': l i k e  pulp and paper m i l l  s o l i d  wastes, 

p r e t r e a ~ ~ ~ d  ~ i r ~ . w ,  r ; w  a5d ac id-  and a lka l i -  treated hardwoo5 

saw d x t  (I,oo-kowig - et * a1 t 1977, A978; Chahal et al., 1951 ; 

Hecht et g . ,  7955). Ianrnent -- et al. (1978) developed a r no l i f i ed  







of s tarch and 4096 conversion of  P - l i m i t  d e x t r i n s  to glucose.  

Fogarty and Benson (1982 b )  reporte? t h a t  t h e  enzyze f r l n  

A. has r e l a t i v e l y  h i g h  a f f i n i t i e s  f o r  st;,rch, maltotriose. 
3 

and maltose.  

The a b i l i t y  to produce extr .?cel l_~-~lar  enz jmes  is wj.desprue-d 

amongst f u n g i .  In t h e  search lor gcorl > r o d ~ ~ c e r s  oI' c e l l u l o l y t i s  

enzymes, however, only r e l a t i v e l y  f e w  f u n g a l  species have been 

selected by var ious  research workers; such fungi are T r i c h o -  -- 
derma reesi, Chaetomium cellulolyticum, Asaergi l lus  tsrreus , 
etc. ( ~ a n d e l s  and Reese, 1957; Chahal et al., 1977; M i l l e r  

and Sr ini iras an, 1 979 . 
A s p e r ~ i l l u s  species a re  prefer~ed f o r  t h e  p r o d u c t i o n  of 

P-glucosidase, and a1 so for the t o t a l  h y d r o l y s i s  of cellulosp . 
Lots o f a - g l u c o s i d a s e  production have been r e p o r t e d  with Pkn?rglT- 

lus awami, _A. ~ h o e n i c u s  and A. niger. E n d o - P - ( l , ? i ) - ~ ; ~ u c a n a s e s  -- - 
(1.4-p-D-glucan 4-glucanhydrolase, EC 3.2.1 . L . )  are  one group 

of several c o m p o n ~ n t s  of c e l l u l a s e  c o z p l ~ x  ( 7  i r n r i a  zL:d Ctr ~ s h ,  

1981 ) which h y d r o l y s e s p  - 7 ,  4-glucosidic l i n k a g e s  i - n d ~ n l y  in 

native' c e l l u l o s e ,  

2, v. Hioffas f rom Organic Matter 

I 

Biogas product ion by anaerobic d i g e s t i o n  of non-f o s s i l  

biomass h a s  a t t r a c t e d  cons iderable  i n t e r e s t  in r e c e n t  y e i r s  

its a p p l i c a t i o n  to rural s i t u a t i o n  s i n c e  this is one o f  



t h e  methods of supplementing the fue l  supply ( ~ o s h i ,  7945; 

Swl, 7959; Xilliarns, 1977; S h ~ l a t  and Keria, 1977; Mxrtinez 

and Mulciz:.s, 1951). Methane is t h e  major c o n s t i t u e n t  o f  

natura l  gas obtcined f rom t h e  anaerobic d i g e s t i o n  of b iomass  

(Klass, 1?7<,), 

?'he anaerobic  digestion process of fe r s  a nurnbpr of 

sdvantiigw c..: -r other  f o r m s  of energy conversion: (I ) It 

p r ~ d * ~ c ~ s  a r e l a t i v e l y  c l ean  gaseous produc t  w!~ich can be 

r e a d i l y  u?graded ( ~ h o s h  and Xlass, 1977). (2) It ef  1 i c i e n t l y  

converts  t h ~  carbon of organic  m a t t e r  to a usable f u e l .  

(3) hlany t y g e s  of  organic matter i n c l u d i n g  organic  substances 

with high mo i s tu r e  c o n t e n t  are potential f e ~ d  s tocks  (Ghosh 

and Klass, 1976). ( 4 )  It is szfe, reliable and interconv~rti- 

ble ( ~ h o s h  and Klass, 1976; Picken and Fox, 1981 ; Picken and 

Hassan, 1982; Held and Konig, A982; Ahlers, 1982). Anaerobic 

d iges t ion  of agr icu l tu ra l ,  i n d u s t r i a l  and municipal waste is 

very impor tan t  for environmental  p ro tec t ion  s i n c e  it combines 

waste s tzb i l iza t ion  w i t h  net energy supply and a l s o  permi ts  t h e  

use of ungassified solid or l i q u i d  r e s i d u e s  as fertilizer or 

a n i m a l  feed o r  f i s h  feed. 

Si:-ic~ Vol.  -. i d e n t i f i e d  methane in m a r ~ h  gas in t h e  18th 

cerrtury, t k r -  f a c t  thzt organic  m a t t e r  decom~0: f t ion  u n ~ e r  

anzerobic c r ~ n d i t i o n s  will produ ce r n ~ t n a n e  has been known 

( ~ e ~ n r i l ,  1976). In 1895 t h e  gas c o l l e c t e d  from n s g e c i a l l y  

designed sept ic  tanJc  was used f o r  s t r e e t  l i g h t i n g  in t h e  city 

of Exeter .in Engla id  ( B e l l  et a,, 1975), 















Th.2 anac ro t i c  treatment of s t i l k a g e  from a l c o h o l  industry 

was ex:minrc! w i t h  a modified upflow anaerobic sludge blanket  

called t h e  upflow-flock reactor, and achieved 95% COD r educ t ion .  

A p r e l i m i n a r y  s t u d y  of t he  d i g e s t i b i l i t y  of s i l age  e f f l u e n t  in 

an upflow an3erobic f i l t e r  (UU) was c a r r i e d  o u t  by H a r r y  & 

a l .  (196?). The d o ~ ~ m f l o w  s t a t i o n a r y  f i x e d  f i l m  (DsFF) r c a c t s r  - 
Is one of s e v e r a l  types of retained-biomass r eac to r s  developed 

to achieve higll rates of methane p roduc t ion  and wzste t rea t -  

ment ( K e n ~ e d y  ct al., 1981; Vanden Berg and Kennedy, 7967 b ) ,  

The ac t ive  biomass growing on s t a t i o n m y  s u p p o r t s  could n o t  

r e a d i l y  be washed ou t  and reactors  could therefore w i t h s t a n d  

high h y d r a u l i c  as well as o r g ~ n i c  l oads .  The reactors were 

found capzble  of  hand l i ng  d i l u t e  and concentr~te s u b s t r a t e s  

(4 to 130 g COU/1)  and of c h a n ~ i n g  r e a d i l y  f r o m  one waste tc 

a n o t h e r  at high  ra tes  of methane p roduc t i on .  E f f i c i e n t  

digestion w i t h  h i g h  methane y i e l d  was d e m o n s t r a t e d  by t h e  

anaerobie f i l t e r  for t h e  digestion of high s t r e n g t h  l i q u i d  

waste 2nd s o l i d  biomass residues (cal leran,  a,, 1932). 

Chen -- e t  al. (1985) evaluated t h e  performance of a n a c r n b i c  

fl::idized, bed system d e s l ~ n z d  for the recovery of methane from 

l i q u i d  was te ,  with an emphasis on the  substrs te  u t i l i z a t i o r l  and 

gas p r o d u c t i o n  rates under d i f f e r e n t  ope rz t ing  c e n d i t i  a:ls. In 

t h z t  s:;steg thc COD renova1 was in t h e  range of 75 to 96% 

when eveluated a t  COi) loadings  between 5.8 to 108 nm3 dayw',  



hpdraulfc r e t e n t i o n  times of between 4.45 to 8.1, and feed 

COD cof icentra t ion between 400 to 9,030 mg dm-3. 

Messing (1 982) o x r a t e d  an anaerobic two-stage irnrnobi- 

b e d  microbe processor with a sewage feed'. It was d e s i g n e d  

for t h p  e f f i c i e n t  convers ion of the carbon in biodegredable 

molecules to methane and for t h e  ef fec t ive  t r a n s f ~ r  of that 

gas, 

haero5l . r :  d i g e s t i o n  of Stzrch f a c t o r y  waste 

Frost~ll and Sta f fans t rop  (1983) have evaluated t h e  

modified en~erobic-aerobic b i o l o g i c a l  treatment of s t a r ch  

i n d u s t r y  waste waters. . More than 90% Cob removal and 97-99,; 

BOD removal  was achieved by this treatment. The attempt made 

in t h e  treatment of waste from a Dutch maize starch f a c t o r y  

( ~ e t m e e l b e d r i ~ v e n  de ~ i j e n k o r f )  employing UASB anaerobic 

process was effect ive to reduce the COD load to 400 - 80fi 
mg/l (Original V00-11,000 m g / l )  at a sho r t  re ten t ion  time 

of 15-21 hours  (Zeevalkink and R a a s k a ~ t ,  1954). Trevalyan 

(1972) suggested that most of t h e  organic  compounds can Lc 

digested by anaerobic means r e l a t i v e l y  easy r:ith the efce.r;.",in 

>of f i b r o u s  materials. 



Present Work 

The pr-oblems associated w i t h  t h e  discharge of c a s ~ - v r  

s t a r c h  1 ~ c t o r y  ef f luents  i n t o  rivers and l n k ~ s  have be-n 

discussed by mzny workers (Thanh and P!u, 1975; Balagop21 et 

s., 1977; Cuseela &., 1980; Ku;unhi &., 1982). T h o u ~ h  

t he  e f f l u e n t  d i schwge  is a se r ious  threzf;, very li t t l c  a t t e n y t  

has been ~nacle to reduce the p o l l u t i o n  l o a d  generate:; by the: 

cassava s ta rch  factor ies .  An at tempt was the re fc re  maec f o r  

t h e  m i c r o b i e l o ~ i c a l  treatment of e f f l u e n t s  from a cassava 

s t a c h  f a c t o r y  l o c a t e d  on t h e  banks of Ashtamudi l a k e ,  ):erala, 

India, which has been pol lu ted w i t h  t he  discharge from t h e  

f a c t o r y  . 

Experiments were l a i d  ou t  for t h e  characterization of 

the physico-chemical nature of t h e  e f f l u e n t s ,  and enuner?tior: 

of v a r i o ~ l s  microorganisms of t h e  discharged effluents fron a 

larce-scxle and a small-scale s tzrch  f e c t o r y .  The p o t e n t i a l  

microorganisms especially yeas ts  were studied with a vic3w to 

t r e a t  t h e  e f f l u e n t s .  

I n v e s t i g a t i o n s  were made t o  assess t h e  rate of d e - r n d a -  

t i o n  of czssava sta-cki factory e f f l u ~ n t s  by t h e  proli- 

f e r a t i o n  of na tu ra l  contaninants urder  mb ien t  con<; i t i c ~ r l s .  

U t i l i z a t i o n  of cassava S ~ ~ I ' C I I  factory e f f l u ~ n t s  as 

a suastr7;te for SCP product ion w n l o y i n g  va r ious  yeas ts  z n d  





CHAPTER 3 

MATERTALS AND METHODS 



3.  MATERIALS AND METHODS 

3.1. Collection of Samples 

Effluent samples were c o l l e c t e d  from small-scale as well 

as large-scale cassava s t a r c h  f a c t o r i p s  in the Kera la  State of 

India. The primary 2nd s e c o n d a r y  e f f l u e n t  sarn7les were se3a- 

ra te ly  taken from t h e  phase of discharge.  They were brought  

t o  the  l abora to ry  in black polythene j e r r y  cans, and kept at 

0 0 4-7 C for s h o r t  time and at -7 C f o r  l o n g  t ime s torage.  Gene- 

r d l y  the analyses were coxp le t ed  w i t h i n  5 d a y s  of c o l l e c t i o n .  

Necessary p recau t ions  were t a k e n  f o r  t h e  c o l l e c ~ i o n  of e f f l u e n t  

samples as described in AOAC ( i i o r w i t z ,  1975) . 
3.ii. Physical ,  Chemical and r-8iocliemical Anzlyses 

.3.ii.1. - Ash 

Known volume of thoroughly  mixed sample was t aken  in a 

s i l ica  crucible and evaporated t o  dryness. The crucible was 

then t r ans fe r red  t o  an air- oven adjus ted  to a temperature of 

0 105 C and d r i e d  t h e  r e s i d u e  to constant weight. Ash was 

determined by i g n i t i o n  of t h e  dried r e s i d u e  in a muffle furnace 

a t  550'~ as explained in AOP-C (~orwitz, 1975 ) . 
S e t t l i n ~  proper ty  of solids in the  effluents 

T ~ E  settling propert;\- of s o l i d s  i n ~ t h e  e f f l u ~ n t s  was 

determined by keeping t h e  sam7les  in measuring c y l i n d e r 5  for 



15 min. S e t t l e d  solids were s e p z a t e d  by decanting t h e  

Supernatant ,  and t o t a l  z o l i d s  in t h e  s u y e r n a t a n t  so lu t i o r i s  

were estimated. 

Tot21 s o l i d s  an5 sus ;~ended s o l i t s  were d e t e r m i n e d  

accclrdinr ' t o  t he  A S L T J ~  S t a n d a r i ; ~  (1 979). T o t a l  solids were 

e s t ima ted  b y  evaporat i  nn i n  a water b a t h  it 100 '~  and  by 

0 dry ing  t h e  residue to c o n s t a ~ t  weight at 103 C in an a i r - o v ~ n .  

Measured vo1m.e of w e l l  mixed s a ~ p l ~  was f i l t e r e d  t h r o u z h  e 

f i l t e r  crucible ( ~ o o c h  c ruc ib le  w i t h  an evenly distributed 

asbestos f ibsr ) t!-la" p r e v i o u s l y  has been p r e p z r ~ d  an,; drl ied 

f o r  1 hr a t  103'~, c o o l e d  in z dessicai-or and weighed. A f ~ e r  

f i l t r a t i o n ,  the  con t en t  w a s  washed w a t e r  a n d  zir d r i t d  

for severa l  minutes mci oven d r i e d  at ?03 '~  f o r  1 hr. Cooled 

in a d e s s i c a t o r  and the  w e i g h t  of the s o l i c s  was accai:.r?ted 

as suspended s o l i d s ,  

3.ii. 4 .  P , i o c h e ~ i c d  oxvgen demand and c h e ~ i  c e l  oxygen d m a n d  

EZPj e s t i m a t i o n  was  cone by i ncuba t ing  Vie szrnples f o r  
0 5 days at 20 C i n  thc presence cf a c c l i a z t c d  5 i o l o ; i c a l  s y s t e ~ .  

The d i f f e r e n c e  ir, t h e  oxygen c o n t e n t  o f  the  sancle  zt tllc 

b e ~ i n n i n g  and  at t h e  end of i n c u b a t i o n  v : ~ s  taktr:  as t h e  g??sure 

of 303, C x y ~ e n  was d e t e r l i n e d  by e r n y 1 0 : ~ i n ~  t h e  yeti2d of 

Winkley a d  CGLt d e t e r m i n a t i o n s  were c a r r i ed  o u t  u s i n g  t h ~  



mdichromate method described in AOAC ( ~ o r w i t z ,  1 375) ,  

3.ii.5. Biofias a n a l y s i s  

The biogas  was analysed by gas chromatogra;?hy us ing  a 

Bewlett Packard Model 5840 A gas chromatograph w i t h  a b u i l t - i n  

e lectronic  i n t e g r a t o r .  

Column 6 '  I /8It dia carbosieve 

Column temperature - 6 0 ' ~  f o r  5 min . and 

then  temperatur 

grammed to 180' 

per  m i r i  and h e l d  at 

final temperature for 

10 m i n .  

I n j e c t i o n  temperature - 7 0 0 ~ ~  

T,C ,D. temperature - 3 0 0 " ~  

Carrier gas - Hydrogen at a f l o w  r a t e  

o f  20 m l  per min , 

The gzseous compounds w e r e  i d e n t i f i e d  u s i n g  a u t h e n t i c  

samples. 

GC-MS analysis of the  b iogas  was car r ied  out  in 2 Eewle t t  

Packard Model 5995 GC-MS sys tem using '15 meter c ro s s - l i nked  

methyl s i l i c o n e  f l e x i b l e  s i l i c a  column of i . d .  0.02 mm. 

3.11.6. Czrbon es t ima t ion  

The organic carbon in the sample was estimated by oxi- 



dising it to C02  in the presence of oxygen in a catalytic 

cQmbustion t u j e  at 900'~ (Zobinson,  1939). The carbon diox ide  

generated dur ing  the  combus-tion was es t imated  by absorbing 

f t in pot~ssium hydroxide. 

I n  a porce l a in  combus t ion  boat,  0.5 g m a t e r i a l  was taken, 

The boat w&s then placed i n s i d e  t h e  h e ~ t i n g  zone of comSustion 

tube furnace, Beeping temperature at 900'~. A stream of oxy- 

gen was passed  into t h e  combustion tube and close circuit 

connec t ion  was established with c a b o n  burette of t h e  carbon ~ . : d  

sulfur d e t e r ~ l n z t i o n  appara tus  (Cat. No.GL 37.0'1 Toshniwal 

Brotiners Pvt. ~ t d , )  f i l l e d  w i t h  zcidulated water to zero l eve l .  

After equal iz ing  the l e v e l  of t h e  burette znd l e v e l l i n g  bottle, 

the gas was twice or thr ice  gassed into absorption vesse l ,  till 

the absorpt ion of C02 in KOH s o l u t i o n  w a s  completed. The gas  

was then passed back -to bure t te  from abso rp t ion  vessel and 

difference in the  l eve l  was noted on an  adjacent  scale.  The 

reading arrived on t h e  scale of carbon bu re t t e  was m u l t i p l i e d  

by the correction factor from t h ~  pressare t e ~ p e r ~ t u r e  chzrt.  

2he r e s u l t  so cbtained was t h e  c ~ r b o n  p e r c e ~ t  in thtl s a m y l ~ .  

3. ii, 7. 5vG~ocvanic acid 

The presence of hpdrocyanic a s i d  (HCN)  w a s  exsc ined  as 

per the method given i n  AOAC ( ~ o r ~ i t z ,  1975). colour  of 

t h e  sodium picrate paper ( f i l t e r  paper dipped in 1% p i c r i c  

ac id  and las s o d i m  carbonate s o l u t i o n )  was turned to orange 



md then to brick-red i n  the presence of HCN. 

3.fi.8. N i t r o ~ e n  and biomass p r o t e i n  

h i t rogen  was estimated by t he  KJeldahl method as descr ibed  

Ln AOAC (horwitz ,  1975). From the ni t rogen value t h e  biomass 

protein was calculated (Mckenzie and Wallace, 1954)  Nitrogen- 

enriched mate r ia l s  were thoroughly washed wi th  water till t h e  

supernatant wash water was free of n i t rogen.  The residue was 

then analysed f o r  n i t rogen content. 

Y.ii.9. Determination of effluent pH 

The pH of the  thoroughly mixed sample was determined us ing  

a digital pH meter, Elico Model - L 1-1 20. 

3.ii.10. Extracellular p r o t e i n  

The ex t race l lu la r  protein was determined by t he  method  

of Lowry et &. (7951). 

Samples were cent r i fuged  at 1200 g f o r  15 min.to separate 

the s o l i d s .  The reducing sugar was determined in t h e  s u p e r n z t a t  

Using dinitrosalicylic a c i d  reage2-t ( ~ i l l e r  , 1959). 

Mixed 200 ml of  sample w i t h  20 ml of concent ra ted  H C 1  

(sp. 1.125) and refluxed for 2% hrs. Collected the  filtrate 



a d  estimated f o r  reducing sugar f o l l o w i n g  t he  method of 

Hiller (1959) us ing  glucose as the s tandard .  

6-Amylase w a s  es t imated  by t h e  procedure of Manning 

and Campbell (1961) at 6 0 ' ~  and pH 6.0. (Cine unit o f  d-ainylase 

ac t i v i t y  is t h a t  q u a n t i t y  of enzyme which hydrolyses '1 rng of  starc: 

per minute under specified conditions of assay). 

The amylo&lucosidase a c t i v i t y  in t h e  cassava s t a r c h  f ac- 

t o r y  waste dur ing  the growth of A s p e r g i l l u s  niger was es t imated  

as per the method of Ramasesh et al. ('1 982), a mo5if i e d  pro- -- 
cedure of T4iiles Chemical Labora to ry  ( I  963). Tne a c t i v i t y  

was expressed in I n t e r n a t i o n a l  U n i t s  ( I . U . ) ,  (An I . U .  is 

equal to t h e  /% of glucose released per minute per grm 

0 under the defined condi t ions  i,~. temp2rat;ure 60 C, pH 4.2 

and 4% s tarch  s o l u t i o n ) *  

The cellulase assay was based upon t h e  increase in reducing 

groups fo l lowing  incuba t ion  o f  cwboxy- methyl-  c e l l u l o s e  w i t h  

enzyme solution prepxed from the e f f l u e n t s .  Assay was carried 

out in ace ta te  buf fe r  (0.1 M, pH 5.0) at 40 '~  f o r  24 hrs. Bac- 

terial a c t i v i t y  was prevented by the a d d i t i o n  of antibiotic 

s o l u t i o n .  Reducing sugar formed by t h e  enzyme action was 



estimated u s i n g  dinitrosalicylic acid reagen t  ( ~ i l l e r ,  1959). 

(The specific a c t i v i t y  was expressed as t h e  mg of glucose  l i b e -  

ra ted/24  hr/100 mg p r o t e i n ) .  The  rotei in c o n t e n t  of enzyme 

extract wa2 determined by the  method of Lowry ct &. (1951 ), 

Luring t h e  growth cf - A. nicer in p r i ~ z r y  z t w c h  f ~ c t o r y  

waste t h e  e n d o g l u c ~ n a s e  activlty was e ~ - ~ i m z t e d  in t h e  s u b s t r a t e s .  

Subsamples of t h e  same enzyme extract ( 3 . i x . I )  , which was 

prepared f o r  the  estimatior.  of d - m y l ~ s e  zn5 my1oglucosi:i:re 

(3.ii.13 and 3 .ii.14), were u e d  f o r  t hc  endggluc.znase assay. 

The assay was carr ied  o u t  f o l l o ~ i n p  the methoe of P e t t c r s o n  

and Porath (3966).  ( Tne s p e c i f i c  a c t i v i t y  was e q r e z s e d  as t h e  

mg of g lucose l i b e r a t e d / 2 4  hr/100 ng protein) . The protein 

in the e x t r z c t  was est imated as Per t h e  method of Lo-~~r j ;  e t  21. - - 

3.ii.17. Amylase 

Subsamples d ram frorl t h ~  e f f l u e n t  s z i ~ ~ l e s  ( a r i ~ z r j r  

and secondary )  k e p t  in near;uring c ; , - l i ~ d e r s  were c e n t r i -  

fuged at 1200 c f o r  75  min. to remove t h p  solids. The suyer -  

na t an t  s ~ l u t i o n s  were used es t h e  enz;?n? s o r c e  f o r  a s s a y i n s  

amvlase and c~llulese activit:g. 

P o t a t o  s t a r c h  so l t l tFon (15;) waz  used as t h e  s u b s t r a t e  

in ace ta te  buffer (0.01 M, pH 4.8) .  Enzkme source was added 

and incubated at 30'~ f o r  24 hrs. 3acte : ia l  growth in t h e  assly 

system was a r r e s t ed  by adding a n t i b i o t i c  s o l u t i o n .  k l i q u o t s  



were analysed f o r  reducing sugar using d i n i t r o s a l i c y l i c  ac id  

reagent (Miller, 1959). 

Tne amylase a c t i v i t y  was expressed as mg of glucose 

l iberated per hour/700 m g  p r o t e i n ,  The method of Lowry et &.. 
(1951) was f o l l o w e d  for e s t i m a t i o n  of t h e  p r o t e i n  conten t  of 

the enzyme extract. 

iY ic rob io lo~ ica1  Methods 

3.iii. I. Tests  for c o l i f  orms 

The col i form b a c t e r i a l  counts  were mzde fo l lowing  the 

most  probable number (MPIi) method (Collins, 1976 1. 

3.1ii.2. Identification of mould i s o l a t e s  

Mould i d e n t i f i c a t i o n  was c a r r i e d  o u t  as per the  descrip- 

t i ons  given by Subrrvnanian (1971) and Barnett an6 Hunter (1972). 

3.iii.3. Identification of veas ts  

The yeasts  were i d e n t i f i e d  as per t h e  methods g i v e n  by 

Barnett -- ct al. (1 979) 

F l i c r n b i a l  enumerat ion 

Samples collected in sterile c o n i c a l  flasks w.re  t r a n s f e r r e d  

quant i ta t ively to measured volume of s t e r i l e  water for the pre- 

para t ion  of suitable dilution. One millilitre of a l i q u o t  was 

transferred to sterile p e t r i - d i s h e s  and 15-20 ml of aypropr iate 



media - poured in the convent iona l  manner. ! ,1art in1s r o s e  

b n g a l  agm  tin, 1950) with streptomycin, mzlt-yeast- 

~lucose-peptofie (pi-Y-G-F) agar w i t h  streptomycin, Luster's 

agar, and nl~trie~taagar   if co) were used for t h e  enumeration 

of f u n s i ,  yeaste, actinomycetes and bac te l - ia  res-nectively . 
P e t r i - d i s h e s  f o r  t h e  enuzerztior!  of  bzcteria  an^ yess ts  weye 

- ,G incubztl id zt j.! C a d  20 - + 2'~ r e s g e c t i v ~ l : ~  f o r  45 hrs. In 

the case of  zct inornycetes znd fur,gi the p l a t e s  were incuSated  

at  28 + 2 ' ~  f o r  144 and 72 hrs r e s p e c t i v e l y .  D a c t e r i a l  i s o -  

lates were r z i n t a i n e d  en n u t r i e n t  agar s l z n t s  and yeas ts  

on M-Y-C--3 agar slan-cs. P o t a t o  dextrose agar s l ? n A l s  w e r c  

used f o r  t h e  m a i n t e n a n c e  01 fungi anC ~ c t i n o ~ : ; c e t e s .  

3.iii.5. i.iicrobial ~ r c l i f e r ~ t i o n  i n  s t z r c h  fsctor-F7 e f f l u e n t s  

2t ~ x b i e n t  condi:ions 

P r i ~ z y  and secondary ef fluers"Ls c o l l e c t e d  from t h e  cassava 

s tarch factor)- were k e p t  sepwa-c l y  in 2 g l a s s  c o n t z i n e r s  

(measurin6 c y l i n c e r s ) .  %::c~ssive eva>oration was prevanted  

by ke2ping ax POGT tern7eratilrt.. Subsm?les \:ere drzvm f o r  

examinatian oYjecte:,ir=, y e z s ~ s  x L d  furgi. % r i d  d i l u c i o n  

. - technique w ~ s  i ail ov;ez ; or t he  en~r:e:-atioc oo ~ l r r o o r g ~ i  sxs 

using n u t r i e n t  ZZzr  9 M-Y-G-F zgw and r o s e  bengal agar f o r  

bactelxia, yeas t s  or.: fur,&, , respectivd y . The nut.1-i ~ n - t :  

0 agar p l a t e s  were incubzted et 37 C. Dzcte r ia l  grrn-th in PI-Y-G-P 

agar p l a ~ r s  ar?d r o s e  beng2l egar p1atc.s were suymressed by 

adding s t reptomycin.  



me p l a t e s  f o r  yeasts and f ung i  were fur ther  incubated a t  

28'~ .  The co lon ie s  developed a f t e r  appropriate i ncuba t ion  

were counted and t he  popu la t ion  was expressed as number of 

X colonies x 10 , where X denotes  the d i l u t i a n  r a t e .  T h ~ s e  

experiments were continued f rom the f irst  day of c o l l e c t i o n  

of samples to the t e n t h  day, both for pr imary  and secondmy 

eff luents .  

T - T o r p h o l o ~ i c ~ l  characters were determined as described 

by Harrigan 2nd T.;cZance <.t965),Bacteria were grouped on the 

basis o f  t h e i r  gram r e a c t i o n ,  s h a p ~ ,  s ize  and sporulation. 

3,iv. Fermenta t ion  of Cassava Sterck! F ~ . c t o ~ - - q  3 f f l u e n t s  

w i t h  "ezs ts  2nd Yez s t - l i k e  O r ~ a n i s m s  

Lany c e l i u l o s i c  and s ta rchy  m a t ~ r i a l s  can be fermented 

with microorganisrsls ( i i t c h f i e l d ,  1983). I n  t h e  p r e s e n t  s t u d y  

cassava s t a r c h  f z c t o r y  e f f luen t s  were used. 

FI-esh ~ r i m ~ y  e f f l u e n t  samples we re  c o l l e c t e d  an: enr iched  

with m o d i f i e d  basal  media ( ~ a c a ,  A982), B a s a l  media composi- 

tion was : 

Yeast extract 0.01% 





6 C, va l ida  - cell count 70 x I 0  / ml 
I 

G. candidurn n 
6 

e 
720 x I 0  /ml 

C. u t i l i s  tt - 300 x 1 06/m1 

E. f ibul i j ie r  ~t 
6 - 17.6 x 10 /ml 

E. magnusi t I - 6 8.4 x 10 /ml 

5.iv.4. Analysis 

Samples were drawn at i n t e r v a l s  of 0, 24 ,  48,  72 ,  96 

and 120 hrs f o r  the  f o l l o w i n g  a~alyses. 

a. Cell count 

The number 02 cells in thc cul ture  media was counted 

under microscope, PZO warzava Bio log ica l  MB.70 by means of 

,a Neubauer (improved) chmb:r (0.100 m, I /400 qmm) . 

Samples were cen t r i fuged  at 3200 g f o r  15  min. to s e p a r a t e  

yeast cells and solids. The supernatant was analysed for f r e e  

reducing sugar as explained by  lliiller (I 959). 

c. Starch 

Known volume of c u l t u r e  b ro th  was c e n t r i f u g e d  at 1200 g 

for  75 min,  and sedimented solids were ana lysed  for stzrncl: as 

described prcv ious lv  in 3 .  ii, 12. 

d. Biomass protein 

P r o t e i n  c o n t e n t  of  t h e  biomass was estimated us ing  t h e  



method described in 3.ii.B. 

3.v. Fc-n?nt-tion of Cassava Starch Factory Secondary 

-22 L- - 1-uent w i t h  C. u t i l i s  and E. f i b u l i ~ e r  - - - - -  
I n c t e ~ d  of the pr imary  effluent, secondary e f f l u e n t  was 

fermented ;%:iJ;h C-. w i s  and -- f i b u l i ~ e r  separately. The 

e f fec t  o f  2:-#ichment was also ztudied by f e r m e n t i n g  non-enriched 

secondary effluent, 

Cell density of the sus?ension of - C. u t i l i s  and g. f ibu l ige :  

6 6 
was 715 x 10 /ml and 70.5 x 10 /ml respectively in a l l  t h e  expe- 

riments ar,G both  were inoculated a t  t h e  rate of 4.01L. Though the 

e x p e r b e n t s  xere conducted in the  same manner d e s c r i l x d  in 3 .iv. 

it was teri.,inated at 72 hrs. 

u t i l i s  with E. f i b u l i g e r  g& C, u t i l i s  - - 
w i t h  L. magnusi in t h e  Primary E f f l u e n t  of Cassava St=ch -- + - 

Unlilce the methods followed ear l ier ,  here two cul tures  

were s in t lL$aeous ly  added in the sterile prinary eff luent  and 

the  e :>er iaen t s  krere repeated in the same manner described in 

3, iv .  C k l l  density of the  suspension of - E. f i b u l i ~ e r ,  g. m q n u s i  

6 6 6 md C. u t i l i s  were j060 x 10 /ml, 15.5 x 7 0  /ml and 2180 x 10 /ml 

r e s p e c t i v e l y .  The - E, f ibuliger and - E. ma~nusi were inoculated 

a t  a rz:e of 4.0% and - C. utilis zt a r a t e  of 2.e;. The cell 



numbers were determined by se r i a l  d i l u t i o n  technique using 

R-Y-G-P agar for - C, u t i l i s  and P-D-P agar f o r  - 5. f i b u l i ~ e r  and 

En magnusi. The analyses. of the samples inc luded  COD, BOD and 
I 

@ in addi t ion  to the parameters described in 3. iv .4 .  

lis and E, f i b u l i g e r  in the 
- 

Secondary Effluent of Cassava S t a r c h  F3ctorg 

The secondary e f f luen t  was fermented by co-culturing of 

C, utilis and E. fibuli~er. Non-enriched secondary e f f luen t  
L - 
sample was a l s o  fermented in t h e  s m e  manner. Procedure f o l l o t r e d  

here was t h e  same 2s described in 3.i~. Chemical oxygpn de5and 

of t h ~  e f f l u e n t 2  of f ~ r m e n t e d  s a ~ ; ? l e  was a l s o  estimated using 

the same technique d e s c r i b ~ d  earlier (3.ii , 4 ) .  Serizf d i l u t i o n  

technique was fol lowed f o r  the estimation of s. u t i l i s  and 

E, f i b u l i g e r  u s ing  Pi-Y-G-F. agm and F-11-F agar recpectiv~ly. 

3,viii. Co-cul tur iw of C, u t i l i s  an? g. f i b u l i g e r  in the 

P r i m a r v E f f l u e n t  of Cassava Sta rch  F a c t o r v u n d e r  

Konitored Condi t ions  

Co-culturing, of - C. u t i l i s  and g. f i b u l i ~ ~ r  w a s  c a r r i e d  

out in a 7 1. Chenap Laboratory Fermentor.  The cond i t i ons  

monitored in t h e  fermentor were: 

Temper zture - 
PH - 
S t i r r i n g  - 
Aeration - 



b e  po?ula t ion  of - C. u t i l i s  and - E. f i b u l i g e r  was maintained 
6 6 a t  TOO x 70 /ml and 680 x 10 /ml r e s p e c t i v e l y  in the inoculum 

samples. E. f ibu l ige r  was added at 4 . b  l e v e l  and a f t e r  4 h r s  

c. utilis was added a t  ;he rate of 2.45;. Samples were drawn 

at  0 h r  t o  60 hr at 4 hr i n t e r v d s  and ana ly sed  f o r  p r o t e i n #  

Peducing sugar, s tz rch ,  COD and BDL. Tot& c e l l  counts  were 

also s imul taneous ly  made as described in 3.v i l .  

3. ix, Fermentation of Cassava Stzrch Fact0r.y h ~ s t e s  w i t h  

p s ~ e r ~ i 7  lus n i ~ e r  

Primary  e f f l uen t  c o l l e c t e d  from s t a r c h  factory was con- 

centrzterl an(: d r i e d .  Two k i n d s  of samr~l~s were prepared:  

the first s a ~ p l e  with a n u t r i e n t  solution containing t h e  

following i n g r e d i e n t s  (Hecht & g . ,  1985 

and the ~ e c o n d  saiple w i t h o u t  the a d d i t i o n  of n u t r i e n t s .  I n  

both c3ses t he  n o i s t u r e  l e v e l  was a-justed to GOib .  

A s t r a i n  of Aspergillus n i ~ e r  (RnL-T2) w s  used f o r  the 

Study. Ibe fungal c u l t u r e  was maintained on p o t a t o  dextrose 

agar slants. One week old cu l tu re  m a i n t a i n e d  at 3 0 ' ~  was gsed 

for  t h e  prepara t ion  of fungal  spores. 



The samples weighed 

500 ml Erlenmeyer f lasks  and autoclaved at 121'~ f o r  20 min. 

f inga l  spore  suspensions were prepared in sterile water containing 
6 1 pe rcen t  tween 80. Two m i l l l l i t r g  of spore suspension (11 x jO / 

was inoculated to each f l a s k .  Samples of both kinds were 

incubated at 3 0 O ~  for '120 hro. 

?he samples were drew a t  d i f f e r e n t  intervals for t o t a l  

protein arlalysis after fermentation with k ,  niger. A n a l y ~ i s  of 

pro te in  r:.s cmried  out by the  sane method followed in 3 .  ii .8, 

3 .ix .l,Z>:trzc t i o n  and a n a l v s  is of enzymes 

Sam;:les drawn at d i f f e r e n t  i n t e r v a l s  ( 0 ,  24 ,  48, 72, 

96 and 123 hr) were homo~enised  w i t h  d i s t i l l e d  water by stirring 

for  15  m i r ? .  The ext rac t  was analysed for 6-amylase, amylo- 

glucosidase and endoglucanase , 

3 . x .  Am.2ro-:~i~ Bermentation af Cassava Starch Factory 

Ef  f l u ~ n t s  fo r  ~ e t h z n o w n e s i s  in Batch Digesters 

S i n g l e  stage batch digesters were fabr ica ted  in the 

l a b o r a t o r y .  

Lrlenmeyer f l a s k s  of one I i t r e  capacity which served as 

digesters were stoppered wi th  bend tube inserted rubber corks 

(Fig. 5 A ) .  Similar ly  seven litre glass b o t t l e s  were a lso  used 







cessation of gas product ion frorn this d i g e s t e d  s ludge was 

tested f o r  30 days. 

3 . x i , 2 .  Feedinx material 

T o t a l   solid^ - 8.03C/l 

Carbon - 78.84; 

Enr ichne i~ t  ( u r e a )  - 0.5 r = / ~  

PH - 7.0 

COD - 6 5 ,  O W  ~ : / l  

0 
The above rc2-t-rial 7::2s kfgt e t  5 i and S~o<~;ht to 

roorr? tenperature before f eed ing .  Fresh s m p l e  s \ e r e  ?? ded 

to t h e  digester con ta in ing  1 1. . d iges ted  mate r i a l  t h r o u g h  

the . i n l e t  of t h e  digester. T\(:o ex~er im m t s  were conducted 

hdth 20 ml (1,300 mt; COS) and 100 ml ( 6 , 500  m" CUE) 0:' Feeding 

material till t h e  gas p r o d u c t i o n  was reduced a l m o s t  to n e g l i c i b l e  

amount. S ince  it w a s  fo;md thas 2fter 4 days of d i g e s ~ i o n  t h e  

r a t e  of gas produc t ion  w a s  n s ~ l i g i b l y  l o w ,  subsequent  e?:-jerinentz 

were con-cinued only Tor 4 days, me o t h e r  experim2nts - e r e  

conducted by adding 40 r n l  (2,600 rng COD) ,  120 r n l  (7,800 ng Cd3) 

and 140 ml of t h e  e f f l uen t s  (9,100 mg Ccs) to t he  d i g e s ~ e r .  

The experiments wer'e r epez .~ed  5 to 6 times. CX-e v:as t d : e n  

to maintain t h ~  t o t &  v o l u m ~  o f  e f f l u 2 n - t ~ .  constant v;knever 

fresh savples  were added .  

Thqso lu t  i o n  ir! the d ige s t e r  w a s  mixed thoroui7hly 

thrice a day  f o ~  2 min. each t ime with a m a g w  t i c  stil-r~r . X 3  the 





- x e m  v 2 , ~ e  of the c o n t r o l  smple  

- sal , j le  varixtce of the t r e a t e d  sample 

- razple v u r i s n c e  of the c o n t r o l  sample 

- n u n i e r  ol 03s - rva t iozs  in each smple 
( s e ~ ~ l e  s i z e )  



CHAPTER 4 

RESWLTS 



4 .  RESULTS 

hi, E%vsico-chemical and Microbiolo~icaL Characteristics 

of Car;:ava Starch Factory (C.S.F.) E f f l u e n t s  

The e a s i l y  degradable carbohydrates present in the cassava 

Btarch factory e f f l u e n t s  support  t h e  growth of microorganisms 

and subscqu!?n.tly cause imbalance of n a t u r a l  c o n d i t i o n s  in and 

around t h e  place of discharge (~igs, 2A,2%, 2C 8( ZD) , In order 

t o  study trle e x t e n t  of p o l l u t i o n  load, samples of effluents 

collected from v a r i o u s  s ta rch  factor ies  in t h e  S t a t e  of Kerala, 

India, w e r e  malyz,ed. Attempts  were also made to unders tand 

various rnicroorg,~inisms present  in the effluents, Results of 

the  s:rsternttic analytical study of the effluents are conso- 

l i da ted  here. Samples of e f f l u e n t s  discharged at different 

phases of  the :;t:-rch extraction in small-scale and large-scale 

s t a r c i ~  f a c t o r i e s  were separate ly  analysed to understand the 

vcarious physico-chemical and microbiological charac%eristics 

of t he  e f f l u e n t s .  .cT 

4. i . l .  Pl~vsico-chemical charact,eristics of primary effluent 

f r o n  lar~e-scale starch factory - 

The t h i c k  creamy-white a c i d i c  slurry obtained from large- 

scele st, rcl-1 2 - c t o r i ~ s  d u r i n g  the primary stake of s ta rch  

extrac l i o n  rnias a - i ~ a r e n t l y  d i f f  el-ent from o t h e r  effluents 

prims: , i ly  d u e  to the presence of higher quantity of organic 

motti.1- (1 '2blc 1 nnd Fig. 2 . 7 ~ ) .  The BOD of the primary 











diminished to 0.45 before ge t t ing  t h e  maximum a c t i v i t y  on 

the fifth day (0.95). Some reduction in the amylase a c t i v i t y  

was observed on the s ix th  day (0.35). Then it 1-radual ly  

increased to 0.52 on the seventh dzy and to 0.62 on t h e  eighth 

day.  A decreasing t r e n d  was observed t h e r e a f t e r .  

b. Reriucinfi s u ~ m  con ten t  

The r e s u l t s  obtained for t h e  reducing sug-:r cofitent of 

the x i m a r y  efl"1uent are ~ i b e n  in Table 7, I n i t i a l  reducing 

augz conten t  of thebrimz-y e f f l u e n t  bras O,.C)36,t (w/v> whic5 

vms reduced to 0.015F: on t h e  next day. The reducing sugar 

values for t h e  successive 8 days were 0.0135;v, 0,017;~, 0,01r/;: 

0.004,~, 0.01 j ~ . ,  0 , 0 0 ~ ; ,  0.007:; and 0.008;; respect ive ly  (Fig. 2.63. 

In the secondary effluent the i n i t i a l  reducing sugar 

contellt  was 0.03156 (w/v). It was diminished t o  3.016S on 

the  second day. The sugar content f u r t h ~ r  decreased to 

0,0125. on the third day and 0.015: on the f o u r t h  day. There 

wzs s l ight  increase in t h e  s u g z  content on the  f i f t h  day 

i.e. 0,0175;. Thereafter a gradual r e d u c t i o n  in the reducing 

s u g z  l e v e l s  was observed ( ~ i g .  2.5). The reduc ing  s u g x  

level_s were 0.011::, 0.005':':, O.OOT:, 0.094:; =d 0.'30&5 or, t?ze 

sii;t:i, seventh ,  e i g h t h ,  nin* and tenth days r e s p e c t i v e l y  

[ ~ z b l e  8). 

T h e r ~  was no cell~lase ectivity in the primmy as well 

as s ~ c 3 n d a r y  e f f l u e n t s  t h r ~ u z h  out the 10 days of incubation. 



c, Biochemical oxvgrn demand, chemiczl oxygen demand and p H  

chanaes in cassava s tarch  f a c t o r y  effluents a t  ambient 

coadit i o n s  

When the primary e f f l u e n t  w a s  kept a t  ambient cond i t ions  

for 10 days the BUD of t h e  primary efZluent was increased from 

14.V g / l  to 15.36 g/ l   able 7 ) .  It wzs observed t h a t  d a r i n g  t h ~  

10 day+f incubation, COi) was decreased from 37.20 g / l  to 

35.30 g / l .  The e f f l uen t  becvne more acidic as indic~ted by 

the pH decrease from 4.4 to 3.0 ( ~ i g .  2 .7 ) .  

'In the  case of secondary e f f l u e n t  the initial BUD of 

3.57 g / l  was reduced to 1.94 g / l  and COD of 3 -95 g/l to 2.58 g/l 

a t  the end of 10 days s to rage  at ambient conditions ( F ~ E .  2,~). 

Corresponding v-lrietior,  i n  pii of  the secondzry e f f l u e n t  >:as 

from 4.5 to 3 * 7  (Table 8 ) .  

d ,  Effect of gravitv s e t t l i n s  

The r e s u l t  of g r z v i t y  s e t t l i n g  exper izen t s  i n ~ i c a t e d  the 

separat ion or" 41.3071 of  t o t s 1  solids and thereby 2 r e d u c t i o n  

of 48.42,3 BE13 and 49.55;; C C L  of t h e  secondzry effluent duririg 

15 min . ('i'able 9 & Fig. 2.3) .  Eut  the grav i ty  settling did 

n o t  he lp  the sepwat ionofso l ids  in the p r i m m y  e f f l u e n t  (Fig. 2 - 2 )  

4.ii.2. rb:lcrobial proliferation in casszvz s t a r c h  f a c t o r y  

e f f l u e n t s  at ambient conditions 

The growth of microf lora  in the e f Z l u c n t s  discherged 

f ron  sta-ch fac to ry  a f t e r  d i f f e r e n t  incuba t ion  p e r i o d s  was 



studied in deta i l .  The main focus was on bacter ia ,  yeasts 

a d  fungi   able 10 and 11). 

Rapid m u l t i p l i c a t i o n  of t h e  b a c t e r i a l  c e l l s  was n o t i c e d  

i n  the cr iaary  e f f luen t  through out  the per iod  05 obse rva t ion  

Up t o  n i n t h  d a y  of i ncuba t ion  and t h e  bacterial population was 

6 0.09 x 10 /ml c e l l s  on t h e  n i n t h  dzy of i n c u b a t i o n .  k f t ~ r w a r d s  

there was no i n c r e a s e  in thv bac t e r i a l  popala t ion  ( F i g .  2.4). 

b 
The yeast coun t  of t h e  nrim-.jr e f f l u e n t  :.:as 0.6 r. 10 /ml 

on t he  first day. The number of cells sudden1:y i ~ c r e a s ~ d  to 

6 6 4.0 x 70 In1 on t h e  second day  and a7ain i ~ c r e a s e d  t o  30 x 10 /ml 

on the  t h i r d  da;;. F u r t h e r  m ~ l t i : ~ i i c a t , i z : !  sf j -eas ts  in t?;e 

6 primary e f f l u c n t  was n o t  as r a p i d  as e a r l i ~ r  (39.4 x 10 /ml, 

6 6 6 54.4 x 10 hl, 62 x 10 /ml and 100 x 10 /ml on t h e  f o u r t h ,  

f i f t h ,  sixth, anci seventh days r e s p e c t i v e l y .  k s t a t i o ~ a - y  

phase in t he  grokrth was observe6 f ~ o m  the  seventh day excegt 

small v a r i a t i o n s  in t h e  y e ~ s t  c ~ l l  cour-ts on t h e  eighth 

b 6 (93.64 x 10 /nl)ninth (97.0 x 70 hl) and t e n t h  days  (9c,!.SS x 

lo6/ml). 

J:axirnur grolirtl: of rnoald uss r ~ o t i c e d  on 6th day (75.51; x 
6 

10 /ml) d u r i c g  i ncuba t ion  at m b i e n t  c o n d i t i o n s .  -4fter a l a g  

in the crot.-th on seventh,  eighth arid n i n t h  days t h e  mould n u ~ b ~ r  

b agein ir?_zrezsed to 73.0 x 10 /nl on ter,t;h day. 

1 : s c t e r i ~ l  p o : ~ i l l ~ ? i @ r .  i n  t h e  r. .econ?a~y e f T l u m t  at t h e  

6 b e ~ i n n i n g  w a s  30.08 x I 0  /ml. There was a gradua l  i n c r 7 ~ a s e  





S i g n i f i c a n t  reduct ion  in the s t a r c h  content was n o t  

observed during 5 days growth of C, v a l i d 2  (Table 12). 'lhe - 
i n i t i a l  stasc1-1 content was 2,23%(w/v) and t h ~  f i n a l  s tarch 

content after 5 days of i n c u b a t i o n  was P.044t. There was a 

gradual  increase in t h ~  t o t 5 1  c e l l  count of yeas ts  in t h e  

.rnec!ia which m~ltiplied i ~ i t i a l l y  u s i n g  t h e  f r e e  zugzr  ~ v ~ i l a -  

ble md ~s a resu1 . t  the i n i t i c l  ref lucia7 s-d;-Er c?r .cen t ra t ion  

of 0.016;. was decrezsed to 0 . @ ~ 6 ' ~ >  by  2 A  hr i n c u b s t i o n .  lhc 

6 f n i t i z l  c ~ l l  c o u n t  i n  t h e  m ~ d i u r n  !+:as 27.2  >: 1 C  / m l  a n 5  t h e  

5 6 cell nuinbsrs ~ T I C T E Z S P ~  t o  30.0 x 10 / m l  and 50.7 x 10 /ml at 

24 anc 46 hrs res:ectiv~ly. The c o r r e s p o n d i n g  p r o t e i ?  cnntent 

wes z l s o  rn~ximum 2t 48 hr (0,105:'- w/v) z s  again~t the i n i t i a l  

pro te in  c o n t e n t  of 0.0655.. Th2re w a s  a ,rr.zdual r e d u c t i o n  in 

the bioxzss  p r o t e i n  c o n t e n t  s u p p o r t i ~  t h e  va lues  of c e l l  

numbers a f t e r  45 h n e f  i n c u b z t i ~ n .  'i"n~ cell count  at 72 hr 

6 of  i n c ~ - x s i o n  was 42.3 x 10 /ml zqd t h e  carresponb5ing percen- 

tage of ~ ~ u t e i n  wzs Ci.102 . A reductiur:  !in zke cell count  

and r < t ?  ln c o n t e n t  W Z S  C ~ S ~ T V C ?  d u ~ i r , g  f u ? - t i h e ~  i i c u S z t i o n  

(Fig. 3*5 afid 3 * 4 ) .  

F ~ f ~ c  res-clts  OR t h e  p ~ r f  o r m a c e  0 2  E. candidurn in t h e  

prim=? e Z 2 l u ~ n t  are g i * - e n  in t h e  Table 13. Though the 

i n i t i a l  s t a rch  con ten t  was 2.34% a f t e r  4 days of  i n c u b a t i o n  



there was n o t  much r e d u c t i o n  in t he  total s t a r ch  c o n t e n t  (1.957;). 

The i n i t i a l  reducing sugar was 0.Q257i and t h e r e  was s i g n i f i c a n t  

reduction in t h e  reducing sugar during 24 hrs of  incube t ion  

(0,009>0}. A t  t h e  end of observa t ion  (120 hr) the  t o t a l  redu- 

cing sugzr con ten t  was only  0,007$. The cell count increased 

gradual ly d u r i n g  the i n i t i a l  3 d a y s  and t h ~ r e n f t e r  t he  cell 

Count was rne in tdned  u n i f o r m l y  t \ roughout t h e  pe r iod  of obser- 
b vation. The i n i t i a l  c e l l  count was 54.35 x 10 /ml and on t h e  

b third day it {-.!as increas~d t o  101.0 x 1 C1 /ml and thereafter 

t he re  was no  inc rease  in t h e  cell count.  Z i m i l z l y  the protein 

content  a l s o  increased from 0.7251' to t h e  h i g h ~ s t  concentration 

of 0 . 1 7 5 S v d u r i : ~  72 h r s  of i n c u b s t i o n ,  The ?rotein c o n t e n t  

decreased thereaf t.:r ( Pi,?. 3-41 . 

';hn u : i l iza t ion ol" s t a r c h  c u r i n g  5 da: - s  cf i n c u b ~ t i o n  

o f  C. u - t i l i s  in t he  effiu~~t was o r ~ l y  O.OE-. (Tablp I b ) ,  Yut 

the conteent cr" free r e d u c l n g  suc2 r  of t h e  e f f l u e n t  was reduced 
- 

from 0.052;- to 0,009:: dtlr ing 24 hrs of incuba t ior , ,  F u r t h e r  

zssimilstior. of sugzr was very s low zes it hzd re2c"ried .z l e v e l  

of 0.007;~~ by 120 hr of incubztion. Though t h e  i n i t i a l  cell 
6 count wa: cn ly  17  .% x 10 /ml it 6 r e ~ c h c d  64.58 x '10 /ml 

afte? 72 hrs of incubation. After 72 hrs the re  b:as a r e 6 u c t i o n  

in t o t a l  c ~ l l  count  p r o t e i n  c o n t a n t  (Figs, 3 . 3  anz 3 . 4 ) .  

m  he cn.rivel-sion of s t e r c h  i n t o  r e d u c i n ~  sugm w z s  



obviously apnreciable during t h e  growth of g. fibullger 

(Table 15). The initial starch of 2.38% was reduced to 

0.45'iL by 720 hr of i n c u b a t i o n  (~ig. 3.1 ). Incessant  growth 

6 -of t h e  organism l e d  to the  increase of cells f rom 0.55 x 70 /ml 

to 10 .62  x lob/ml and a corresponding increase o f  p r o t e i n  from 

0.02972 to 0.182%, During the growth phase, t h e  hydrolysed sugar 

was assimilated as a r educ t ion  in r educ ing  sugar was observed 

a f t e r  48 nrs at which t h e  sugar con ten t  was 0.075:';. O n  t h e  

f i f t h  day t h e  sugar c o n t e n t  was s lowly  r e e ~ c e d  t o  0.032% 

(Sig. 3.2) .  

.About 1.8255 s t c ~ c h  o u t  of  2.7&$. was degraded by f;. ma~nue i  

dur ing 120 hrs- of fermentation. Maximuq r e d u c i n g  sugar  content  

was observed a t  48 hr (0.07151), un?_ike t h e  cell nurnbnr and 

p r o t e i n  c o n - k n t  which w a s  four,d m a x i m u m  at 120 hr (89.94 x 
6 

10 /ml and 100.159: respectively ) . E u t  sizniTicznt L. p r o t e i n  

increase was observed a f t e r  45 hrs (T'a51c 16).  

. - 4.iii.2. Performance of C. LJLU-S 2nd r. +fl EUI i ~ e r  in the 

enriched z n d  non-enriched s e c o n d ~ r y  effl.trents of 

casLava s t a r ch  f a c t o r y  

In both enriched and non-enriched secondary e f f l u e n t s  

the  s ta rch  was not u t i l i z e 2  by - C ,  u t i l F s  ( ~ a b l e s q 7  and 18) 



During 72  hrs o f  incubat ion in t h e  enriched and non-ersiched 

secondary e f f l u e n t  samples o n l y  0.01% of s t z r c h  was u t i l i z e d  

by's. u t i l i s .  Free sugar  was r e a d i l y  u t i l i z e d  in t h ~  en r i ched  

e f f l u e n t  du re i rg  d i f f e r e n t  da;ys of i n c u b z t i o n  ( F i e .  3.61, The 

i n i t i a l  sug2.r  corltent of fl.025;f was reduced to c.oD?::': by 72 hr 

of incubation. In t h e  non-enr ichr ld  ssrrtl~s t h e  i n i t i a l  frpp 

s u g r  w a r  0.030:; and it was reduced o n l y  to 0.01 2,% at 72  hr 

of incubation. Tbe cell dencity a f t e r  72 hrs of incu' :~a?ion 

6 6 was 375 x 70 /nl and 255 x 10 /ml in t h e  e n r i c h ~ d  and S~ZII- 

( ' I  enr iched e f f l u e n t  sm~jles res ,?ect ive2y.  lhe corresponr : ing  

p r o t ~ i n  c o n t e n t  w a s  0.21 3:: 2nd 0,191:~ r e ~ , ? ~ c r i v & l y  f o r  

enriched zad non-enriched effluents. 

- - 
r h ~ a r L L y  50Si of  tile ,c..t?.>.ch ;resent i i r ,  the er--2 c h ~ c :  secon- 

dary eff'uent w a s  converted t o  r e d u c i n z  s u g a r  by t h e  h y d r o l y t i c  

a c t i v i t y  c T  I;. fihuliqer d u r i w  72 h r s  of c u l t u : - i q  (Fig. 3.5). 

.But degrzde t io r i  ef s t z r c h  res  slichtl:; l e s e e r  in t h e  non -enriched 

secondwy eZf1uer.t (44.0::). Ir!i:iz?ly i n  r h ~  enriched ~ m y l e s  

u t i l i z z t i  on of reduci n r  s u r Z F  v - 2 5  f ~ ~ t e r  t!:z:: t h e  n?p-c r r i r h e d  
C - 

s a ~ p ! e ~  (Tsbie 13 and 2 0 ) .  F y  72 hr, t h o  red;rir? s u g o r  l c \ ~ o l  

wss 0.008.~ b u t  t h e  corresponhCir,s f igu7c ,c  i n  t h r  non-enr iche6 

S W I ~ ~ P  was 0.070 ,. 
. Maximun cell c o u n t s  W E I . . ~  found i n  t he  48 hmo16 sam?les 

6 (375.72 x 30 / r n l ) .  B J ~  in t h e   nor^-enriched effluent ma,-:irnurn 



6 cell count  was recorded as 335 x 10 /ml at 48 hr of incubat ion  

(Fi&. 3.7) .  The pro te in  con ten t  of the enriched samples inc rea -  

sed from 0.096 to 0.19336 during 72 hrs of incuba t ion .  At t h e  

sane t ime in t h e  non-enriched samples the p r o t e i n  content  

reached only to 0.175% ( ~ i g .  3.8) .  

4 . i i i . j .  Co-culv~r-im of C. u t i 7 i s  with E;. f jbut i cer  and 

- .  LT, IL- w i t h  E. -us1 in the pr imary  e f f l u e n t  

of czs:.ava s t a r ch  f a c t o r y  

The r e s u l t s  given in t he  Table 21 s k ~ a w  t h a t  there was 

degredation of starch at a s i g n i f i c a n t  rate during t h e  growth 

of g. f i b u l i ~ e r  and C. u t i l i s  (3.23% to 3 .53$). Reducing sugar 

content  increased from 0,05 % to 0.58% at 45 hr and this 

again reduced to 0,16846 at 120 hr (Fig.  3.10). There w a s  

profound growth and multiplication of - C. u t i l i s  and - E. f ibuliger 

in t h e  e f f l u e n t  an6 the  C, u t i l i s  count w a s  281.08 x 1ob/rnl 
6 . a n d t h > . ~ o f E .  - f i b u l i ~ e r  w a s 1 7 8 . 7 5 x 1 0 / m l a t 1 2 0 h  

of incu 'kat ion (Fig. 3 .I 1 1. Corresponding to the  increzse in 

t he  cell count there  was increase  in the p ro t e in  content 

( p r o t e i n  con ten t  increased  from 0,137: to 0.295%). brine; 120 hrs 

of growth a s ign i f i c an t  and e r a d u d  r e d u c t i o n  of COD from 68.29 

g/l t o  6.71 g/1 and BOD from 20.82 g / l  to 5.12 g/l were 

observed ( ~ i ~ ,  3.14). A t  the  end of observation t h e  pH of 

the  e f f l u e n t  was found to be lowered from 4.80 to 3.20. 



8 .  Sandida ,- and WCODS~ w s i  

There was a r e d u c t i o n  in t he  s t a r c h  c o n t e n t  from 

3.25% to 1.66~; du r ing  120 h~ growth of t h e  organisms ( ~ 1 ~ .  3-91. 
a /YO 

mere was1 a r e d u c t i o n  in t h e  reduc ing  sugar c o n t e n t  from 0.051% 

t o  0.00536 d u r i n g  48 hrs of i n c u b a t i o n  (Table 2 2 ) .  Thc r e d u c i n g  

sugrr c o n t e n t  suddenly increased and r-cached 0,8117;, a? 120 hr 

of i n c ~ b a t i o n .  lke g r o ~ t k i  oZ - E, n a p u s i  w a s  found to be q u i t e  

6 6 slow (0.59 x 70 /ml to 8.67 x I 0  In1  with ?20  hr). In t h e  case 

6 of - C, utilis t h e  c e l l  coilnt increased to 133.74 x 10 /ml by 96 
6 br from t he  i n i t i d  count  of 39.95 x 10 /ml. L-t  120 hr of 

6 i ncuba t ion  t h e  c e l l  count  ivzs z g ~ i n  reduced  t o  E5.4 x I 0  /ml 

(Fig, 3.12). The biomass p r o t e i n  was g r a d u l l y  i nc reased  from 

t h e  i n i t i e l  l e v e l  of 0,061)L to t h e  maximum of 0.1345; at 96 hr 

of incuba t ion  a n d  it was declined t h e r e a f t e r  (Fig.  3.13). 3 e  

BOE and COG conten t  was minimum at 24 hr of i ncuba t ion  (3.64 

g h  and 3.86 g / l  r e s p e c t i v e l y ) .  A gradual inc rease  was 

in the  E313 and C C 3  c o n t e ~ t  d u r i n y  S ~ ? C C P Z S ~ V E  h r s  of i ncuba t ion .  

k i n g  the s t u d y ,  t h e r e  was 2 sk._:sy rc- :uc t i ion  in t k e  pH f r o m  

6.00 to 3.35. 

enrichcc'  zfid n o n - r ~ r j c h c - !  ~ r . r n ; r , d ~ r \ '  e f f l u e n t  of 

casseva s t s r c h  fzctory 

In t h e  enriched secondary  e f f l u e n t  t he r e  m s  505 r e d u c -  

t i o n  of s tarch by 72 hr when - C. u t i l i s  was co-cultured with  

E. f i b u l i ~ e r  c~able 23 and F i g ,  3.15). The r e d u c i n g  sugar - 



content g radu l ly  reduced from 0.047% to 0.008% during i n c u -  

bation (Fig. 3.16). Maximum cell count was observed at 24 hr 
6 (365 x 10 /ml) and slow reduction w i t h  time was no t i ced  

F i g  3 . 7  I n i t i a l  p r o t e i n  c o n t e n t  of 0.15436 was enhanced 

t o  0.2% dur ing  growth of the organisms ( ~ i g .  3.1 9) .  Consi- 

derable reduct ion  of COD was achieved by t h e  growth of t h e  above 

organisms (65%). 
samples 

3 0  t h e  non-enriched f the starch r e d u c t i o n  du r ing  cul- 

b r i n g  of - C. u t i l i s  with g. f i b u l i g e r  was about 30% by 72 h r  

of growth (Table 24). The reduc ing  sugsr  c o n t e n t  increased 

s l igh t ly  (from 0.02372 t o  0.02831) and again  reduced at t h e  end 

of' observat ion (0.015:3). The c e l l  c ~ u n t  a l s o  increased from 

6 6 
t h e  i n i t i d  70.68 x ? O  /ml to 375 x 10 /ml by 48 hr. 

Correspondingly an inc rease  in the  p r o t e i n  l e v e l  was a lso observed 

( 0 .~48% to 0.218Ck) at 48 hr of incubat ion.  .The Cod removal was 

about 5856 by 72 hr ( F i g .  3 .20) .  

. . 
4.iii.5. C o - c u l t u r i n ~  of C. ut17 'rs and L. fi- in the  

vrirnzrv e f f l u e n t  of cassavz s t a r c h  factorv under 

controlled c o n d i t i o n s  

In t h e  1aSora to ry  fermentor  co-cu l tu r ing  of - C .  utilis 

and E. f i b u l i ~ e r  in cassava stzrch f zc to ry  primary e f f l u e n t  

resulted in faster u t i l i z a t i o n  @f s t z r ch  znd sugar by t h e  

o r ~ a n i s r n s  (Table 2 5 ) .  By 28 hr of i ncuba t ion ,  t h e  stsrch 

conten t  w a s  reduced from 1 -92:; to 0.40:g. But thereafter  the  



degradation of starch was slow. S i n i l a r l y  t h e  sugar uti- 

l i z a t i o n  w a s  a t  a rapid rate in t h e  b e g i n n i . ~  ( F ~ E .  3.22)  

ahd r e s u l t e d  in 0,0196 at 28 hr, l a t e r  much reduct ion  wzs n o t  

observed (.004$ at 48 hr). - E. f i b u l i g e r  multi3lied at a 

6 
moderate rate and reached a m a x i m u m  cell density of 268.0 x 70 / 

6 ml from t he  i n i t i a l  28.25 x 10 /ml at 28 hr. Thereafter a 

reduction in t h e  cell count  wzs observed ( F i g .  3 . 2 3 ) .  The 

cell d i v i s i o n  was c o n p a r ~ t i v e l y  rapid in t h e  case of - C. u t i l i s  

6 and was mzximur; at 24 hr (7107.5 x.10 / r n l ) .  'v'ken ",'hc incuba-  

t i o n  w a s  c o n t i n u ~ d  f u r t h e r  there was e r ~ d u c t i o n  in the c e l l  

r-- nurrber rather t h a n  increase ,  lne  pro'ein c o n t e ~ t  a l  so  i n r r e a s f . 2  

f rom 0,06767; ( ~ / v )  to 0.5437;; ( w / v )  by 23 hr (F~G. 7.2q 1. L f  tFr 

28 hmof incubstion, there was s l igh- .  r e d l ~ c t i o n  in the rgrotein 

content  and  reectred 0,515,1 w/v at 60th hr of  incubation, 

A m ~ x h m .  biorcas:, ? r o t  ?in c o n t e n t  of 2 2 . 0 3 ~  ( w / v )  was o b t a i n e t  

a t  28 h r  of fermentztion ( c a l c u l a t i o n  wzs m ~ d e  on the  Sesis of 

raw primary e f f l u e n t  w i t n  a p r o t e i n  con ten t  of 0.517~8 w h ) .  

The i n i t i a l  b Z  v d u e  of 11.25 g/l has cone down to 1.06 g / l  

du r ing  28 h r s  of  i ncuba t i on  and initial C 0 3  value  of 28.25 g / l  

has diminished to t h e  minimum of 1.95 g / l  d u r i n g  32  hrs of 

incubat ion.  i h r t h e r  i n c u b a t i o n  s l i g h t l y  i nc reased  the EO3 

and C13Z values  to 1.18 g/l and 2 - 3 2  g/l respectively at 60 th hr 

( F ' i g .  3 .24) .  

4.  iv. S o l i d  Stcte Fermenta t ion of Cassava Starch F ~ c t o r y  

Waste w i t h  Dm pi .~pr  







Higher activity of anyloglucosidase was found in the 

enriched sarnple than the  non-enriched sample. At t h e  end of 

24 hr incubation, there was an a c t i v i t y  of 5.30 I . U .  in t h e  

enriched sample. Thp maxim-L~T activity of 24.62 I.U. was found 

on t he  second day of i n c u b a t i o n .  There  v:as a d r a s t i c  decrease  

in the enzqmatic a c t i v i t y  on the t h i r d  (3.77 I . U . ) ,  foirr th 

(1.85 I . U .  ) , and f i f t h  day (1.70 I .U. ) . 

The u n y l o ~ l u c o s i d a s e  activizy of - 4. n i ~ e r  in t he  non- 

enriched cassava s txrch  f a c t o r y  e f l l u e n t  >:as 6.51 1.U. on 

the first day. The maximmi e n z p z t i c  activity of 16.45 1.U. 

was observed on t h e  secon2 day of incubation. The17ezr"ter a 

gradual reduct ion  in  he activity wzs r eco rded  (9.40 3,1;., 

2.05 I . U . ,  and 8-79  I . U .  on the t h i r d ,  fo l j r th  .a12 f i f t h  days 

,Of incubation respec t ive ly ) .  

4.iv.5, End0;rlucznase activity 

The estimation of endoglucanase a c t i v i t y  of - A. n i ~ e r  

in "&e cassavz s t x c h  f ac to ry  e f f l u e n t  v:zs c a r r i e d  o u t  at 

d i f f e r e n t  i n t e rva l s  m C !  res:~li;s ?;ere expressed as s p e c i f i c  
- 

a c t i v i t y  of the e n z F e  ( ~ a b l e s  26 & 27 and r i g .  4.5) .  

The r e x i r n m  enz'\rme activity of - A .  ni,yer i n  t h e  cassava 

starch f a c t o r y  waste d u r i n g  solid ~t :te f e r ~ ~ n t a t i o r !  was 







digester by GC-MS showed, the presence of methanekas the 

major constituent) and carbo4ioxide  (F~c. 5.1 ) . The a n - l y s i s  

also showed the presence of butane. The mass spectrum c lear ly  

ind ica ted  (M+) at 58  a n d ( M - ~ ~ ~ )  at 43 i n d i c a t i n g  loss of methyl  

group (Fie. 52). 

The samples were f u r t h e r  analysed to assess t h e  quant i -  

tative y i e l d  of methane and carbon i o x i d e  as they were the  

predominant gases ( ~ i g ,  5 .3 ) .  
k 

b, Influence of the addition of c o v ~ d u n ~  and urea on biogas 

product ion 

Qif ferent  p ropor t ions  of cowdung were added to the 

effluent after enr i ch ing  it w i t h  urea. Non-enriched sa~> les  

were e l s o  simultaneousPy mainte ined.  The span of gas produc- 

tion was found to be d i r e c t l y  p r o p o r t i o n e l  to the  q u a n t i t y  of 

cowdung added. In the case of non-enriched e f f l u e n t  sam?les 

mixed with 55it and 20:; cowdung, t h e  b iogas  prodirct ion 

cont inued f o r  6, 21 and 68 days respect ively .  

Since t h e  ef fluefit contzined neglf g ib l e  amount of 

n i t rogen  as mentioned ear l i e r ,  urea wes added in the sa-nrles 

2nd its inf luence  was s tuaie .2 .  Lmichment of -the e f f luen t  

with urea did not increase the span of gas production e x c q t  

in t h e  case of slurries containing 5% cowdung which has 

~ r o d u c e d  the gas fo r  a period of 10 d ~ y s  as aga ins t  6 days 

in nbn-cnriched samples ('Table 28). The span of gas product ion  



in the case of non-enriched samples mixed w i t h  10:: cowdung 

was 21 days as wainst 20 days i n  the case of enriched e f f l u -  

ent samples. There was s ign i f ic : sn t  difference in t h e  pe r iod  

of gas p r o d l ~ c t i o n  of en r i ched  e f f l u e n t  w i t h  20:: cowdung and 

non-enriched e f f l u e n t  wi th  20.; cowdung which showed a span of 

34 days and 65 doys res~ectively. 

The p r o n o r t i o n  of tot~l gas p r o d u c t i o n  in both e n r i c h e d  

and non-enriched sm;~les increzsed w i t h  t h e  q u z n t i t y  of cow- 

dung (F ig .  5 .6 ) .  In t h e  case of en r i ched  s a r r l p l ~ s  with 5 ; :  

cowdung t h e  total gas production w a s  20 l/kg 6~ n ~ a t t e r  whereas 

in t h e  case of e f f l u e ~ t s  mixed w i t h  10:- cowdung the gas pro- 

duc t ion  was increased to 30 l / k ~  dry mat t e r .  There was a 

shwp  increase .  in the  output of gas to t h e  l e v e l  of 66.18 l / k c  

d r y  matter when t h e  concen t r a t i on  of cowdung was increased 

to 20:;. But t h e  r a t e  of total biogas p r o d u c t i o n  m s  found 

t o  be higher in the czse of nor,-enriched e f f l u e n t s  m i x e d  

v,-ith '101;;3 a d  205: cowdung (71 .46 l/k,.: d r y  r r~at ter  and 130.2 

l /kg  dry ~ a t t e r  r e s7ec t i ve ly )  than the en r i ched  (Table 2 5 ) .  

%c averzge methane conten t  i n  t h e  d i g e ~ t e r  en r i ched  

with u r e a  w a s  s l i g h t l v  higher than the n u n - e ~ x i c h e d  szmrles .  

'Nethene c o n t e n t  of t h e  b iogas  s a ~ p l e s  o t t a i n e d  from d i ~ e s t e r  

with 5% cowdung and urea  w a s  to the t u n e  01" 42'; a ~ d  t h i s  wzs 

a c t u a l l y  more than double t h e  methane c o n t e n t  of t h e  s m ~ l e s  

fro; non-enriched ( w i t h o u t  urea). Methane content increased  

by 3,. in b o t h  the  enriched effluent digester c o n t a i n i n g  10;; 



and 20:C cowdung (Table 281, compzred t o  t h e  non-enriched 

e f f l u e n t  digester (F ig .  5 .6 ) .  

c. Fieduction of total solids and COD 

The t o t d  s o l i d s  and COD in the enriched and non-enriched 

e f f l u e n t  samples containing d i f f e r e n t  p r o p o r t i o n s  of cowdung 

decre2sed dur ing biomethanation (Tet:le 28 2nd F ~ P .  5 .7 ) .  In 

t h e  cEse of enriched e f f l u e n t  mixed w i t h  5-; cawdung the per- 

c e n t ~ ~ ~  r e d u c t i o n  of tot21 s o l i d s  and CGD was 12.17 end 6.38 

res~ectivc3y whereas the !>ercentage reduction of t o t a l  s o l i d s  

end C 9 i  in non-enriched e f f l u e n t  szrn-les F ~ E  t o  the e x t ~ r , t  of 

7-06 m d  5.68 res~ectively. There was no s i g n i f  icmt d i f f e r e n c e  

i n  t h ~  percentage r e d u c t i o n  of  tots solids and COli  ?:?en t h e  

co: lcentrzt ion of  cowdung was increased  to 10;" i r i  b o t h  en r i ched  

and non-enriched sam3les. The percentage r e d u c t i o n  of total 

s o l i d 5  and CGL in the e n r i c h e d  san>les w2s 38.93 and 9.5 

r e s p e c t i v e l y ,  wherezs in t h e  non-enriched smples the  pe:*cen- 

tage reduct ion  of t o t a l  s o l i d s  and CO5 was 39.42 and 'I? . I4  

rescectively. Similv.  t r e n d  in the p e r c ~ n t z g e  r e d u c t i o n  of 

t o t 2  s o l i d s  was observed in both enr iched  and non-enriched 

efZll.ient samples m l ~ d  w i t h  20); corcdung (41 -24 and 42.58 

ree-mectively). But t he  COIj r e d u c t i o n  w a s  much higher  in t h e  

cese sf non-enriched samples (62.5$L as aga ins t  21.9551 in 

eririched samples) .  

4.  T. 2. Semi - con t inuous  d i g e ~ t i o r :  o f  nr imary e f f l u e n t  of 

casFsva s tarch  f z c t o r y  i n  s i n ~ l e  s t z ~ e  d i p e s t e r s  



I n  semi-continuous biomethanztion of cassava starch 

f a c t o r y  eff luent ,  experiments were conducted t o  achieve 

maxi mu^ o u t p u t  of biogas ( y i e l d )  and s e d u c t i o n  of t o t a l  s o l i d s  

with rcinimm r e t e n t i o n  time under n a t u r d  cond i t ions .  From the 

e a r l i x  batch d i g e s t i o n  experiments it was observed t h a t  t h e  

r a t e  of methane production was d i r e c t l y  pr-oport ional  t o  t h e  

7;ot:A gas outgut  under rnesaphilic condi t ion .  Hence in these 

semi-continuous d i g e s t i o n  experiments o n l y  the quan t i t a t ive  

estimation of the biogas was done. Fresh samples were added 

p e r i o C i c z l l y  which displaced sane amount of diges t ed  sample 

t o  n z i n t a i n  the reactor volume constant. ai f ferent  f eed ing  

ra tes  in terms of COD wem trf ed and the results obtained are 

gillen below 

end s o l i d s  r educ t ion  per l i t r e  of reactor volume at every 

 hen 20 ml of cassava s t a c h  f a c t o r y  e f f l u e n t  sample 

(1  300 K G  COD) was introduced i n t u  the  d i g e s t e r ,  there was an 

output o f  770 ml of biogas dm-ing the per iod  of 144 hrs (Fig.5.8 

Iiiaxin-JT gas product ion  was obtained during t h e  first 72  hrs 

(663 r n i )  w i t h  a s o l i d s  reduction of 48.2%. Another 24 hr o f  

incubztion could produce only 60 ml of gas w i t h  a corresponding 

reduc t ion  of s o l i d s  to 56.6 .  The gas product ion  w a s  only 20 r n l  

at36 IG ml on the f i f th  and s ix th  daysrespectively. 



The cumulztive solids reduction on fifth and sixth days was 

56,7!% and 58.1% respec t ive ly  ( ~ i ~ .  5.9) .  There was no s i g n i -  

f i can t  change in the pH of the digested mater ia ls  dur ing the  

period of gas production  a able 2 9 )  and the average $ was 

measured as 8-65. 

b, Effect of fecdin,r: 2.600 rnz CGD on t h e  o u t n u t  of b i o ~ a s  

and s o l i d s  r e d u c t i o n  per litre of reactor volume at every 

%Az 

In this experiment t h e  digester  w a s  fed with 42 m l  

(2,600 rng COD) of cassava s t a r c h  f a c t o r y  e f f l u e n t  and d a t a  on 

t o t a l  biogas production,  changes in pH and reduction of t o t a l  

s o l i d s  w e r e  collected  able 30) . Observations made during 

24 h r s  of incubation showed tha t  t h e r e  was 400 ml gas 

product ion  w i t h  30.1:; s o l i d s  reduct ion.  Eut t h e  gas output 

came down to 320 r n l  dur ing  t he  next  24 hrs of incubat ion .  The 

corresponding r educ t ion  of total solids was 38.44;. The gzs 

output increased to 400 ml with a corresponding s o l i d s  reduc- 

tion 3f between 48 and 72 hrs. The rate of gas produc t i on  

was faun5 to be 160 ml on t h e  f o u r t h  d a y  of incubetian and 

reduc t ion  of totzl s o l i d s  was 55.65;. The pH v a r i a t i o n  of the 

samples of digester d u r i n g  the experiment was in t h e  range of 

8.45 to 8.38, 

c. ,Lffect of f e e d i r g  6,500 rnE COD on the ou tpu t  of biogas 

and s o l i d s  reduct ion  per l i t r e  of  r e a c t o r  volume at every 

144 hr 



The gas production was g r e a t l y  inf luenced by the increase 

in t h e  quantity of cassava s t a r c h  f a c t o r y  effluent (Table 31) . 
Wfien 100 ml (6,500 rng C03) of material was f e d  to the digester 

a t  room temperature, the  gas product ion  was one l i t r e  du r ing  

24 h r s  slnc! the same t r e n d  i n  gas production continued d u r i n g  

the n e x t  24 h r s  a l so ,  There was a d r a s t i c  r e d u c t i o n  in t he  

b iogas  o ~ t l u t  between 48 and 72 hrs of incubztion (460 ml) and 

it reached to 40 ml a f t e r  120 hrsof i n c u S a t i o n .  

:-luring the first 24 hrs of anaerobic d i g e s t i o r ,  t h e  

t o t a l  solids r e d u c t i o n  was o n l y  15.05,~. But  s l owlv  it has 

increased to 24.0'1u during the next 24 hrs, between 48 hrs and 

72 hrs 47,5%, between 72 hrs and 96 hrs 51 . D o  and betweeri 

96hr and I 2 0  hr 54.0%. There w a s  a s l i g h t  reouction in pH 

i n  t h e  beginning (7.67 ! of d i g e s t i o n  and it gradual ly  inc rea -  

sed t o  5.35 a f t e r  120hr. 

d ,  Lffect of feeding 7,800 rn-E COD on t he  ou tpu t  of  bio~as a d  

s o l i d s  r e~ juc t i on  per l i t r e  of reactor volume at every 

96 k . _ r  

digester was f e d  w i t h  120 ml (7,800 m g  COD) of 

e f f luent  and the  gas output ,  pH and t o t a l  s o l i d s  r e d u c t i o n  

i n  t h e  d i z e s t e d  material  were determined simultane~usly 

 a able 32 and Figs. 5.8 & 5.9). The t o t a l  gas production 

dur ing  the 24 hrs of i n c u b a t i o n  was 1,080 ml a n d  it increased 

t o  1,'IhG r n l  during the next 24 hrs.  The gas outgut  on t h e  

t h i r d  29.: f m r t h  days was recorded as 460 ml a n d  503 ml res- 

pec t ive ly .  The corresponding r educ t ion  of s o l i d s  in the 









Fig. 2.4 Microbial proliferation in primary effluent under 
ambient conditions 
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Fig. 2-5 Biochemical changes in cassava starch factory eff [uents 
under ambient conditions 
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Fig. 2.6 Biochemical changes in starch factory effluents 
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Fig. 27 Biochemical changes in cassava starch factory effluents 
under ambient conditions 
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Fig- 2.8 Bimhernical changes in cassava starch factory effluents 
under ambient conditions 
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Fig. 3.1 
Perfmame of Cm valida, G, cendidwn, C, utiliq 
E. maqmtsi & c. fibuliqet in Primary . - - -  Effluent 
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E. magnus - i & f i h l i q w i ~  Prjrnary Effluent 
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ig. 3.3 Performance of - C.  ' - -  valida G candidurn, utiliq 
E. maqrmsE & E. f ibuliqer in Primary Effluent - - 
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F i g  3.5 Performance of C. utilis, & f ibuliqer in 
Secondary Effluent 
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Fig. 3.6 Performance of -- C .  utilis, & - E. fibuliqer in 
Secandary Effluent 



Fig. 3.7 Performance of C. 9 & - Em fibuliqer in 
~econdarv~fflumt 
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Fig. 3.8 Performance of C. utitis & E. fibuliqer in - -' 
Secondary Effluent 
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Co-culturing of C, utilis -- 
Fig. 3.12 and - E. naqnusi in Primary Effluent 

Fig. 3.11 Ca-culturing of -- C, utilis and E. fibuliger 
in primary Effluent 
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~i~ 3.~3 w l t u r i n g  of C. u t i l i a  and E- fibuliger & C. utilis 
a n d g . m m i  in P r i r n q E f f l m t  

T i m  . C- utilis 
n C. utilis -- 

and E. f ib l iqer  a r r d ~ m w n m i  

Fig 3-14 Cmlturinq of C. di l ls  and & fibuliqer & C. utilis 
and L magnusi in Primary Effluent 
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~i~ 3.1 5 Coalturinq o f  C.  utilis and E.fibuliqer in nokenriched -- 
and enriched 5 e c d G w  Effluent 

20 40 an BQ 100 120 

Time Ihr) 
( nan-enriched ) + (enriched 1 

3-16 Co+uIturing of C, utilis and E. fibuliqer in nwt-enriched 
and enriFhe=n#Fy Effluent 

Time (hd 
~~iched) + (enriched) 



8 ~ig.3.17 Co-culturinq af C 
and enric ..,, YYIV ..--, -. .--.-..- 

. utilis and E-fibuliqer in non-enrickd - -  

.hd ~ P m n r l z v  F f f l I ~ n t  

PP w VY aa 

a (enriched) 
Time (hr) 

+ + (non-enriched) 

Fig.-5.19 C ~ a l t u r i n q  of -- C. utilis and E. fibvliqer in non4nriched 
d enriched ~ e m & ~  Effluent 



Co-culturing of C. utilis and E.fibuliqer in non-enriched 
Fig. 3.20 -- 

and enrickd ~ e c o r r d ~ ~  Effluent 

Fig. 3-21 Cosulturing of -- C .  utilis and E. fibuliqer in Primary Effluent 
under moni toted cmditims 
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Fig. 3.22 Co+ulturing of g. utilis snd E. fibuliqer in Primery Effluent 
mder moni tored-cdi tions 

n.07 

0-08 - 

n > O.#S - 
\ 
3 
V 

dt 0-04 - 

0.Ql - 

Q 1 v I I I 1 I 1 I I 1 1 r I r 

0 4 4 B 1 1  la 2C! 24 28 52 3e 4D 44 M 52 543 ea 
Time (hr) 

Fig, 3-23 Co-culturing of C.  utilis and 5 f ibuliger in Primary Eff !LWlt 

under monitored conditims 
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Fig. 3.24 Co-culturing o f  -- C ,  utilis and E. f ibuliger in Primary Effluent 
under monitored conditions 
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Fermentation of enriched and nm-enriched cassava starch 
Fig- 4.1 factory waste with A nipr  
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Fementatim of enriched and rmn+uiched cassava starch 
Fig. 4.2 factory waste w i n  b, niqer 
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Fig. 4 3  Fermentation of enriched and n ~ r i c h e d  cassava starch 
factory waste with A. niger - 
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Fig 4.4 Fermentatim of enriched and mnmriched cassava starch 
factory waste with - A. n - w r  

0 
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Time Chr 
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Fig. 4.5 Fermentation of enriched and --enriched cassava starch , 
factory waste with - A. niger 

17 

16 
15 

h 
3 4  

13 
6- * 12 
1 3  

W 2  

1 

0 
13 +D ~a ao I QQ 133 

Time (hr) 
a hriched) " ( m - e n r i c k d  1 



Fig. 4A 
Fermentation of enriched and nm-enrichdl cassava starch 

factory waste with A. niqer 

Fermentation of enriched and non-enriched cassava starch 
Fig. 4-7 factory waste with A. niqer - 











Biornethanation of cassava starch factory ef f {vent 
Fig. 5.4 in batch digesters 
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fig. 5.5 Biomethanation ef cassava starch factory effluent 
in batch digesters 
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ig 5.7 B~ornetharratim of csssava starch factory effluent 
in batch digestem 
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Fig- 5.8 Biornethanation of caaava starch factory$n 
semi-continuous digesters 
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Fig. 5.9 Biornethanation of cassava starch factorylin 
semi-continuous digesters 





Table 2 
P H Y S I C O - . C H E M I C A L  CHARACTERISTICS OF C A S S A V A  STARCH 

F A C T O R Y  EFFLUENTS ---------------------------------------------------- .................................................... 
SECONDARY EFFLUENTS OF SMALL-SCALE STARCH F A C T O R Y  ---- ------ --- -.--- -.---------------------------------- 

-1 2 3 ---------------------------------------------------- 
p H ( + O R - U . 2 )  4.5 4 . 6  4.7 

TOTAL SOLIDS 
( g / l )  

SUSPENDED SOL IDS 
( g i l l  

HYDROLYSABLE 
SUGAR AS G L U C O S E  

. ( g / l )  
FREE REDUCING 
SUGAR AS GLUCOSE 
( g / l l  
T O T A L  NITROGEN 
( g / l )  

C O D  
( g / l )  

B O D  
( g / l  l 

+l,2,3-  s a m p l e s  c o l l e c t e d  a t  d i f f e r e n t  t i m i n g s  



Table 3 
M I C R O B I A L  LOAD OF TEE C A S S A V A  S T A R C H  F A C T O R Y  

EFFLUENTS 
l---l--dl_l----l--___------d-------------------- 
-I--_l-t_--l-CI----__--------------------d------ 

P R I M A R Y  EFFLUENTS- LARGE SCALE STARCH F A C T O R Y  ------------------------ .--- - -------- --------- 
SAMPLES B A C T E R I A L  ACTINO MOULDS YEAST 

COUNT MYCETES COUNT COUNT 
COUNT 

( N X 1 0 * 5  INX10L3 I N X 1 O A 5  ( N X ? O A 3  
/ m l )  / m l )  / m l  l I m l )  

-_I----- --.-------------- ---- -------- 
.I 5 ,3 20 .I .2 

4 3 . 4 5  I 20 3 .  -1 --------_--_--_------------------------------ 
i , 2 , ' 3 , 4 - S a m p l e s  c o l l e c t e d  a t  d i f f e r e n t  t i m i n g s  

Table 4 
M I C R O R I A L  LOAD OF THE C A S S A V A  STARCH F A C T O R Y  

EFFLUENTS --------_-----------"--------------------.---- 
- - - - - - I -_d- -L- - I -_L- - -L- - - - - - - - - - - - - - - - - -~- -+- - -  

SECONDARY EFFLUENTS-LARGE SCALE STARCH F A C T O R Y  --------_--------_--------------------------- 
SAMPLES B A C T E R I A L  ACTINO MOULDS YEAST 

COUNT MYCET ES COUNT COUNT 
COUNT 

( H X I O " 5  ENX10-3 ( N X l O " 5  ( N X l a " 3  
/ m l )  / m l )  / m l )  / m l )  ---------_----------------------------------- 

*I , 4 9 9 . 5  2 -1 -7 2B.88 

4 273.88 1.55 2 . 5  19.08 
---------_-----------------------------.------ 
-l,2,3,4-Samples c o l l e c t e d  a t  d i f f e r e n t  t i m i n g s  



Table 5 
M I C R O R I A L  L O A D  OF THE C A S S A V A  S T A R C H  F A C T O R Y  

EFFLUENTS ............................................. ............................................. 
S E C O N D A R Y  EFFLUENT-SMALL SCALE S T A H C H  F A C T O H Y  -- _ - - _ - - - - m  * - -  ------ ...................... 
SAI'IPLES B A C T E R I A  A C T  I N 0  MOULDS YEASTS 

COUNT MYCETES 
COUNT 

( N X 1 0 A 5  I N X . I O " 3  ( N X 1 0 ' 5  ( N X I O " 3  
J m l )  / E l l )  J m l )  / m l )  --- _---_------ ----- --- 

1 , 2 , 3 , 4 - s a m p l  e s  c o l l e c t e d  a t  d i f f e r e n t  t i m i n g s  



Table 6 Morpholr i c a l  g r ~ 7 l p i n g  of bacteria, yeasts  
84 fungi  

'r 

Microorganisms ~ ~ i n ~ d  y Secondary Secondary 
(large- (large- (small- 
scale) sca l  e )  sckle) 

-. 

Gram-positive cocci I 

Gran-pos i t ive  rods + 
Gr am-negative 

coccobaci l l i  + 
Gram-negative r o d s  - 
Spore f orrners + 

Non-spore formers + 
Fungi 

Aspergi l lus  + 
Penicilliwn + 
!-!onocilliun - 
Humicola + 

Unidentif l e d  + 

Yeasts 

~Zandida v a l i d a  + + 

Geotrichun candidum + -F 

Unident if ied + + 

+ Present - Absent 



Teble 7 
B I D t M M l C A t  CHANGES OF CASSAVA S T A R C H  FACTORY 
n ~ r r c = ~ m r ~ ~ r m r n r r r r ~ ~ ~ i = ~ ~ ~ = ~ ~ ~ = ~ ~ a ~ ~ s ~ = = ~ m ~ = ~ ~ a ~ ~ m ~ = ~ ~ = = = x ~ = ~ =  

P R I M A R Y  EFFLUENT AT AHBlENT CONDITIONS 
L = I I I I I Z D I E E I P ~ ~ ~ ~ ~ = ~ L ~ = = . I ~ ~ I R ~ ~ P . ~ L ~ C E O L = ~ ~ ~ = = ~ ~ = = = ~ = ~ = ~ E ~ ~ E ~ = =  

IWCUBATM REPUCIWG AHYLASE COD BOD pH 
TIME SUGARS 4 C T I V 1 ~ ~ t g l l i t r e ~ E ~ l l i t r c ~ ' t + / - . 2 ~  

EXU/V)(Sp.acti- 
V ~ ~ Y J  

-----------------------*---------------------+----------------- 

.I .a36 0 . 0 0  d 4 . 7 9  37.20 4 . 4 0  

Table 8 
B I O C H E M I C A L  CHANGES OF CASSAVA STARCH F A C T O R Y  
I C t l t i ~ L I E C E I I P l i f ~ 1 * = ~ C = = = = I 1 I = = = E = = = I I ~ * = ~ = = = = = ~ ~ ~ ~ = = = = = = = = = =  

SECONDARY EFFLUENT b? AnEIENT CONDITIOMS 
H I = I E I S l U S l l L = E P I 5 5 I i I I ~ = = = E 5 I = I = = t = E = E I ~ = = = E = = = = S ~ S = = = = = = = Z = ~  

INCUBATN REDUC LNG ANYLASE C O D  BOD pH 
f IRE SUGARS A C T I V I T Y  

( D A Y )  1 Z W / V ~ ( r p . a t t i - l g / l i t r c 1 1 g / l l t r e ) W - . 2 )  
v i t y )  

-_-------*-__-_--------------*---------*--------*---------+*--- 

I -031 o 3 . 9 5  3 .57  4.5 





Table 11 
, H I C R O B Z A L  PROLIFERATION I N  THE C . S . F .  

SECONDARY EFFLUENT UNDER AHBIENT CONDITIONS 
 id-------_____---------------^--------^- 

INCUBTN B A C T E R I A L  YEASTS MOULDS 
T I  ME COUNT COUNT COUNT 
I D A Y  1 (NX E O A 6  t N X t O " 6  { N X 1 O n 6  

/ m l )  / m l )  /mil 
-_---I--_-------_------d--------------------- 

I 30.Q8 2.40 . C 4  

Table 12 
PERFORMANCE OF C.valida I N  THE C . S . F .  P R I M A R Y  EFFLUENT ...................................................... 

T I M E  STARCH RD.SUGAA CELL NO 8 f QMASS 
( H R )  ( % w / v l  ( % w / v I  ENX10*b PROTEIN 

J m 1 3  ( % w / v )  
...................................................... 

0 2.23 . O f 6  21.2  .a65 



Teble t 3  
PERFORMANCE OF 6 .  $andidurn I N  THE C . S . F . P R I M A R Y  EFFLUENT ........................................................ 123 

T I H E  STARCH RD.SUGAR CELL NO B I OHASS 
(HRI ( X w / v l  ( ' X w / r )  INX10a6 PROTEIN 

/ m l )  1 X w / v )  
. -------------------------------------------------------- 

Table 14 
PERFORHANCE OF - C .  utilis I N  THE C . S . F  . P R I H A R Y  EFFLUENT ........................................................ 

TIME STARCH RD.SUGAR CELL NO B I O M A S S  
(HR1 1 X w / v )  1 X w J v )  I N X 1 0 A 6  P R O T E I  N 

/ m l )  I%w/v) 
, ........................................................ 

0 2 . 3  ,032 13.76 .D43  

Table 15 
PERFORMANCE OF E . f i b u l i t j e r  I N  THE C . S . F .  P R I M A R Y  EFFLUENT - .  ......................................................... 

TIME STARCH RD.SUGAR CELL NO B I O f l A S S  
I H R )  1 Y . w / v l  I%w/v 1 I N X I D " 6  P R O T E I N  

/ m l )  1Xw/v 1 
1__-___-_--1----__----------------------------------+---- 

0 2 .38  ,023 . 5 5  .03 



Table 16 

PERFORMANCE OF 5. w i  I N  THE C . S . F .  P R I F A R Y  EFFLUENT ......................................................... ......................................................... 
T I f l E  STARCH RD.SUGAR CELL NO 8 IOMASS 

( H R )  ( % u / v l  I%w/v) (NX10A6 PROTEIN 
/ m l )  I % w / v  1 ......................................................... 

Q Z .  74 . O C b  . SO . 0 2  

Table 17 
P E R F O R M A N C E  OF C.utilis IN THE C.S.F.SECONDARY EFFLUENT 
I_- -_ I - -____C-____I - - - - - - - - - - - - - - - - - - - - - - - - - - - -&- - - - - - -  

T I M E  STARCH RD.SUGAR CELL NO BIOMASS 
( H R )  ( X w / v )  I % w / v )  l N X 1 Q " b  PROTEIN 

/ m l )  ( % w / v )  

Table 70 
PERFORMANCE OF g.ut i l  is IN. THE C . S . F  .SECONDARY E F F L U E N T I N o n - e n r  i c h e d )  ...................................................................... 

Tl f lE  STARCH RD. SUGAR CELL NO B E O M A S S  C O P  
(HR) ( % w / v )  ( % w / v  1 I N X 1 0 A 6  P R O T E I N  

/ m I  1 I%r/vl ( g / l )  ...................................................................... 
0 . I 9  .03 2 7 . 5  . 0 8 8  b .  5 5  



Teble 19 
PERFORMANCE OF L . f i h u l i a r r  I N  THE C-S-F -SECONDARY EFFLUENT 
--------------------------------------------------*+------ 

T I R E  STPlRCH RD.SUGAA CELL HO B I O V b 3 S  
( H R I  ( X u / v )  { X * / v  1 ( N X l O ' b  P R O T E I N  

t m 1 1  ( X * / V )  
-----------------------------------*-d-------------------- 

0 . I 9  .025 3 8 . 3 7  - 0 9 6  

TabIe M 
PERFORH4NCE OF E . T t b u l i g 8 r  I N  THE C.S.F.SECOHD&RY E F F L U E N T ( H o o - e n r i c h e d )  
IPfPL====I====*=======I==IEE====================~==========ss=======x*=~~======s 

T I M E  STARCH RD. SUGAR CELL NO B I O H A S S  C O D  
I H R )  < X w / u  l (Xw/vl INXT0-6 PROTEIN 

/a1 ( X w l v l  ( g / l )  

Table 27 
CO-CULTURING OF E . u t i l ~ s  mnd E . f i b u 1 1 a t r  I N  THE C . S . F . P A I H A R Y  EFFLUENT 
f = 3 = l l l f i l l l l = * = l l = = I = = r = = = = = = = = = = = = = a * z = ~ = = = = = = = = = = = = = * * * n = = = = = = = = = = = = = =  

T I M E  STARCH RD.SUGAR CELL NO CELL NO BIOWASS COD B O D  PH 
( H R )  4 X u / v >  ( X w l v l  (HX lO 'b  tNX10'6 P R O T E I N  

/ m l  l 1 ( X w / u k  ( g / l )  ( g / l )  {+/-.PI 
C . u t i l i s  E - C i b u l i -  

g* r 
----------------------------------------------+-----------------------------+---- 

o 3.23 -0s 3 9 . 5 4  37 .01  . I 3  6 8 - 2 9  z 0 . a ~  c 811 



T&le 22 
CO-CULTURING OF C.utllls and ~ . m a g n u s ~  I N  THE C . S . F . P R I R 4 R Y  EFFLUENT 
~ t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t t f ~ ~ ~ ~ t = ~ ~ = = ~ ~ ~ r ~ i t n e r t ~ ~ ~ ~ ~ ~ = = z ~ ~ m ~ ~ ~ ~ = ~ = ~ = ~ ~ ~ ~ ~ ~ m ~ ~ ~ ~ = ~ ~ m ~ ~ ~ ~ ~ ~ = ~ ~  

T I M E  SThRCH RD.SUGAR C E L L  NO CELL NO BIOMASS COD BOD PH 
IHRI ( X u l v )  ( X u l v )  tHWfO'b I N X l O ' h  PROTEIN 

/.I1 1 ( Z u / v i  1 9 / 1 5  ( g / l )  t+/ - .21 
C.utlllm E.magnusi 

-------*-------------------------------------*----------------------------------- 

0 3.25 -051 3 9 . 9 5  -59  .Oh1 $8.33 20.35 4.80 

' C O - C U L T U R I N G  PF g.utiljs AND E.libulioer IN THE C.S.F.SECONDARY EFFLUENT 
C9=~=I==CFIIE===3PCE:~=I==%fO1f~=E5~=LITFI===~==*=S================*~====ZE==Z~* 

T I  hE STARCH R D  .SUGAR H 1 OHASS COD CELL NO 
tHR? [ X u f u )  I Z u l v )  INXfD'b PROTEIN 

/a1 1 ( X W / V )  ((1/11 
*-----------------------------------*------++--------------------------------- 

D - 2 0  .047 &1.3& .15 6 .64  

Table 24 
CG-CULTURING OF E . u t i l i r  A N D  E.fibuliqcr IN THE C . 5 . F . S E C O H D A R Y  EFFLUENT 

( H o n - c n r  i c h t d )  
T=llff===E=ll==P~==CfT====f===C==E5=fF=~=====~======S===Z~====~=====~W== 

T I M E  STARCH RD. SUGAR CELL HO BIOMASS COD 
(HA i I X w f v )  i4wlv) ( H X l O -  b P R O T E I N  

f m 1 3  ( X u J u )  i g l l )  
----------_*----------------------------*------------------------------- 

0 -2 ,023 70 .68  . 148  b .  4 4  





Table 26 
B I D  CHEHICAL C H A M S  IN THE M I C H m - C A S 5 A Y A  STMCH FACTORY MASTES 
=~--------ILvf-t21----I------I------ ---------------.,-%,--*----------,--,,-*,*,- ----------*--------,,,-------= 
IURIH6 7HE GROYIH bF A ~ p r r g i l l u s  n& 
==~=~----'-------===___=z=*-~----tttt-ttttt----z~=I----*----------------- 

INUBATM STARCH RED.SUGAA AWL0 END4Q.U. EXTllA BlOIASS TOTAL pH 
T I  AS RU. AS RUCOS. GLU. ACT ACTlVlV EEUVPM P R O T E I N  AHYLASE +/-0.2 
(HR) ! X Y I V l  .(tYlVI(I.Y) (Sp.rcti- ( Z Y I Y )  ( Z U I V )  

v i  t y  
- - - I - - - - - - - -_ I - - - - -1~- - - - - - - - - - - - -  

0 56.87 .W6 fl.W 0.m .7i2 1 .L 0 5.4 

Table 27 
110 CHE~ICAL EHAMGES rn THE MH-ERICHED CASWA m e t l  
~J3f=~==f===========I=='-'=0~E=:C'--rJI:~~==='====-,===*-;'"=*:======I=t=r 

FACTORY WASTES WRIHG THE GROMTN OF AspergiIlvr u r  
I - - - -  ----- ------------i-----l-===-a-.-.-====ta======-n:==-1:======-~21 

IHClriATH STARCH RnII.5UGM AWLP EMDOaU EITRA BIMASS TOTAL f l  
T IS AS GLU AS GLII GLNOSI--ACTIYITT CELLVLAU PROTETR AIYUSE [+b!-fl.Zl 

COSf  COSE AX ACTf -  PROTf  I l  
(fir) (Zriwl (Zulu1 ViTr(I.VI (Zrlul (Zulu1 



Table 28 

OIMETf NATION CF CASSAVA STAACH FACTORY EFfLUENTS (C.5.F .El  In BATCH DIGESTERS 
r = : : = 3 = 1 = = = = = = = = = = = : = = = = = = = = = = = = : = : = = = : : : = = = = = = = = = : = ; = = = = = = :  

fEED1HG EONDITEONS SPAWOF GAS AVERAGE INlTlbLSEYAL TOTAL INITIAL FINAL COD 
GAS PRODUCED flETHANE TOT& TOTAL SOLIDS C O D  CO1) 2EDH 
PRQDUCTY ( l ikq dryCOUTEHT SKIDS SOLIDS REDW 19 /11  (g l l )  191 11 
( D A Y S )  ~ a t C c r 1  Z I Z 2 

E3.f .E+5S 6 7.58 20 8.22 7 . 6 4  7.06 4 6  61,12 5.61 
COUI)U#C M I T H l f  UREA 

C.5,F .E+tOZ 2f 31 .4h  55 6.22 4.78 jY.42 63.2 56.fb t f . l 4  
COVDUMG WITHOUT UREA 



Table 29 +Djyest ion of cassava s t a r c h  f a c t ~ r y ~ e f i l u c n t s  

i n  a - s e m i - c o r . t i n ~ ~  r: d i g e s t e r  

Incubat ion Gas ou t  pu t  
time (1/1 of pY 

(hr 3 r e a c t o r  v o l u v c )  Cf 0.2) 

Tote1 sclicis 
reduction 

(!O) 

Feeding r a t e  of 1,300 rng C O 5  per 'I44 hrs 

Teble 30 i ) iAcgstion of C ~ - S : ~ V L  ~ t z r c h  f a c t o r y  ef f l u ~ n t s  

in a ~.s_erni~contiriuoous d-i~es--tcr 

I n z ~ b e t i o n  Gas out put 
(1/1 of p!3 time 

(h-1  r e o r t o r  v o l u ~ e )  
(2 0 . 2 )  

I- I ' o t z l  solids 
r edl; c ti c:n 

( ; .-, ) 

. . - . - - - - - - - - . - - -- 

Feeding ra te  of 2,630 mg COD per 96 h r s  



Table 31 D_i~e-s t ion  of cassava star-ch f a c t n r ~  e f f l u e n t s  

j n a semi-continuous d i m s t e r  

Incubation Gas out  aut -,* 

time 
(hr 1 

(1/1 of 
A PH 

reactor  volume (2 0.2) 

Total solids 
reduc t i on 

( ;-,A ) 

.- 

Feeding rate of 6,500 ng COD per '144 hrs 

Table 32 D i ~ e s t - I o n  of c,zssava s t a r c h  factorv e f f l u e p t s  

- i f i  a ?mi- .cont inuous  di~ester 

Incubation Gzs o u t  7ut 
t ime (1/1 of PH 
(hr 3 r e a c t o r  vo lume (- + 0.2) 

Total s o l i d ~  
r e d u c t i o n  

Isar 

Feeding ra te  of 7,800 ng COD per 96 hrs 



Sable 33 Direstion of cassava s ta rch  factorv e f f l u e n t s  

in a semi-continuous d j  qest-er 

Incubation Gas o u t  o u t  
PH 

Total s o l i d s  
time (1/1 of + 0 .2 )  reduct ion  
(hr 1 reactor volume (- ( $ 5 )  

24 0 . 90 5.92 7 1  -50 

48 0.72 5.84 16.30 

72 0.67 6 .OO 32.60 

I 20 0.40 6.20 43.20 

. 

Feeding rate of  9,100 rnc COZ per 95 hrs 



CHAPTER 5 

DISCUSSION 



5. DISCUSSION 

3ischarpe of e f f l u e n t s  f r o n  caeszv- starch f z c t o r i e s  

\#:ill l e d  to perpe tue l  n o l l u t i o n  of t he  e n v i r o n r n ~ n t  unlecs 

e f foc t ive  methods are developed. The convention21 methods 

of organic  waste treatmsnts are energy i f i t en s ive  pnci hence 

econwrnicdly unettr2ctive. There are many zpproach~s to 

reclaim energy f ron  waste materials, The present z?proach 

is a s tudy  of how t h e  energy conserved in the  orgvl ic  waste  

is t r a n s f o r ~ e d  i n t e  vduable  p r o t e i n  2nd methme by micro- 

organism , Initf a l l y ,  expel-imsnts were carried o u t  to under- 

stand t he  physi GO-chmi  cal  na tu re  of  prim=y and s e c ~ n d a y  

e f f luen t s  from a l-ge-scale sharcl; factory (~ics. 2.7.A 2nd 

2.12) and secondary e f f l u e n t  f r o n  a s m a l l - S C ~ P  S ~ F - - C ~ L  f ~ ~ t o r y  

s ince these a r e  t h e  maJor k i n d s  of ef f luents  c o n s t a n t l y  pzilku- 

ting t h e  e n v i r o m e n t  ( ~ i ~ s .  2X, 25, 2C and 2 ~ ) ~  Observ~tions 

were made to csses?  the r2 te  of d e g r n d a t i o n  of t h e  o ~ g m i r :  

matter under a r b i e n t  conditions. Studies  wel-e f u r t h e r  under- 

taken to c o n v e r t  the e f f l u e n t s  i n t o  microbial biomass and 

methane. The r c su l t s  obtained a f t e r  systernzt ic  ctudj-  of t h e  

e f f l uen t s  mi! i t s  serok~ir :  and anzerobic trea-lmer!ts 2re d i ~ c t ~ s r e d  

in the present c h a ~ t e r ,  

5 .i. Fhysico-Cheniczl and l ~ i i c r o b i o l o , ~ i c a l  Character is t ice  

of Casszva St=ch Fzctorv  E f f l u e n t s  

Analyticzl dat? shown in Table I and 2 of the c a z s a T a  

starch factory e f f luen t s  i n d i c a t e  the presence <of high pollu- 



' t i o n  l oad  (COD and BOD ), The l a rge  amount of starch (more 

than 50 percent  of  t h e  total s o l i d s )  shows t h e  possibility of 

its d e g r ~ j d a t i a n / u t i l  i z a t i  on w i t h  ernylolyt ic  micro-organi s m s .  

Subramanyan -- e t  al. (7956) have a l s o  r e p o r t e d  the presence of 

56% (w/w) s t a r c h  in the d r i e d  w a s t e  of t ap ioca  starc11 fzctory. 

Free reducirlg s u g x  present in a11 pr i rnzy  and ~~~~~~~~~y e f f l u -  

en-tsof a small-scale  s t a r c h  fzctorq- can serve as t h e  i r n ~ e d i a t e  

czrbon source f o r  micro-organisms to f zvour t he i r  growth in t 3 e  

e f f l u ~ n t s  during t h e  course of discharge .  The c o n t e n t  of redu- 

cing sugxr in t h e s e  e f f l u e n t s  analysed ranged f r o n  0.043 to 

0.208',; (w /v )  . This is cons iderably  lower  than t h e  v d u e s  
(7975) 

r e p o r t e d  by Thanh and t;'uLh31o found 0.08 - 0.4:': (w/v) remcing 

sugar  in the e f f l u e n t s  of S. Z .  Tapioce Ltd., T h ~ i l a r ~ d .  Extre-  

mely l o w  c o n t e n t  of n i t r o g e n  observed in both nrimary and 

secondzry e f f l u e n t s  i n d i c a t ~ s  t h e  necessi t j r  of enr ichment  

d u r i n g  t h e  microbial t r e a t m ~ n t .  The e f f l u e n t s  w r e  a l s o  found 

t o  be a c i d i c ,  The presence of pruss ic  a - i d  (hydroc::anic a c i d )  

r s lezsed  during t h e  process of extraction of st~rch has heen 

repor ted  ( ~ t n i ~ k i t ,  1969). The test for hydroc:,-anic e c i d  in t h e  

f r e sh  samples of  e f f l u e n t s  u s i ~ g  s o d i m  p i c r s t e  i n d i c ~ t o r  p a p r  

was p o s i t i v e .  R e r n z k a b l e  v a r i a t i o n s  i n  t h e  characterieti cs  of 

the eff  u e n t  sar:?les at differ@:-t t  tirnes of co l l ec t io r?  wfre a l s o  

obse:-ved in bcth primary and secor~dary  e f f l u e n t s  o r  large-scale  

md secondary e f f l u e n t  of smdl -scde  starch f ac to r i e s .  

The t a b l e s  3, 4 znd 5 on the microbia l  c h a r a c t e r i s t i c s  

reveal  thz t  the eff luents  harboured a heavy l o a a  of becteria ,  



yeasts, moulds and sct inomycetes  r i g h t  from t h e  bel;inning of 

its discharge ( M a n i l a l  g &., 1983). I n  t h e  secondary  e f f l u m t  

3 yeast  population (13.13 x lo3-30.0 x 10 /ml in large-scale and 

3 
- 

12 x 10 -35 x 1 0 ~ / m l  in small-scile i a c t o r y  e f f l u e n t s )  and bacter i -  

5 5 al popula t ion  (199.5 x 10 -400 x 10 /ml in large-scale and 5 - 5  

5 5 x 10 -15.45 x 70 /ml in small-scale f a c t o r y  e f f l u e n t s )  were 

3 5 5 1.2 x 1 0 ~ - 1 4 . 7 ~  x 10 /ml and bac te r ia  0.7 x 10 -10.0 x 10 /ml). 

Availability of  more f r ee  reducing  sugar in t h e  secondary e f f l u -  

e n t  and large r e t e n t i o n  t i m e  (more than 24 hrs) in the s e t t l i n g  

tanks ~ r , i ~ h t  have promoted t he  gror;rth of yeas ts  and bacteria 

before discharge to t h e  enviroment.  High coliform bacter ial  

count was observed in a l l  t h e  sarnples t e s t e d  () 1600/100 nl). 

Conpared to gram p o s i t i v e ,  t h e  gram n e ~ z t i v e  bac te r ia  vere fer:er 

in t he  case of  a l l  the saiiples. Both spore forming and non-spore 

forming bac te r ia  were found ( T a ~ ~ l e  61. During the  i s o l a t i o n  of 

microorganisms, vz r ious  organisns  w e r e  i e c r t i f i e d  v i z ,  C s n d i d z  

(F ig .  3;-) Geotr ichm (Fig.  3 ~ )  Sacchwomyces, Aspe rg i l lu s ,  

-- P e n i c i l l i u m ,  :usarium, R b i z m u s ,  I . 1 o n o c i l l i 1 ~  and Eurnicolz in 

t h e  primary and s e c o n d x y  effluentz o f  cassEva s t e r c h  factory. 

Candicia v a l i d a  iias founi  to be t h e  p r e d o n i n h n t  y e z s t  in t 3 e s e  

e,"l'luent s . 

5,ii. i i i c r o b i a l  ? r o l i f e r a t i o n  an6 Liochenlcal  C h a n ~ e s  in 
t h e  Cassava Starch Factory  L f f l u e n t s  iiniier Ambient 

Conditions 

E.licrobiologica1 and biochemical changes of cassava 



starch f a c t o r y  effluents were studied at d i f f e r e n t  days of 

incuba t ion  at ambient cond i t i ons .  The presence of l a r g e  

number of microor&anisms in t he  e f f l u e n t s  w a s  discussed e a r l i e r .  

The establishment of heterotrophicforganisms has been reported 

in the a g r i c u l t u r a l  and c a r b o h y d r ~ t e  wastes ( ~ o e h r ,  '1974). A 

g radua l  increase  in the microbia l  count was observed in the  

cassava s t a r c h  factory effluents ( ~ a b l e s  30 and 1 7  & Fig. 2.4) 

during i n c u b a t i o n  at ambient c o n d i t i o n s .  Fresence of assimi- 

l a b l e  carbohydrates and degradab le  o rgsn ic  mattes in t h e  e f f l u -  

en t s  pronoted the growth of microorganisms, Suihko 2nd D r e z i c  

'(1983) have repor ted  t h ~  grot;th of w i d e  spectrum of micro- 

organisms in water containing t h e  o r g ~ n i c  matter .  The gene t i c  

q u a l i t y  of he te ro t rophs  t o  liberate extracellulzr e_rlzl,rcres and 

t h e i r  a t i l i t y  to subsist o n  organic cornuaunds have bee5 r e p o r t e d  

(Hamer - e t .  &.. 1985). 

In the primary e f f l uen t ,  a declifie in t h e  g roh th  of' 

yeasts  a n d  moulds appeared by 7th and 8th day r e s j ~ e c t i v e l y .  

But the  m a x i m u m  naqber of bacteria was found. or, t h ~  9th day of 
6 i ncubs t ion  (600 x 10 /ml}, and on the '10th dzy it hzd d e c l i n e d  

6 t o  495.6 x I 0  /ml. 14ermally s h i f t s  in the microbial  s ~ e c i e s  

a n d  activitjes in waste t r e a t p e n t  s y s l e z  occur due to t he  

changesin t h e  env i ronmenta l  c o n d i t i o n s  sxch as tern?erature, 

p2, avci laSle  dissolved oxygen, ultimete hydrogen a c c e p t o r  or 

a v a i l e h l ~  food (Laehr, 7974) .  R e s u l t s  obt::incd showed that 

%me of these environmental  f a c t o r s  migh t  have profoundly 

in f luenced  the  growth and thereby degradat ion of organic matter 



in t h e  primary e f f luen t .  The e a s i l y  assimilable free reducing  

sugar was r e a d i l y  u t i l i z e d  and it had reduced to a n e g l i g i b l e  

amount by the 8th day (Table 7 and Fig. 2 .6 ) .  Depletion of 

free reducing sugar perhaps favours the  h y d r o l y s i s  of stzrch 

and cellulose present in t he  effluents. The absefice of c e l l u -  

l a s e  z c t i v i t y  till the  end of i ncuba t ion  precluded t h e  possi- 

b i l i t y  of  c e l l u l o s e  breakdown to glucose, I n  t h c  pr imary 

e f f l u e n t ,  t he  amylase a c t i v i t y  s lohf ly  increased  from t h e  begin- 

inc of the f irst  d2y t o  0.96 ( s ? e c i f i c  ectivity) on the 4th 

'day, and thereaf te r  the  a c t i v i t y  decreased ( ~ i ~ .  2 . 5 ) .  This 

aga in  showed t h a t  in t h e  primzry effluent t h ~  produc t i on  of 

sugLrs f rom s ta rch  was diminished aft~r 4th day of i n r u b ~ t i o n .  

Lack  oi- s u f f i c i e n t  n i t r o g ~ n  in t h e  e f f l u e n t  might be another 

f a c t o r  r e t z r d i n g  the organic m a t t e r  deg rada t ion  by t h e  organisms, 

hapid  u t i l i z z t i o n  of ava i lab le  d isso lved  oxygen by t h e  l a rge  

nw,ber of he tero t rophs  an& keeping the e f f l u e n t  w i t h o u t  a ~ r a t i o n  

and a g i t a t i o n  (under ambient  conditions) might h ~ v e  eas i ly  l e d  

to anaerobic conditions f o r  the development of acidity as i n d i -  

ceted by tine l o w  pfi of 3.5 by the  5th day, and t h e  decreasing 

trend cont inued  thereafter f ~ i g .  2.7) .  Under  anaerobic condi-  

tions, t h e  f ormztion of organic a c i d s  such as fo rmic ,  e ce t i c ,  

p r ~ y i e n i c  and bu ty r i c  a c i d s ,  in sedition to somF e lcohols ,  

by t h e  incomplete o x i d a t i o n  of glucose, was r e y r t e d  by 

Turton -- et 21. (1983) and i i a r t n z n i s  and Gatenheck (19&),  The 
m 

lower ing  of p H  of the e f f l u e n t  demonstrated the  development 

of a c i d i t y  and at the a c i d i c  $3 range prevailing in t h e  



effluent toward- t h e  l e t t e r  p e r i o d s ,  t h e  activities of enzyles 

like amylase, a m y l o ~ l u c o s i d a s e ,  e t c .  w i l l  be r e t a rded .  

The n e ~ l i g i b l e  r e d u c t i o n  of  COG (5511 dur ing  I 0  d a ~  

showed the poor degradat ion o f  organic matter under a n b i e n t  

cond i t ions .  According to J o u b e r t  and B r i t z  ( 1 9 ~ 6 ) ~  t h e  pE 

i t s e l f  has  a profound i n f l u e n c e  on t h e  h y d r o l y s i s  of subs tmtes  

as evidenced by 2 reduct ion in t h e  bac te r ia l  a c t i v i t y  t o  t h e  

extent  o f  851) w i t h i n  3 days  at l o w  pH (less t han  3-21.  There 

was a slight increase  in t k e  EOil (4.41) o f  primary e f f l u e n t  

du r ing  i n c u b a t i o n  under ambient c o n d i t i o n s  ( ~ i ~ .  2.8) .  T h i s  

might be due to t h e  a c c u x u l ~ t i o n  of more dissolved conrmunis  

by t h e  metabol ic  2 c t i v i t y  of microorganisms. 

S i g n i f i c a n t r e d u c t i o n  in t he  BwL afid CUT! ( 4 6 .  and 355: 

r e s p e c t i v e l y )  was f o u n d  in t h e  secondzr:: e f f l u e n t  (Tzhle 8 )  

which con tz ined  l e s s  al-ganic s o l i d s  d w i r g  10 d2:;s o f  i n c u b z -  

t i o n  in c o n t r s s t  to tile r i n a x 7 y  ef_' lueli t .  Degr~daticn o f  

o rgan ics  as instated 33jr t h e  accelerated growth o f  bac te r ia  

and yeasts  c ~ u l d  be t h e  cause of the r e d u c t i o n  in BOL and 

COD. Appreciable grc~&in of moulds could  n o t  be observed in 

t h e  secondary e f f l u e n t s  perhaps because o f  t he i r  s l o w  grcrvrinz 

c h a r a c t e r i s t i c c ,  ar.6 the p o s s i b l e  suppression of' t h e i r  g ro r ; th  

by the overgrowth 05 b a c t e r i a  and yeasts.  There lbl!as prolonged 

amylase a c t i v i t y  which a g a i n  supported t h e  increased  m i c r o b i a l  

a c t i v i t y .  A similar e f f l u a t ,  tapioca s tarch  separa to r  waste, 
b 

when sub jec ted  to t reatment  in t h e  f a c u b t i v e  ponds a f t e r  



enrichment (COD: l\i:P =100: 20: 1 ) removed bmand 47% BOU du r ing  

5.52 and 9.25 days respectively (Udin, 1970 and Yothin,  1975). 

The s low digestion of the e f f l u e n t s  under  ambient  con- 

d i t i o n s  emphasises the requirement of a r t i f i c i a l  means of t r e a t -  

ments and enrichment of this carbohydrate-rich w a s t e  havinc l o w  

ni t rogen.  Nemerow ( 7  973) has d i s c u s s e d  the r e t z r d a t i o n  of 

microbial  growth under inadequate quant i ty  of n u t r i e n t s  such 

es n i t r o g e n  and phosnho~-us du r ing  waste treatment. 

The g r a v i t y  s e t t l i n g  emeriments of t h e  s o l i d s  in t he  

secondary e f f l u e n t  were found effect ive  to se?arlzte 41.3.: 

t o t a l  s o l i d s ,  and thereby to cause a red1:ction of 45.425< BGD 

end 49.53?5 COD of t h e  e f f luen t   able 9 arid _Fig. 2 .3 ) .  The 

f igure  2.2 shows t h e  poor s e t t l i n g  of s o l i d s  in t h e  primary 

e f f l uen t  o f  cassava s t a r c h  f a c t o r y ,  

5,iii. Submer~ed Fermentat ion of Cassava 5 t s r c h  F z c t c n  

E f f l u e n t s  w i t h  Yeasts and Yeast-l ike Organisms 

f o r  the P r o d u c t i o n  of  S i n ~ l e - C e l l  P r o t e i n  

U t i l i z a t i o n  of inexpensive ca rbon  s o - ~ r c e s ,  especiaLly 

agro- indus t r ia l  wastes, f o r  s ing le -ce l l  p r o t e i n  product ion 

has been the i n t e ~ e s t  of  many investigators r ecen t ly .  Senez 

(1984) has stressed t h e  obvious importance of p r o t e i n  enrich- 

ment of starchy and lignocellulosic wastes for the developing 

count r ies .  The present s t u d y  was started with a view t o  



convert e a s i l y  decomposable carbohydrates of cassava starch 

factory  e f f l u e n t s  into microbial biomzss and f o r  the subsequent 

reduction of pollution load of the e f f l u e n t s ,  Only yeasts and 

yeast-like organisms were selected for these s t u d i e s  ( ~ i ~ s ,  3 A ,  

3B,3C,3D & 3E) because of their established acceptsnce in the 

food m d  feed i ndus t ry .  Growth p a t t e r n  of t h e  c u l t u r s s  was 

studied by measuring free sugars, s ta rch ,  cell numbers and 

total biomzss protein.  Co-culturing of - C. u t i l i s  anz g. fibu- - 
l ige r  . - was found to be effici~nt in removing COD arid BOD w i t h  

apgreciable production of valuable SCP.  

The performance of - C. val ida  in t h e  ~ r i m a r y  e f f l u e n t  

showed its ability to utilize the free reducing sug* at a 

fester ra te  ( F i g .  3.2). Duriw A20 hrs of i n c u b a t i o n  t h e r e  

was a negligible amount of s t z rch  assimilation (0.19?<), 

Generally the starch assimilation of Candida yeas t  was n o t  

s igc i f ican t  except in t h n  case of strains like C. t ro3 icz l i s  - 
(Azoulay, - ~t - 9  a1 1989). It is ev ident  from the  results 

given in t a b l e  72 and fig. 3,4 that there w a s  no biomass 

prote in  procdction or increase in cell nuflbers of c. valida 
a f t e r  4E hrs. The dep le t ion  af  eesily a s s i m i l ~ b l e  carSon 

sorxces c o ~ l d  be Ule main resson for the poor growth 'of the 

orgalzism. 

Results of -the fermentation of primary effluent w i t h  

G. candidum presented in t ab le  13 shows s i m i l a r  p ~ t t e r n  of - - 
growth as observed in t h e  case of C, v s l i d a .  In t h e  case of - 



G. candidum a l s o  there  was poor a s s i m i l a t i o n  of starch.  Cell . e 

m u l t i p l i c a t i o n  ceased when the reducing  sugar content d e p l e t e d ,  

i n d i c a t i n g  s o l e  dependence of t h e  organism on t h e  r e d u c i n g  

sugar. & i n n  and Marchant (1979 and 1980) explo i ted  t h e  same 

q u a l i t y  of - G. candidurn in t he  treetment of  d i s t i l l e r y  wastes 

r i c h  in sugars .  

The fermentation of cassave s tarch factor! -  e f f l u e n t s  

w i t h  s. u t i l i s  i n d i c a t e d  the  rapid uptake o f  r educ ing  ssllear 

f o r  t h e i r  growth and multiplication ( T a b l e  14).  O b s e r v z t i n n  

on t he  e f f ec t  o f  enrichment in the secondzrv e f f l u e n t  ( T a b l e s  17 

'and 18) i l l u s t r a t e d  that t h e  sugzr intake and p r o t e i n  p r o c u c t i o n  

inc reased  with enrichment, shobrir~g the  n e c e s s i t y  of ~ ~ i c h m e n t  

to achieve higher p r o t e i n  y i e l d  ( F i g s .  3.6, 3.7 and 3.8). Thanh 

and ?du (1975) made s i r n i l z r  observations on enrichment d u r i n g  

the grolc.th of  Tarula yeas t  in tapiocz w a s x  rh:aters. Cabib - et. 

al. (1983) have d s o  poin ted  o u t  the import~nce of enrichment - 
in sugzcane  s t i l l e g e  for SZP production. ! k c  - C. u t i l i s  c e l l  

m u l t i p l i c z t l o n  was found decl in iw as soon as the f ree  reducing 

s u g z  con ten t  decreased eventhough t h e r e  w a s  enough quantity 

of organics  in the medium (?is. 3 . 3 ) .  The p o o r  amylo ly t ic  

a c t i v i t y  2s evidenced by t h e  u n ~ t i l i z e d  s t a r ch  hes u l t i m a t e l y  

r e s t r i c t ed  t h e  g r o v t h  oi' s. utilis. BaZasubrar?anga and 

Bhatawdek- (1951) have a l s o  repor ted  t h e  l a c k  of amylo ly t i c  

activity of L. u t i l i s  in t h e i r  studies on agricl l lwral  wayte 

u t i l i z a t i o n  for SCP produc tien. 



The amylolytic activity of - h, f i b u l i g e r  has been well 

documented ( ~ a r l ,  1969; Rattakul ,  1976; Sales and Menezes, 

't976; Lemrnel & &., 7979). Amylolytic a c t i v i t y  of g. f i b u l i g e r  

was obviously remarkable when it w a s  cultured in t h e  e f f l u e n t s  

of cassava starch f a c t o r y  (Table 15). In t h e  yrirnar-y e f f l u e n t  

about 81:; starch was hydr olysed dur ing  120 hrs of incubat ion 

at room temperature (30 + 2 '~ ) .  The inc rease  in recucing  sugar 

content at t he  e a r l y  s t e g ~ s  (48 hr) and subseguent decrease 

in reducing sugar w i t h  d i m i n i s h i n g  s ta rch  c o n t p n t  a l s o  i n d i -  

ceted the  hydrolysis of s t a ~ c h  by t h e  organism ( ~ i g .  3.1). 

'The decrease in the s l u c o s e  p r o d l ~ c t i o n  a f t ~ r  48 hrs might be 

due  to end produc t  repression as w e l l  as t h e  d e p l e t i o n  of s t a r c h  

content .  End p roduc t  represzion of m y l a s e  activity is r enor ted  

f o r  many o t h e r  organisms ( ~ a i t o  anG Y m m o t o ,  1975). The s l o w  

g r o s ~ t h  of t h e  organism and su5se;uent l o w  b iomass  production 

are in a2reernen-i; w i t h  the f i n d i n g s  of jar1 L1969). Lesser 

u t i l i z a t i o n  of s ta rch  and g lucose  in the  non-enriched seoondary 

e f f l u e n t s  when compared w i t h  enriched sanples emphasised the 

need or enrichment f o r  be t t e r  growth of the orgmism (Tz-~les  

19 and 20 an6 Figs.3.5 and 3.6). 

The primzry e f f luen t  of casszva s t s c h  f a c t o r y  was 

7 

f e r n e n t e d  w i t h  another y e e s t - l i k e  organism,  - 2. m x n u s i  m d  

t h ~  r e s u l t s   able 16) showed that about 4%; of ~ta : -ch  wzs 

being hydrolysed &wing ?2 i l  hrs of i ncuba t ion .  The h l ~ l ~ e s t  

co rcen t ra t ion  cf reduc ing  sug-.r in th;. culture i n d i c a t e d  t h a t  



maximum amylase a c t i v i t y  could be a t  48 hr ( ~ i g .  3.2). Em 
er 

m z n u s i  accurnuleted 0.1359: biomass p ro t e in  at 120 hr of incu- 

bat ion,  Whereas - E. f i b u l i g e r  could accumulate 0.1535$ p r o t e i n .  

I n  t he  present s tudy  of f e r m e n t a t i o n  of cessevs s t a r c j  

f a c t o r y  e f f l u e n t s ,  co-culturing t echniques  of C. utilis and - 
z. fibuliger were used for t h e  p r o d u c t i e n  of biomass. Co- - 
c u l t u r i n g  of t h e  s a m ~  organ i sms  has  been trip5 t n  s r o d x c e  I ~ i o n ~ s s  

from s t e r chy  rnaterizle ( ~ a r l ,  11969; Sales and  I i i en~zes ,  7976; 

Rat takul ,  1976; L e n ~ e l  - et -* a1 1979). 

\then t h e  experiments were conducted i n d e p e n d e n t l y  with 
- 

the i n d i v i d u a l  orgatlisrrrs v i z , ,  L. I"j .buli~;er C. u t i l i s  in - - 
- L. . enr iched prim-y ef f l ' c len t ,  it w a s  found thsc. L. ~lbuli~er v;zs - 

able to saccharify s t a r c h  of  the  e y f l u e n t  to t h e  extent  of 

8112 wherezs t h e  s a c c h a r i f i c a x i o n  rate  in t h e  c ~ s e  of C. u t i l i z  - 
was n e g l i g i 5 l e .  The biorness yielci  of both orgsn i sns  \ F : ~ s  COE- 

p a r a t i v e l y  n e g l i g i b l e  t;?~rn the experiments were canducZed 

i n d i v i d u a l l y .  kt t he re  was s i ~ n i f i c m t  inc rease  in the y i e l d  

of  C. u t i l i s  when it xhs co -cu l t u red  w i t h  E. fibulizer whose - J - 
amylolytic a c t i v i t y  r e s u l t e d  in t h e  produc t ion  of r e d u c i n ~  

s u g u  r e q u i r e d  f o r  t h ~  mcltiplication ~f s. u t i l i s  ( ~ a t l  F. 23 ) . 
TTierk? v , : ~  z t q ? . ~ ~ c : . r  in the grok:th of  organism^ a f t ~ l -  95 h r ~  

of incubeti~n i n  co-e:ll%rlre systerr. (Fie.  3.77 ).  S ' r a t ~ r  ( 3  951 ) 

has d i s c u ~ s e d  the i i l : - l f e~ t  i~roblerns z ~ s o c i a t e d  ~ ; i t h  t h e  trs- 

c i i t i  o ~ ? z l  mixed c ~ l t ~ r ~  f ~ r m e n t a t i o n s .  C m a  and Sdb!ad. \ I  970) 

sand Paca (1982) suggested t h a t  t h e  low pH (belori  4.0) developed 



1 

as a result of t h e  catabolism of sugars has profound infiuence 1 
on the ~ e t a r d a t i o n  of growth .  Low pH developed during t he  1 

I 

c u l t u r i n g  could be a major reason f o r  the stagnant growth of 
I 

C. u t i l i s  a f t e r  96 hrs. The m a x i m u m  biomass p r o t e i n  produc- 
er 

tion of 0.165~6 was obtained at the 120th hr of i n c u b a t i o n  

Fig. 3 .  3 Non-enriched con t ro l  experiments in t h e  secondary 

ef f f uent proved t h a t  enrichment had tremendous inf luence on 

the conversion of s tarch to biomass protein and COD removal 

as shown in tables  23 and 24 and figs.3.15-3.20. 

The COD and BOD values were found decreasing at 24 hr, 

i nc reas ing  the m a x i m u m  at 48 hr and again decreas inp  du r ing  

fu r the r  incuba t ion  (Fig, 3.14).  The drastic decrease in the 

COD and BOD at the early stage might be due to the s~paration 

of s o l i d s  while cen t r i fug ing  to remove yeas t  biomass befare 

est imation.  Jesuites (1966) has carried o u t  s e d i n e n t z t i o n  

s tud ie s  on separator waste and found seduc t ion  in BOD and 

COD l e v e l  by s o l i d s  removal. Increase in t h e  amount of s o l u b l e s  

(sugars  and o the r  metaboli tes)  could be the cause f o r  f u r t h e r  

increase in the COD and BOD values.  

When similar co-cul tur ing of - 6 ,  u t i l i s  w i t h  - E. f ibu l ige r  

was carr ied out ,  there was no s tarch h y d r o l y s i s  at the ear ly  . 

stages of i ncuba t ion  (Figs.  3.9 and 3,301. 3ut  there was 

s i g n i f i c a n t  conversion of s tarch to sugars when g .  magnusi 
was cultured alone (Table 16). The low multiplication rate 

of  - E, magnusi during co-culturing with s. u t i l i s  as shown in 



t ab l e  22 and Fig. 3.12 might be t h e  rea-on f o r  the poor amylo- 

l y t i c  act iv i ty .  

Evunthough the reducing sug2x level was found to be 

m a x i m u m  at 120 hr, it was found  that the growth of C, u t i l i s  - 
was retarded. Formation of inh ib i to ry  metabol i tes  as sugges- 

t e d  by Sla ter  t 1 981 ) and M a i o r e l l a ~ t . g f i ~ 3 )  c a d  be the  reason 

f o r  the r e t a r d a t i o n  of growth of C. u t i l i s .  It has been found - 
t h a t  i n h i b i t o r y  metabolites, produced even in small  amounts, 

have a dramatic  effect on microb ia l  growth (pons &., 1986) . 
As a r e s u l t  of t h e  poor growth of g. utilis the p r o t e i n  pro- 

duct ion was a l s o  lower when compared to t h e  co-culturing 

experiments of g. u t i l i s  and E, f i b u l i ~ e r  (Rg, 3.13). The - 
soluble COP and BOG values were found increas ing  with fncu- 

ba t ion  a g a n  due to the poss ib le  con t r ibu t ion  of soluble car-  

bohydrates ( ~ o o n  et d., 1978) . 
R a t t a k u l  (1 976) has stressed t h a t  t h e  observation of  

Jar1 (1 969) that con t ro l l ed  pH, inoculum s i ze ,  as w e l l  as 

dissolved oxygen c o n d i t i o n s  of c u l t u r e  nedi a i ~ f l u e n c e d  the 

cell r a t i o  and c e l l  yield of mixee cultures in s ta rch  fermen- 

t a t i o n ,  The results of t h e  fermentat ion experiments carried 

o u t  in t he  l a b o r a t o r y  f e rmen to r  showed t ha t  under co!:trolled 

conditions the c o - c u l h r i n g  was dramatically f r u c t i f i e d  

(Table 25). Armnd 794 of starch was hydrolysed and assi- 

milated by the organisms dur ing  28 hrs of incubat ion.  A f t e r  

28 &rs the reduct ion i n  s t a r ch  content was very slow, probably 

due to t h e  deple t ion of assimilable subst ra te .  The highest 



bigmass (biomass protein) was observed at the 28th hr and 

thereafter it gradually decreased (~ig. 3.27 ) . Depletion of 

reducing sugar could be the major r e a s o n  f o r  the retarded 

growth of s, u t i l i s  after 24 hrs, which influenced the pro t e in  

y i e l d  as evidenced by t h e  cell r a t i o  of - E. fibuliger and 

C. u - t i l i s  ( ~ a r l ,  1969). The longe r  residence time might have .- 

a l so  curbed t h e  net biomass yield a f t e r  24 hrs, Many i n v e s t i -  

gators have reported that a lower n e t  cell p r o d u c t i o n  with 

longer  residence t i m e  might be the result of increased main- 

tenance energy and cell death (~awrence and FicCar ty ,  1970; 

Sherrard and Schroeder, 1972; Surucu et al., 1975). 

There was a gradual increase in the soluble COD and 

BUD. values in the  beginning s i m i l a r  to the observations made 

in the experiment conducted in shake flasks with C. utilis 
er 

and g. fibuliaer. But t h e  COD and BOD values decreased 

rap id ly  after 8 hrs of incubation. Maximum reduc t ion  of COD 

and BUD was observed (94% and 97% respectively) at the 28th 

hr of incubation under c o n t r o l l e d  conditions [Fig, 3 -24) . 
With adequate aerat ion and a g i t a t i o n  there was rapid nul t i -  

p l i c a t i  on of c e l l s  (Fig.  3 -23) which might have devoured 

the soluble organics in t h e  e f f luen t s .  Mazurnder (7 984) 

reported t h e  co-oxidation of nun-growth support ing carbon 

substrates wi th  the  growth support ing compounds when the 

c e l l  dens i ty  is high. The COD and BOD could not  be further 



reduced by the prolonged f ncubation, Moon -- et al. (1 978) have 

explained such a phenomenon while treating cheese whey and 

whey permeate with yeasts, The r e s i d u a l  GoD/BOD would be the 

t o t a l  ~utput of soluble pro te ins  and in certain cases t h e  extra- 

cellular pol ysaccharides of yeasts and some other metabolites 

(Moan a. ,1978). Thanh and Wu (1 975) a l s o  pointed out t he  

poss ib le  con t r ibu t ion  of broken cell debrf s and cell excret ions  

in the media for the residual COD/BOD, 

5.iv, Sol id State Fermentation of Cassava Starch Factory 

Wastes w i t h  -us a 

Organic pollution as a result of the development of agro- 

industries poses serious probf ems to human heal th.  Agro-indus- 

t r id  waste c m  be channelled i n t o  more usefu l  products w i t h  

the use of microorganisms which continously degrade the organic 

wastes accumulated on the earth. The p a r t i a l  recovery of agri- 

cultural wastes as single-cell protein is one of the means f o r  

the conservation of f ixed carbon resources produced on the 

land . Slnce the  orgenic wastes c o n s t i t u t e  various types of 

compounds, appropriate microorganisms capable of e l a b o r a t i n g  

spec i f ic  enzymes decompose t h e  organic matter  into simpler 

molecules, Therefore, in the case of SCP production from 

agricultural waste, it is required to employ microorganisms 

* with relevant enzymatic ac t iv i ty ,  S o l i d  sta te  f ementa t ion  

of organic  w a s t e s  has been attempted as a means of elevating 



the total protein content of biomass by many workers (Grant 

e t  al 1978; Balasubramanyan and Bhatawdekar, 7981; Rodriguez 
7 ' 1  

et .al 1985). In the present study an attempt was made to - * @  

convert cassava starch f a c t o r y  wastes i n t o  SCP by a s t r a i n  of 

Aspergillus niaer. The high growbh ra te  and very high -gluco- B 
sidase activity distinguish A. niger as a p o t e n t i a l  candidate 

f o r  the product ion  of SCP (Sukan and Y a s i n ,  19%). Results 

given in t k tables 26 & 27 and figure 4.1 show t h a t  there was 

a gradual reduction in the starch con ten t  of the wastes fno- 

culated with A, n ige r  from 0 hr to 720 hr of incubation in 

both enriched and non-enriched wastes, The reduct ion  in t h e  

starch content of the substrate could be correlated w i t h  the  

amyloglucosidase act ivi ty  during the active growth phase of the 

organism as evidenced by t h e  protein build-up at 48 hr (~igs.4.6 

and 4.7). The subsequent reduction in the amyloglucosidase 

a c t i v i t y  could be due to changes in pH as well as reduct ion  of 

starch content. The pH va r i a t i on  was found t o  be in the  range 

of 5 * 4  to 3,0 in the case of enriched substrate. Highest amount 

of enzymatic ac t iv i ty  was observed when the  substrate was en- 

riched with the  basal media containing ammonium su l f a t e  (Figs, 

4 .3  and 4 . 4 ) .  The influences of ammonium s u l f a t e  (Ferriksova, 

1957) and s a l t s  like potassium dihydrogen phosnhate,  magnesium 

s u l f a t e ,  calcium chloride , ( ~ a n o m a n i  et al 1983) etc., on - - - 9  

amylase produc t ion  by Aspergi l lus  oryzae and Aspergillus n i ~ e r  

were reported.  The changes in t he  endoglucanase a c t i v i t y  were 

found to be the m a x i m u m  i n  t he  case of non-~nriched wastes 

( ~ i ~ .  4.5). The law amylolytic a c t i v i t y  has reduced the 



production of glucose in the  media ( ~ i g .  4.2) and this might 

have derepressed the endoglucanase ac t iv i ty  in the substrate , 

Nokrans (1967). Mandels 11 975) and Takagi (1984) have repor ted  

the repress ion phenomena in the presence of  glucose dur ing  

cellulase product ion,  

Fermentation of cassava starch f a c t o r y  waste with A. niger - 
cou ld  br ing  the protein content to 7.0% at the end of 72  hr of 

incuba t ion  from a negligibly l o w  level (1.60%). After 72 hrs 

the  protein produc t ion  o r  the biomass format ion  was i n s i g n i -  

f i c a n t  because of the exhaustion of s ta -ch  s u b s t r a t e  and 

development o f  unfavourable c o n d i t i o n s  like highly a c i d i c  p'rl. 

Lack of n u t r i e n t s  s e r i o u s l y  affected t h e  gro~trth of A. n i ~ e r  - 
and thereby t h e  format ion  of fungal  biomass, as evidenced by 

the low protein con ten t  in the non-enriched waste. 

5 .v. Biomethanation of Cassava Starch Factory Effluents 

Biogas from the  agr icul tural  waste u s u a l l y  contains .  

60 to 70 percent methane and 30 t o  40 percent  carbon d iox ide  

as reported by Fry and Werrill (1973). Reports are a l s o  

av:.ilable on higher y i e l d  of methane with  d i f f e r e n t  feed  

s tocks  and technology ( ~ e s s i n ~ ,  1982). I n  t h e  present s t u d y ,  

biomethanation of cassava s ta rch  f a c t o r y  e f f l u e n t s  w a s  under- 

taken.  Biomethanation of wastes from cassava starch f a c t o r i e s  

has n o t  been reported so fa r ,  The biogas obtained in the 

# 
batch d i g e s t i o n  on analysis by gas chromat ography-mass 

spectrometry (GC-I%) has shown the  presence of methane, ca rbon  



dioxide and butane ( ~ i g s  .5 -1 and 5.2). The presence of butane 

in t h e  biogas is probably reported for the first t h e .  Cowley 

and Wase 11 981 ) reviewed the presence of traces of gases such 

as carbor#ioxide, hydrogen, nitrogen, oxygen and hydrogen 

sul f ide  in addition to methane and carbor#ioxide in the biogas, 

The q u a n t i t a t i v e  estimation of the methane w a s  ca r r i ed  out 

us ing  the gas chromatograph (Fig. 5.3) and t he  average value, 

of samples obtained at cdfferent  cond i t ions  are accounted in 

table  28, 

In the present study only  20% methane was present in t h e  

non-enriched cassav-, starch f ac to ry  waste conta in ing  5% cow- 

dung. But  59% methane could be obtained in the digester when 
I 

the percentage of cow-dung was i r~crcased t o  20%, Oi -- et al. 

(3955) emphasised the i n f l u e n c e  of inoculum ratio on t h e  

produc t ion  of t o t a l  gas, methane content  of the gas and span  

of gas product ion  du r ing  the  methanogenesis of r a m i e - r e f i n i n g  

waste water. Liuring the  methanogenesis of primary e f f luen t  

samples containing cow-dung in the  r a t i o  5:95, 10:90 and 

20:80, there w a s  a great  enhancement in the t o t a l  gas pr cduc- 

t i o n  in propor t ion  w i t h  t h e  q u a n t i t a t i v e  increase  in cow-dung 

which w a s  m a i n l y  intended to use as a source o f  inoculum 

( ~ i ~ .  5.6) .  Presence of l a r g e  number of methanogenic bacteria 

in the cow-dung as al ready reported by Smith and Hungate (1 956) 
1, 

and Paynter and Hungate (1968) could be t he  reason f o r  the 

erihancernent of biogas production when the propor t ion  of cow-dung 
1" 



was Increased in the eff luent  digester. M a x i m u m  gas produc- 

tion of 130.20 1/kg d r y  matter was obtained when cow-dung was 

added at the r a t e  of 20% whereas in t h e  case of digesters 

containing 5% cow4ung, the  gas output was only 7.58 l/kg 

dry matter. The span of gas production was also enhanced with 

the  quant i ta t ive increase of  cow-dung ( F i g s . 5 . 4  and 5 . 5 )  and 

it was direc t ly  propor t ional  to the amount of gas produced in 

these batch experiments. 

There was no methane product ion when s tarch  factory 

waste was subjected -to anaerobic dLgestion in t he  absence 

of cow-dung or ather seeding materials, The constant  reduc- 

t i on  in pH of the digestion fluid indicated the presence of 

acid forming bacteria in the digester. 

High carbohydrate waste usual ly  promotes t h e  growth of 

acid formers whose ac t iv i ty  results I n  acidic and toxic 

environment f o r  the  methane producing bacteria (cowley and 

Wase, 1981 ) . Cassava starch factory wzste being a carbo- 

hydrate mate:-id w i t h  negl ig ible  amount of protein might have 

promoted t h e  growth of acid formers,  Normally, ammonium i o n s  

from t h e  p ro te ins  react with carbo4ioxlde and water to form 

ammonivm bicarbonate which will a c t  as the primary buffer and 

maintain the pH in the neutra l  range ( ~ o w l e ~  an6 Wase, 1981 ; 

Perry, 1984). The role  of C:N ratio a l s o  cannot be ruled out 

here s ince  t h e r e  is a possibility of a t t a i n i n g  a C:N r a t i o  of 

30:l by the addition of cow-dung having a C:N ratio of 20:T. 



Cowley and Wase (1981) have a l s o  reported that the C:N r a t i o  

of 30: 1 f avourably supports biomethanation. Ammonium i o n s  

r e s u l t i n g  from d e g r a d a t i o n  of ni t rogenous  compounds, such as 

p r o t e i n s  and urea ,  become i n h i b i t i v e  above a threshold concen- 

t r a t i o n  ( ~ c ~ a r t y ,  1964). 

The in t roduced ac id  f o r m e r s  of t h e  microbial  f l o r a  m a i n l y  

from t he  cow-dung (McInerne~  and B r y a ~ t ,  7981) m i g h t  hzve de- 

graded t h e  i n s o l u b l e  pol;+-saccharides of the cassava starch 

f a c t o r y  e f f l u e n t  into simpler soluble forms.  The degradat ion 

of polysaccharides <nto a c e t a t e ,  C02, Hz,  propionate ,  bu ty r a t e ,  

e t hano l ,  e t c . ,  has b2en extensively discussed (~ryant, 1967; 

Loehr, 1974). Perhaps t h e  5% cow-dung w a s  not s u f f i c i e n t  t o  

supply enough microb ia l  laad to solubilize t h e  polysacchar ides  

to the ex ten t  of s o l i d s  s o l u b i l i z a t i o n  a t t a i n e d  in 10% and 20% 

cow-dung mixed eff luent ,  and as a r e s u l t ,  t h e  s o l i d s  r e d u c t i o n  

was n o t  s i g n i f i c a n t  (F ig .  5.7) .  In t h e  case of  non-enriched 

e f f luen t s  mixed with 20$ cow-sung maximum COD removal occurred 

in the d i g e s t e r  (62.575). A s  d i s c u s s e d  e a r l i ~ r  maximurn m e t h a n ~  

prm5uction wzs d s o  observed in t h e  same d i g ~ s t e r .  Yourg and 

KcCarty (19633 and Nyns (1980) F ~ Z V F  i n d i c a t e d  that e f f i c i e n t  

removal of p o l l u t i o n  l oad  h ~ s  re..;ulted in s i ~ n i f  i c ~ n t l : ~  h ighe r  

volume of gas f o roa t ion .  

Anaerobic dt~estion o f  cassava s t a r c h  f a c t o r y  e f f l uen t  in 

semi-cont inuous  digesters 

The gas produc t ion  is related to l o a d i n g  rate which in 



turn .depends on r e t e n t i o n  t i m e  and solids concentration 

 o or ton and Hawkes, 1979). An increased gas product ion was 

reported w i t h  higher l o a d i n g  rates of sewage sludges and 

other organics ,  Similar  results were o - ~ t a i n e d  when the load- 

ing ra te  of cassava starch f ac to ry  e f f l u e n t  was enhanced In 

the semi-contlnwus d i g e s t e r s  (Tables 29,30,31 and 3 2 ) .  Thus, 

an increased gas production was achieved w i t h  increased rate 

of  feeding u n t i l  7.8 g COD/1 , of reactor volurne/96 hr was  

reached, But f u r t h e r  increase in t h e  r a t e  of a d d i t i o n  d i d  not 

imp'sove t h e  gas proeuction but reduced it (Table 33) .  Loehr 

(1 974) has repor te  d LiLe possibility of  d imin ish ing  gas produc- 

tion at a higher loading  r a t e  than optimum. Decreasing pH, 

decreasing a l k a l i n i t y ,  increasing v o l a t i l e  ac ids  and increas- 

ing content  of C02  in biogas are  i n d i c a t i o n s  of  f a i lu re  of 

anaerobic process ( ~ e e h r ,  1974). Loehr (1974) has  a l s o  repor- 

ted that increased a d a t i o n  of eas i ly  d i g e s t i b l e  materials 

l i k e  potato waste w i l l  change the d i g e s t e r  sour (ph even less 

than 6.5) .  As and when the cassava s t a r ch  f a c t o r y  e f f l u e n t  

was f e d  at a rate of 9.5 g  COD/^ . of r eac to r  volume/% hr, 

the of t h e  digester  l i q u i d  g o t  lowered to acidic  s i d e  

(5.92-6.20). A r e d u c t i o n  in t he  gas p roduc t i on  observed 

simultaneously supparts the v i e w  that t h e  YrGcess of biometha- 

nation moved to unfavourable c o n d i t i o n s  at t he  above r a t e  of 

l oad ing  and the subsequent change in pH, 

If the gas production is cor re la ted  to pH it is ev iden t  



that t h e  m a x i m u m  output  o f  biogas was achieved in the  neutra l  

pH range w i t h  optimum loading r a t e .  T h i s  is in accordance with 

r e p o r t s  by earlier workers. 

Cawley and Wase (7983) have reviewed t h e  importznce of 

de ten t ion  t ime of t h e  c o n t e n t s  of t h e  digester, irrespective 

of d i g e s t e r  design e s p e c i a l l y  f o r  gas yield and solids reduc- 

t i o n  (Hawkes and H o r t o n ,  19E1). U s u a l l y  tile f t r m  waste d i g e s t e r s  

are r u n  bctween 7 a n d  30 days (Keyne l l ,  7975; Surnm~rs and E o n s f i e l d ,  

1978). In t h e  e x p e r i r n ~ n t s  of anaerobic d i g e ~ t i o n  w i t h  cEFsava 

s t a r c h  factory ef fl l l-nt d i g e s t i o n  a t  3 ' .32 d a y s  hydrsulic d e t e n -  

t i o n  time (7.8 g C03/1, /96 hr), maximum gas pro-iuction c o u l d  

be achieved,  w i t h  f a i r l y  good r educ t ion  ol" s o l i d s  (Figs.5.8 

and 5.9) 2t room tevlperature (30 + ~ O C )  and minimum s t i r r i n g  - 
(3 times d a i l y  f o r  2 min). 

It has been reported t h a t  at t l i e r m o p h i l i c  cond i t ions  in 

completely mixed digesters  the  r e t e n t i o n  time could be reduced 

t o  5 days with some other organic mater ia ls  ( ~ o o n e y  and  Wise,1975; 

Varel .et,&,,1977; Temper et a1 1 9 ~ 2 ) .  14e~mel l  (1976) has - - -.9 

suggested t h a t  the t i m e  ~ e q u i r e d  to d e ~ r s d e  211 the organic  

metter in an untrezted d i g e s t e r  is almost s i x  months. 

The r a t e  of  deg rada t ion  of e o l i d s  is n c t  ap? rec i ah l e  by 

further extens ion  of h y d r a u l i c  d e t e n t i o n  t i m e  (40 days w i t h  

47.5% or 300 days w i t h  58.17; s o l i d s  reduction). A s  ment ioned 

3 
e a r l i e r  t h e  primary e f f l u e n t  samples con t a ined  about 50% s ta rch .  



In t h i s  short hydraulic detention t i m e  only the eas i l y  hydroly- 

sable starch might have been degraded. The rapid degradation 

of s t a r ch  was a lso  suggested by Nofke et al. (1985) in connec- -- 
tion with the anaerobic digestion of cxbohydrates.  Assuming 

that the easily hydrolysable s t a r ch  has been utilised f o r  bio-  

gas genera t ion ,  c a l c u l a t i o n s  were carried ou t  according t o  the 

method of Chittenden -- et al. (1980). It was shown t h a t  an average 

value of 92% s t a rch  g o t  degraded at 33.32 hydraulic d e t e n t i o n  

time and produced 724 1. of biogas per kg stzrch, the theoret ical  

value being 830 1, of biogas per kg of s t a r ch ,  

The acicic discharges of s t a r c h  fac tor ies  c z r r y  l a r g e  

amounts of organic matter such as free reduc ing  sugar, easily 

degradable starch and slow decomposable fibrous matter, etc. 

This  carbonaceous pabulum is being contaminated with microflora 

comprising bac te r ia ,  moulds and ac tinomycetes . Thc primary 

e f f l u e n t  was r e s i s t a n t  to stabilization under n a t u r a l  c o n d i -  

t i o n s  even though f a i r l y  good r educ t ion  in t h e  BOD and COD 

could be achieved in t h e  secondary e f f l u e n t  by keeping it at 

ambient condi t ions  or by p l a i n  sedimentations to remove s o l i d s .  

Aerobic fermentations of the e f f l u e n t s  w i t h  s. val ida ,  s,candidum, 

C, u t i l i s ,  E, fibuliger and L ,  rnz~nus i ,  ind iv iduz l ly  and in - - 
different combinations, showed a possibility t o  c o n v c r t  the 

e f f luen t s  into yeast biomass. Eut the  co-cul tur ing of amylo- 

l y t i c  y e a s t  g. f i b u l i ~ e r  and well known fodder yeas t  C. u t i l i s  

p s  found useful  in obtaining a d r i e d  product  ( ~ i g .  3 ~ )  con- 

taining 22.0796 (w/w) pro te in  w i t h  s ign i f i can t  reduct ion  of 



po l lu t ion  load (83% COD). - A. n i ~ e r  l u x u r i a n t l y  grew on t h i s  

waste and produced a protein rich residue. Anaerobic fermen- 

t a t i o n  of thc- eff luents  f o r  methane production could convert 

the soluble sugars and about 92% s t a r c h  into biogas. 

An integrated s c i e n t i f i c  approach to solve t he  problem 

of po l lu t i en  of environment by cassava s tarch factory effluents 

f o r  product ions of SCP and biogas, described in t h i s  work, is 

hoped to have a tremendous impact on the management o f  e f f l u e n t  

problems of agro-based industries. 



CHAPTER 6 

SUMMAW 



Serious pollution pr'oblems from cassava starch f a c t o r i e s  

indica ted  the necessity for developing remedial measures. 

Inves t igzt iorson the  aerobic and anaerobic treatment of czssava 

starch f a c t o r y  e f f luents  w e r e  theref ore  made. The stabilization 

of the w a s t e  was achieved w i t h  valuable by-products lik single- 

c e l l  p r o t e i n s  and methane. 

The fol lowing s i g n i f i c a n t  observations were made dur ing  

the study. 

Two kinds sf e f f l u e n t s ,  the primary and  secondary e f f l u -  ' '1. 

en ts  f rom the  large-scale s t s c h  factory and the secondery 

ef f luen t  from the ~mal;-scale s tarch f a c t o r y  were the main 

sources of pollution, 

2. Tkre primary e f f l u e n t  was a thick s l u r r y  with a high 

p o l l u t i o n  load as evidenced by a BOD conten t  of 13,200-74,300 

m g / l  and a COD content of 38,220-48,820 rng/l. 

3. The secondary e f f l u e n t  was ra ther  a d i l u t e d  one, w i t h  a 

comparatively l o w  BOD of 3,600-7,050 m g f l  and a COD of 3,800- 

12,050 m g / l .  

4 .  The a n a l y s i s  of cassava s-karch f a c t o r y  e f f luen t  showed 

the presence of soluble sugars, starch, celluloses, and irzces of 



n i t r o ~ e n o u s  matter. 

5 A t  t h e  early s tages  of dischzrge the e f f l u e n t s  showed 

t h e  presence of  t h e  t o x i c  compounl?, hydroc:~anic  acid. 

6. V ~ r i o u s  k i n d s  of m i c r o a r g a n i r ~ s  i n c l u d i n g  b a c t e r i a ,  

yeasts ,  moulds, acd act inomycetes  were p r e s e n t  i n  t h e  e f f l u e n t ,  

7 Gram-positive bacteria, spore f o r n e r s ,  non-spore f erners ,  

and c o l i f o r n s  7::ere found in large numbers. 

8. Candida val ide  was t h e  predoninant y e a s t  i d e n t i f i e d  in 

t h e  effluents. 

9. Large nuvber of G e o t r i c h q  csndidum, Saccharoinyces s p e c i ~ ,  

conlnon sej3rophytic I 'ungi l i k e  Fihizonus , Asoe r f i i l l u s ,  Penicillium , 
-, 
r uswiurn ,  l 'onocilliun and Humicola were observed. 

10. 'emovzl of s o l i d s  t o  t h e  extent ol" 43.3:,<: by s e d i r r l ~ n t z t i o n  

r e s u l t e d  ir, r e d u r i n g  50'., of COD from t h e  secondary e f f l u e g t s .  

Eut  in t h e  p r imary  e f f l u e n t  there  was no r e d u c t i o n  i n  COC by 

, sec imenta t ion ,  

1 3 .  Under  a - b i ~ n t  c o n d i t i o n s  the degsadz t i on  of orgsnics by 

t h e  na tura l  f l o r e  was c o n p a ~ ~ a t i v e l y  ~ l o h ; ,  A reduction of o n l y  

5b.b COZ w a s  observed in t h e  primary e fZ luen t  of casssva s t a r ch  

f a c t o r y  dur ing  10 days  of incubation.  kt the  same time 95% 

CilD removal was observed in the s e c o n d z y  ef f l .uen t .  



12. Rapid u t i l i z a t i o n  of f r e e  reducing sugar was possible 

w i t h  Candida val lda ,  Geotrichum candidum and Candida  u t i l i s .  -.-- 

13.  Among the var ious  yeas ts  and y e a s t - l i k e  organisms 

chosen fo r  the aerobic t r e a t m e ~ t  of cassava s t a r c h  f a c t o r y  

e f f luen t s ,  Endonycopsis macnusi and Endomycopsis fibuliger 

were found to be e f f i c i e n t  in u t i l i z i n g  s t a r c h  present in t h e  

e f f l u e n t ,  though t h e y  had a comperat ively  s l ow  growth. 

14. Co-cul twing of Candida utilis and t h e  Endomycopsls 

f i b u l i g e r  w a s  found to be a be t te r  method f o r  t h e  hydrolyeis 

of s t a r c h  and ass imi la t ion  of t h e  r e s u l t a n t  f r e e  reducing sugar .  

15. The conversion of carbohydrate waste i n t o  SCP w a s  r a p i d  

when f e r m e n t a t i o n  was carried ou t  u n d e r  monitored c o n d i t i o n s  

i .e .  in a l a b o r a t o r y  f e r c e n t o r  w i t h  proper mixing ,  a e r a t i o n ,  

pH and temperature c o n t r o l .  

16. About 94:; of  t h e  C 0 3  and 31;' of t he  BOD w e r e  removed ky 

aerobic  treatment. 

77. The p r o t e i n  c o n t e n t  of t h e  d r i e d  residue ob t a ined  from 

the  f ~ r i ~ . e r . t o r  at 23 hr of i n c u b a t i o n  wzs 22~1, which w a s  found  

to be maximum dtlr ing t h e  i n c u b ~ t i o n  of Ohr to 60 hr. 

16. S o l i d  s t a t e  f e r m e n t a t i o n  of cassava s ta rch  f a c t o r y  waste 

with A z p e r f i i l l  us nirer  could increase the total protein con t e n t  

to 7.EL from the  i n i t i a l  level of 1.61~. 

e 



19. Anyloglucosidase enzyme activity during the fermentat ion 

of cassava starch f a c t o r y  waste w i t h  Asver~iLlus n i ~ e r  was lower 

than that in other  substrates, reported i n  t h e  l i t e r a t u r e .  

20. In bothsubmerged and solid state f e r ~ ~ e n t a t i o n ,  e m i c h m e n t  

of t h e  subst ra te  with nutrients promoted t h e  growth of the 

organisms and  p roduc t ion  o f  p r o t e i n ,  

21. Anaerobic d i g e s t i o n  of cassava starch f e c t o r y  e f f l u e n t  in 

batch d ige s t e r s  produced 130.2 1, of biogas per kg d r y  mat ter  

with  an average methane c o n t e n t  of 59;". 

22. The anaerobic process could reduce 63% COD during two 

months of incubation, 

23. Semi-continuous digestion of cassava e ta rch  factory 

effluents produced about 325 1, of biogas per kg dry natter. 

24. IXlring the  hydraulic re ten t ion  t ime of two days in the  an- 

aerobic digester 46% s o l i d s  were digested under ambient 

temperature. 
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APPENDIX 



Table 1 PHYSlCO-CHEHlCAL CHARACTERISTIES OF C A S S A V A  STARCH FKTORY EFFLUENTS 
~-===*'============E===============:====~=========:===~-=============~====:=======:=z====:===========~-=====~~===== 

Ef FLUENTS OF LARGE SCALE STAIlCH FACTORY 
---------------------------*-*--------*------------------------------"------------------***-----4------------- 

~a I EF F LUEHTS SECONDARY ETFLUEHTS 

IOTA. 5ULIDS I iM 35.b4 33.2 40 42 3 . 9  3.2 5.5 7 . b  
CJI~I SIGMA t .7bb .JW 1.223 ,758 .15 . I t7  .2U3 . 189 

C . V ,  4.95 2.13 3.0b 1.11 3.85 3,67 3.7 T.27 
------"--d-----------*------*--*-----dh---*-------*--------------------*---------*-----------------------d--**-"-- 

SVSPERPEI SOL IDS I B A R  33.25 1 2  35.1 37 
19111 * SlGNA1.038 1 1 7  ,136 .id? 

C.V. 3.12 .37 , 39 ,51 
--------------------------*-------**----------------------------**-----*----------------*------*--------*------ 

HYDRNYSABLE SUGAR l a ~  22.97 22.61 24.61 29.21 1 .  1.12 I .  2,761 
I S  GLUCOSE SIGNA . b e  . I81 ,074 ,84 .Ob4 .MI .(163 ,097 
(gill C.U. 2.66 .8 ,3 2.93 4.4 5.1 3.Eb 3.52 

-----------------------------*--*-----------------*--------***----------------------------**--------*--------*----- 

FAEE R E M  I IG WBM ,525 .425 .76 1.85 ,978 ,735 1.347 2.06 
SUGAR AS GLUCOSE 51GM ..[)28 .UP9 . O W  .Oh7 ,Oh 1 ,077 -08 .13 
19/11 C.V. 5 .3  6.79 6 , 9 4  3.b5 b, lP  10.69 5 , 9 6  b.32 

----------------------------------------***------*-*-----------------*----------"---------*---------------------- 

TOTAL NITROGEN XEAR ,108 ,097 .Of3 ,182 .07 .Oh5 ,077 .QBb 
(gill SIGnA .01 ,0015 .Oil5 ,005 ,003 ,002 ,007 ,005 

C a v e  7.17 1.21 3.57 2.79 4.27 3.39  4.55 b.35 
---------------*---------d-***------d-----------------**---*-----------------*------------------------------------ 

COD XBAR 4O.bI 38.22 45.64 48.12 4.75  3.8 b.W 12.05 
111111 S I G M  ,338 2.325 2.656 ,656 ,224 ,162 ,333 ,873 

. C.V, -83 6 .01  5.1 1.31 4 , 7 2  4.27 5.53 7.25 

Ion YBAR 13.6 13,2 14.05 14.3 
[{/ll% SIGflh ,637 ,945 ,681 .%I3 

C.V .  4 , b 9  7.44 4 , 8 5  Sub! 

X&AR - A v e r a g e  t,2,3,4-Samples co l l e r t cd  at  d i f f e r e n t  Llringg 
SIGM.4 -Standard Deviation 
C . V .  - C o - e f f i c i e n t  o f  Variation 



Table 2. 
PHYSICO-CHEMICAL CHARACTERISTICS O f  C A S S A V A  STARCH 

F A C T O R Y  EFFLUENTS .................................................... -------------------__---------------------------------- 
SECONDARY EFFLUENTS OF SMALL-SCALE STARCH F A C T O R Y  .................................................... 

1 2 3 .................................................... 
p ! l ( + O R - 0 . 2 3  4 . 5  4.6 4.7 .................................................... 
TOTAL SOLIDS XBAR 4 5.2 6.6 
( g / l l  SIGNA . A21 - 2 8 6  .317 

C.V .  3.03 5 . 5  4 . 8 1  .................................................... 
SUSPENDED SOLIDS XBAR T.87 2 .32  2.96 
( g / l )  S I GRA .169 ,185 .241 

C , V -  9 . 0 4  7.97 0.13 .................................................... 
" HYDROLYSARLE X B A A  1 .53 2 . 3 4  3.02 

SUGAR AS GLUCOSE SIGMA . 129  - 0 8 9  . I T 7  
( g i l l  C .  Wq 8 . 4 1  3 . 7 9  6.54 .................................................... 
FREE REDUCING XBAR ,414 .97 2 . 0 7 5  
SUGAR AS GLUCOSE SIGPIA .a32 . I 0 2  . 1 7 4  
( g / l )  C.V. 5 . 0 1  40.49 8.37 

-------------------------&-------------------------- 

TOTAL NITROGEN XBAR .Oh5 . Oh8 .a74 
( g / ~ )  S IGMA , 002 .on4 .a04 

C . V *  3. OLS 5 . 8 7  5 . 5 0  .................................................... 
COD ~ B A A  4.87 6 . 8  9 . 6  
(gill SIGRA , 259  . t 9 6  . I 3 4  

C .  V. 5 .33  2 - 8 8  1.39 
---------------------------------------------------- 

B O D  XBAR 3.87 4.76 6 . 0 2  
I g / l )  S I G H b  .222 .183 . 511  

C . V. 5 . 7 3  3.85 8.49 



Table 3 Table 4 
3 

RICROElAL LOAD M: THE CASSAVA STARCH FACTORY 
EF FLKNTS 

11=1::====:======~==============::==r-== 

PRllMY DFLUEWTS- LARGE SCALE STARCH FACTORY 

SAMPLES BACTERIAL ACTIHO ROVLDS YEAST 
COUNT NYCETES COUNT COUNT 

COUNT 
!HXlDa5 tNItO"3 IW110'5 (Nl t0 '3  

111) 1811 I m 1 )  Jell 
-----d---------------*---*-------------*---- 

IBM 1 5 3 20 1.2 
S I G ~ A  , Zb .25 1.3 .06 
C , V .  5.77 8.4 A.5 5 
-------------------------------------------*- 

1BM 2 10 10 17.5 14,73 
SIW , , a  11 1 .b3 1.1 1.1 
C. V ., 1.1 6.3 6.29 12,2 

IBM 3 .7 . P 3 . b  l 0  
Slim ,ti9 - 41  -15 -42 
C.U. 12.66 12,22 9,72 4.2 
........................................... 
18M 4 3.45 1 TO 3.1 
SIGM .2b .I .7 .23 
C.V. 7 , 5 4  10.2 7.29 1.13 
-"--**--------*-*---------------------------- 

IICROEIbL LOAD OF THE CASSAVA STARCH FACTMY 
EFF LUEMTS 

---------------------------*--------------- 

SECONOARY EFFLUENTS-LARGE St ALE STARCH FACTORV 
--------------*---------**------------------ 

SARPLES B#TEAIAL A C T  IN0 hOULDS YEAST 
CPUHT RYCETES COUNT CWWT 

COUNT 
( ~ 1 1 0 ' 5  (HI l a -3  i n x i o - 5  cnxlob3 

1111 lrlF 111) i l l )  

XBM 4 273.18 1.56 2.5 17.01 
SIGM 2fl.96 .07 -09  t . b  
C . Y .  7.65 4 . 2 h  3.6 1.39 

------------------*------------------------ 

Table 5 

I I C R O B I A L  LOAU In THE CASSAVA S i A R t H  FACTORY 
EFFLUEHTS 

-I--------------C-*-------------------*------ 

SECONDARY EFFLVEIIT-SHALL SCALE STARCH FACTORY 
-------------I-----------*-------*------*-- 

SANPLES BACTERIA ACTIN4 MJULDS YEASTS 
COUMT NYCETES 

CounT 
lNY fO"5 lUXl0'3 (NXf0 '5  lM11Ba3 

Em11 111) 1 1111 
-----*----*-------------------------*-------- 

XlM 1 10.5 2 19 35 
SI3M .5 , I 7  .7 2.2 
C .V. 4.88 1.5 7 1  b.17 
-----C----------r-------------**-------m---*- 

IBM 2 15,U 1.5 4 26.3 
51  GM .13 .OP . 43 1.4 
C.V. 5.4 b t0.75 5.5 
------I------------------------------------- 

ItM 3 3,5 2 29 12 
STGRA -47 . I4 3.4 l , t  
C.V. 12.31 7 I l . b t  10 
------------------*-------------------*----- 

1iAR 4 12.3 1.2 33 29 
$1 W 1.2 .W 2.9 2.1 
C.V.  9.76 7.5 7.27 6.36 
------------------------------------------* 



Table 7 
BIOCHEMICAL CHANGES OF C A S S A V A  STARCH F A C T O R Y  
====================================================== 
P R I M A R Y  EFFLUENT AT AMBIENT CONDITIONS ------- -------zz=a~==========az============================== 

INCUBATN REDUCING AMYLASE COD B O D '  
TIME SUGARS A C t l V I T Y t q / l i t r e ) ( g / l i t r e )  

( % W / V )  t S p . a c t i -  
vity ...................................................... 

X B A R  4 -04 O a O 0  14.7 t  37.20 
S I GHA .00 1.22 1.80 
C . V  4.73 8 -28 4 . 5 9  ...................................................... 
X B A R  2 .02  46 
S I G M A  . O O  .04 
C . V  2 B . 2 8  8.12 
T-VALUE -31.03 
Significance 
1 e v e  1 * + '  ...................................................... 
X H A R  3 .0 1 .&& 
SIGMA .00 • OZ 
C .  V 10.08 3.26 
f -VALUE - 3 3 . 9 7  1 3 5 . 9 8  
Significance 
l e v e l  * * ...................................................... 
XB A R  4 .01 .?b 
S I G M A  " 0 0  .02 
C.V 5.17 2.2'5 
T-VALUE -44.61 4 5 1 . 7 9  
S i q n i f  i e a n c e  
l e v e l  * * 
-----------------------------------------------&------ 

X B A R  5 , 0 1  . 76  
SIGMA .OO .03 
C . V  8.16  4 . 3 6  
T-VALUE -43.76 80.11 
Signif i cancc  
l e v e l  * * 



X B A R  b . 01  .42  
S I G M A  . OQ .02 
C . V  , 7 . 9 5  4.35 
f-VALUE -46.44 $4 .41  
S i g n i f i c a n c e  
l e v e l  * * 
__L_--______________--~-- - - - - - - - - - - - - - - - . -  

XB A R  7 - 0 1  . 3 3  
S I G M A  - 0 0  . a 3  
C . V  5 . 8 9  9 . 7 9  
T-VALUE - 4 5 . 4 1  34.79 
Significance 
l e v e l  je * - - - - - - - - - - - I - - _ - - _ - - - - - - - - - - - - - - - - - -, - - - _ -* - - - - - - - -. - - - - 
X B A R  8 .a1 .42 
SIGMA .OO -02 
C . V  6.60 4 . 9 4  
T-VALUE -47.36 66.41 
S i g n i f i c a n c e  
l e v e l  * 3 
_*C-_I_-___-__I_-__------------ ---_I-_---____-____---d 

X B A R  9 . O  2 . 45  
SIGMA .OO .ti3 
C . V  7.14 6 . b 7  
T-VALUE -54.75 47.43 
Significance 
l e v e l  * 
-___CI__C__________----_--- - - - - - - - - -  

XBAR 10 . Q l  - 3 0  45.36 39.30 
S I G M A  . O O  . 02 .67  2.27 
C . V  7.50 4.67 4 . 3 4  b .  43 
T-VALUE - 4 9 . 1 2  47.43 1 . 4 8  -2.07 
Significance 
l e v e l  9 R + * * lr 
- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - - - - - - -  



Table 8 
R I O C H E M l C A L  CHANGES OF C A S S A V A  STARCH F A C T O R Y  

SECONDARY EFFLUENT AT AHfl IENT CONDIT IONS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

INCUEATN REDUCING ANYLASE C O D  BOD 
TIME SUGARS A C T I V I T Y  

( D A Y )  (XW/Vl(sp.acti-Cg/litreltg/litre> 
v i t y )  ...................................................... 

XBAR 1 .03 9 -00 3 . 9 5  3.57 
S 1 GMA .00 ,19 .A0 
C . V .  4 .27  4 . 8 1  2 . 6 7  ...................................................... 
X B A R  2 .02 .42 
S I G H A  .OO .Q3 
C . V .  4.66 6.38 
T-VALUE -32 .13  
l e v e l  
- - - - - - - - - . . - . . 

X B A R  3 -01  * 7 3  
SIGMA .oa . 02  
C . V .  7 . 0 5  3.03 
T-VdLUE - 3 9 . 3 6  27.19 
Signif i c a n c s  
1 e v e  1 * * 
XBAR 4 .Of . 4 5  
SIGMA . O D  .03 
C . V .  4.24 6 . 0 9  
T-VALUE - 4 8 . 8 2  2.24 
Significance 
l e v e l  * ** ...................................................... 
X G A R  5 "02 .95 
S I GHA .00 ' .03 
C . V .  5.33 2 . 8 9  
T-VALVE -28.00 3 9 . 5 0  
Significance 
l e v e l  * * ................................................ (Contdl 



X B A R  b . O l  .35 
S I G M A  .OO .03 
C . V .  9.48 8 . 4 1  
T-VALUE - 3 8 . 5 h  - 5 . 2 2  
S i g n i f i c a n c e  
l e v e l  * .1c 

-------_L-------_---d----------------d--------.----m---- 

X B A R  7 -0.1 . 5 2  
SIGMA .OO .03 
C . V .  8 . 5  1 '5.08 
T-VALUE - 6 0 . 4 5  7.45 
S i g n i f i c a n c e  
1 e v e  1 * * 
----1____11---------d----------------------------d---- 

X B A R  a "0.1 .6z 
S I GHA . O Q  . 0 3  
C . V .  4.32 4.23 
T-VALUE -62.51 7 . 4 5  
S i g n i f i c a n c e  
l e v e l  * * 
----3-----------___----------------------------------- 

X B A R  9 . 00 .35 
S I G M A  .00 .04 
C . V .  7 . 5 0  11.43 
T-VALUE - b 4 , 0 0  -4.43 
Significance 
l e v e l  * * 
-----_1__dLI------_-----------d----------,------------- 

X B A R  I 0  .OO -30 2 .58  1 . 9 4  
S I G M A  .00 .03 .22 . I 4  
C . V .  5 . 0 0  l O m O O  8.49 7. t 3  
T-VALUE ' b l t . 7 1  -8.94 -A4.90 -30.00 
Sig n i f i c a n c e  
l e v e l  * w -# * ...................................................... 



Table 10 
M I C R O B I A L  PROLIFERATION IN THE C.S.F.PRIMARY EFFLUENT UNDER 

AMBIENT CONDITfONS 
............................................................ 

INCUBATN BACTERIAL YEASTS WOULDS 
T I  ME COUNT COUNT COUNT 
( D A Y 1  . ( N X A U " 6  INXlO"4 I N X l D A 6  

/ m l )  / m l )  / m l )  ............................................................ 
XBAR 1 .09 . 6 0  . O l  
S I G M A  .04 .05  . 0 0  
C . V  8 . 8 9  7 . 5 0  7.50 ............................................................ 
XBAR 2 . I 2  4. QU .30 
S I G M A  .O.t .30 .04 
C. V 0.33 7 . 4 5  q 2 . 1 4  
T-VALUE 7.47 35.35 25 .29  
Significance L e v e l  * * * ............................................................ 
X B A R  3 . 90 30.130 2 . 1 0  
S I G M A  . 0 5  2 , 4 9  . t b  
C . V  5 . 5 6  9 . 0 0  7 . 8 2  
T-VALUE 5 0 . 5 9  34 .56  4 0 . 2 6  
S i g n i f i c a n c e  l e v e l  * * * ............................................................ 
X B A R  4 9 . 1 0  39.40 4 . 6 0  
SIGMA . 7 2  3.73 .37 
C . V  7 . 9 1  9.47 7 . 9 6  
T-V ALUE 3 9 . 5 7  32.87 3 9 . 6 4  
S i g n i f i c a n c e  l e v e l  0 w + ..................................................... { C o n t d )  



X B A R  5 24 .30  54.40 8 .70  
SIGMA 1.96 5.03 . bQ 
C . V  8,U5 9 . 2 5  6 - 9 3  
T-VALUE 3 9 .  OA 33.82 4 5 . 5 6  
Significance l e v e l  + * * ............................................................ 
X B A R  b 9 7 . 8 0  82.013 18.55 
S I G M A  5 . 5 8  6 . 5 2  1.46 
C . V  5 .71 7 . 9 5  7 . 8 9  
T-VALUE 55 .37  3 9 . 4 8  40.04 
Significance l e v e l  # * 9 ............................................................ 
XBAR 7 276.60 100.10 10 20 
SIGMA 2 9 . 1 9  7.36 7.04 

I C .V 9.84 7 . 3 5  6 .90  
T-VALUE 32.12 4 2 . 7 5  4 . 5 8  
Signif i c a h c e  l e v e l  * * + 

---------c--------------------------w----------------------- 

X B A R  6 400.00  9 3 . 6 4  15 ,QO 
SIGMA A2* 19 9.11 .96 
C . V  3.135 9 . 7 3  4 . 3 6  
f -VALUE 1 0 3 . 7 4  32.30 4 9 . 5 3  
Significance level # * * ............................................................ 
XBAR 9 600 .05  9 7 . 0 0  . t O . 8 0  
SIGMA 2 8 - 2 3  0.21 '1.08 
C . V  4-74 8 . 4 6  10.00 
7-VALUE 67.21 37.13 31 .57  
Significance l e v e l  * * * ............................................................ 
X 6 A R  I 0  4 9 5 . 6 0  9 9 . 8 0  .t8.00 
SIGMA 36.77 4.47 

& 
2. PO 

C . V  7 . 3 0  9.49 11.11 
T-VALUE 4 3 . 3 2  70.17 28.44 
S i g n i f i c a n c e  l e v e l  * .I) * ............................................................ 
+ Significant a t  5% l e v e l  

** N o t  significant 



Table 11 
M I C R O B I A L  P R O L I F E R A T I O N  SF THE C . S . F .  
SECONDARY EFFLUENT UNDER AMBIENT CONDXTIONS 
-------------el------------------------------ ............................................. 

INCUBTN BACTERIAL YEASTS MOULDS 
T I  HE COUNT COUNT COUNT 
( D A Y )  I N X 7 t I a 6  ( N X l a - 6  ( N X ? U " &  

J m 3  1 / m l )  / m l )  ............................................. 
X B A R  I 30.08 2.40 .04 
SIGMA 3.83 .20 . OD 
C , V .  12.77 7 . 5 0  5 .23  ............................................. 
XBAR 2 30.00 4.50 .30 
S I G M A  3.30 .2[3 .02 
C . V .  11.00 5 . 5 0  7.83 
T-VALUE -. 0 5  23.48 3 5 . 4 2  
S i g n i f i c a n c e  
l e v e l  90 9 w 

XBAR 3 40.50 40.00 -39 
S I G M A  2 . 2 4  2.30 " 2 2  
C . V .  5.53 5 . 7 8  5.73 
T-VALUE 7.43 5 2 . 5 0  5.03 
S i g n i f i c a n c e  
l e v e l  * * * 
XBAR 4 65 .00  130.00 2 . 0 2  
S I G M A  3 . 4 6  12.45 .14 
C.V. 5.32 7 . 0 5  7.00 
7-VALUE 21 ' 3 9  27.33  44.72 
S i g n i f i c a n c e  
l e v e l  8 9 .IC .................................... ( C o n t d )  



X B A R  5 75 .00  A20.50 4.00 
S I G M A  3 .61  8 . 1 8  . 4 1  
C . V .  4 . 5 5  6 . 7 9  10.22 
T-VALUE 27 ': 7 0  45.64 315.54 
S i g n i f i c a n c e  
l e v e l  * .  * * 
XBAR b 80 .50  d80.00 3.9$ 
S I G M A  7.34 9.49 .27 
C . V .  9 . 1 2  5 . 2 7  6 .82  
T-VALUE 19.26 59 .17  4 5 . 9 1  
Significance 
l e v e l  * * o ............................................. 
XBAR 7 230.00 2 9 9 . 9 8  2.30 
SIGMA 9 .00  9.49 . 27  
C , V ,  3.9.1 5 . 2 7  44.90 
T-VALVE 6 4 . 6 4  9 9 . 1 4  26.47 
Significance 
l e v e l  * 9 # ............................................. 
X B A R  8 270.00 4 9 1 . 7 9  4 . Q D  
S I G M A  7 0 . 4 1  39.47 - 6 0  
C. V .  3.86 8 , 0 3  6.00 
T-VALUE 68.40 37.21 5 . 0 6  
Significance 
l e v e l  * + + 

X B A R  9 442.34 339 .80  2 . 0 0  
SIGMA q 2 . 4 5  19.00 1.88 
C . V .  2 .81  5 - 5 9  9 . 4 1  
T-VALUE 100.09 5 6 .  A5 3 30 
Significance 
l e v e l  * * * 
--------------------------------------------+ 

X B A R  10 500.00 310.00 4.82 
S 1 G M A  2 4 . 8 9  2 b . 7 3  . I 9  
C .  V .  4.98 8 . 6 2  7 0 . 4 3  
T-VALVE 99.01 3 6 . 3 9  2 9 . 6 2  
S i q n i f  icance 
l e v e l  + * * 



Table 12 
PERFORMANCE OF Candida valida I N  THE C . S . F . P R 1 M A R Y  EFFLUENT --------------------------------------------------------------- ............................................................... 

TIME S T A R C H  RD.SUGAR CELL ~40 BIGMASS 
(HI?) l%w/v) ( X w i v )  ( N X Z O " 6  PROTEIN 

/ m l )  ( % w / v )  --------------------------------------------------------------- 
X B A R  B 2 . 2 3  .016 2 ?  . Z  . O b S  
SIGMA . CB .On07 1.3 ,0133 
C . V  3.63 4.57 6. ,I5 5.5 ............................................................... 
Xn AR 2 4  2 . 1 9  ,006 30 ,096 
S I G M A  . 07 .ooo3 1.33 . aoz 
C . V  3.28 5.35 4 . 4 4  1.57 
T-VALUE -1 .06430 -37.'!391 13.3831b 2 4 . 3 1 8 4 0  
Significance 
l e v e l  ** 8 + + ............................................................... 
~ B A R  48 2. j3 .ooa 50.7 . I U ~  
SIGMA 1 .05 . a0 I 2.49 ,003 
C . V  2 . 2  8.33 4.7.1 2.6 
T-VALUE -2.79813 -78 .5371  29 ,70474  26.6$&$7 
S i g n i f i c a n c e  
l e v e l  09 9 + 9 

X B A R  7 2  2.1 1 .On& 4 2 . 3  . -102 
SIGMA .08 .a004 3.11  .a04 
C . V  3 . 8 4  5.72. 7 . 3 6  3.43 
T-V ALVE -3.00000 -35.0823 f 7 . 7 0 5 0 9  20.93Q36 
S i g n i f i c a n c e  
l e v e l  ** 3) 9 9 

X B A R  ? b  2. (18 .a06 3 6 . 2  . a88 
SIGMA .06 . O D 0 3  4 . 7 6  . O D 2  
C . V  3 . 1  4 . U 5  43 .  I 6  2 . 3 8  
T-VALUE - 4 . 2 4 2 b 4  -37.1391 8.5902.12  t B . 0 4 2 4 8  
S i g n i f i c a n c e  
l e v e l  # +  * 9 9 ............................................................... 
X O A R  920 2 .04  .006 40.88 , 0 9 5  
S I G M A  . oa ,0006 3.09 .a02 
C . V  3 . 9 2 .  9 .52  7 . 5 5  2 .17  
T-V ALUE -4.75000 - 3 0 . 6 7 8 b  16 .60442  2 3 , 5 3 3 9 4  
S i g n i f i c a n c e  
l e v e l  ** 9 H * ............................................................... 
* Significant aZ 5% l e v e l  ** N a t  s i g n i f i c a n t  



Table 13 
PERFORMANCE OF G e o t r i r h u j  candidurn IN THE C.S.F.PRIMARY 

EFFLUENT 
==========================s=======================a============ 

TIME STARCH RD.SUGAR CELL NO BIOMASS 
IHR) IXwlv) ( X w / v )  I N X t O " 6  PROTEIN 

/ m l )  ( % w / v l  
1-1---------1__--_1-------1---1------------------------------------- 

X B A R  0 2 . 3 4  .025 5 4 . 3 5  . I 2 5  
S I G M A  .a4 .002 3.18 . 005 
C , V  q.74 7.38 5 . 8 6  3 .71  ............................................................... 
XBAR 24 2.23 .On9 81.9 . I 7  
S 1 GHA .Q3 . 0085  4 . 3 1  ,004 
C . V  1 . i b  5 .  I Z  5 ,34 - 2.3 
T-VALUE - 4 . 2 2 2 5 4  -21.9518 14.12586 19.87767 
Significance 
l e v e l  a* * * * ............................................................... 
X B A R  4 0  2 .  I 3  ,008 9 5 . 3 8  . I 72  
S 1 GMA . i34 .On03 1.75 .004 
C.V I . 0 ?  4.35 1.83 2 . 0 6  
T-VALUE * -10.5000 -23 .7756  31.97222 20.7h113 
Si g n i f i c a n c e  
l e v e l  * * + w ............................................................... 
X B A R  72  2 . 0 5  .0U8 I 0  I .17? 
S I G M A  .04 .QUO3 4 . 9 7  . U 0 5  
C . V  2 3 . 4 5  4 . 9 1  2 . 5 4  
T-VALUE - 14 .5000  - 2 3 . 7 7 5 4  2 2 . 3 4 2 4 9  21.60000 

, S i g n i f  icancc * 9 3c * 
l e v e l  .................................................................. 
~ B A R  ?& 1 , 9 4  .on7 97 . ~a 
SIGMA u04 ,0004 5 . 4 8  .005 
C . V  2 32 6 . 0 6  5 . 6 5  3 .19  
T-VALUE -20.0000 -24.7615 79.03970 17.20000 
S i g n i f i c a n c e  * 9 9 9 

l e v e l  ............................................................... 
X B A R  120 .DO7 101.25 . I 7 1  
S I G M A  ,0004 4 . 2 9  . D O 4  
C . V  5.1, 6 .21  2.63 
T-VALUE -165 .463  -24 .9615  16.82078 2 0 . 3 4 9 4 0  
Significance JF * * * 
l e v e l  ............................................................... 



TabIe 14 
PERI-ORMRNCE OF C a n d i d a  u t i l i s  I N  THE C . S . F .  P R I M A R Y  EFFLUENT 
==----==================~====~================================= 

T I M E  STARCH RD.SUGAR CELL NO B I O M A S S  
(HRI ( % w / v E  ( X w / v )  ( N X I O * 1  P R O T E I N  

/ m i )  tXw/vj ............................................................... 
X B A R  0 2.3 .032 13.96 .043'  
S I C H A  . Db ,009 1.03 ,01307 
C . V  1.93 3 . 7 2  7.36 1.54 . --------------------------------------------------------------- 
X B A R  24 2 . 2 5  ,009 3 3 . 2 9  .084  
SIGMA .04 .On04 1.95  . C 0 1  
C . V  1.92 4 . 6 1  5 . 8 7  1 .21  
T-VALUE -2.50OClCi -40~.4ll10 2 4 , 7 9 1 7 3  95 .00265  
Significance 
l e v e l  H.* 9 + 9 ............................................................... 
X 8 A R  48 2 . 2 5  , 0 0 8  5 9 . 9  . 103 
S l GMA .04 .0003 2 .97  .a02 
C . V  I .8?  3 . 6 3  4 . 9 5  1.72 
T-VALUE -2.50U00 -65.0194 4 1 . 3 3 5 0 0  80.08704 
Significance 
l e v e l  9 %  r 3 * ............................................................... 
X B A R  7 2  ' 2 .25  .008 6 4 . 5 8  . I C  
S I G M A  .02 .0003 q.98  -00 
C .V . 86  3 .55  3.06 1.5 
T-VALUE -3.46228 - 6 5 . 0 1 9 4  6 4 . 1 4 9 8 7  8 5 . 4 2 8 ;  
S i g n i f i c a n c e  ** a * * 
l e v e l  ............................................................... 
X B A R  96 2 .23  .23(30 5 3 . 2 4  . I 
S I G M A  .04 .0005 I .?I ,002 
C . V  1.89 5 . 9 2  3 .59  1.82 
T-VALUE -3 .50000  -60.7157 51.19790 7 6 . 0 8 4 5 9  
S i g n i f i c a n c e  *+ * JI 9 

l e v e l  
---------------------------*----------------------------------- 

XBAR -120 2.22 ,907 54.6 .-I01 
SIGMA -03 ,0003 3.05 .OD4 
C . V  1 .39  3 . 5 1  5 . 5 9  3.8 
f -VALUE -4 .52540  -67.7285 3 5 . 7 0 6 5 2  40 .37826  
Significance *+ * % 8 

l e v e l  
-----------------------------d--------------------------------- 



Table 15 
PERFORMANCE OF E n d o m y c a p s i s  f i b u l  i g e r  IN THE C . S . F .  P R I M A R Y  

EFFLUENT .............................................. --------,,------P,,----------------dd-------------------------- 

TIME STARCH RD.SUGAR CELL NO BIOMASS 
( H R )  l%w/v) ( % w / v ~  (NXIOA& PRgTEIN 

/ m l E  l%w/v) ............................................................... 
X B A R  0 2 . 3 8  .013 .55 .O29 
s I GHA * 05 .OO-I .04 . no? 
C . V  2 . 3  4 . 5 1  6 . 8 9  3 . 4 1  ............................................................... 
X B A R  24 1 . 2 4  .052 2.03 .04 
S I GHA . 04 -004 . I 5  .003 
C. V 3-18 b.78 7 . 5 5  7.03 
T-VALUE -50.3568 26.75370  24.96484 9 . 8 3 9 6 9 9  
S i g n i f  icancc 
l e v e l  + * + + ............................................................... 
X B A R  48 -95  .075 1 4 . 5  , 0 6 1  
S I G M A  .02 .004 1.23  .On3  
C . V  2 . 4 2  5 . 4 4  7 48 4.25 
T-VALUE -75.1073 42.53165  3 6 . b 9 8 1 9  28 .62147  
Significance 
l e v e l  + * * .# 
-------------------------------------------dM------------------ 

X B A R  72 .62 . Obi 60 .134 
S I GtlA . O ?  .DO3 3.37 .007 
C . V  2.19 5 . 2 5  5.61 5 . 4  
T-VALUE - 9 7 . 6 2 7 2  42.5'3259 49.89263 42.00000 
S i g n i f  i r a n c e  u * * #. 

l e v e l  --------------------------------------------------------------- 
X B A R  96 . 5  1 . a38 8 4 . 5 4  . 165 
SIGMA .O1 - .002  4 . 0 5  .008 
C . V  4.89 b .  09 4.79 4.47 
T-VALUE -103.729 31 .62278  5 8 . 6 5 3 6 3  4 7 . 7 1 1 9 6  
S i g n i f i c a n c e  .I) 3 0 * 
l e v e l  ............................................................... 
XBAR 12.0 .4S .032 408.62 . l a 2  
S I G M A  . O l  -002  7 . 7  .0 1 
C . V  2.75 7.4 7 . 5 9  5 . 5  
T-VALUE -107.U57 2 4 . 0 3 3 3 1  39 .67662  4 3 . 0 6 0 1 7  
S i g n i f i c a n c e  + * * * 
l e v e l  
--11-------11-------------------------------------------------- 



Table 16 
PERFORMANCE O F  E n d o m y c o p s i s  m a g n u s i  I N  THE C . S . F . P R I M A R Y  

EFFLUENT 
.................................................................... 

TIME STARCH RD.SUGAR CELL NO BIOMASS 
I H R )  ( % w / v )  (%w/vl I N X 1 U A 6  PROTEIN  

/ m l )  l%w/vS ............................................................... 
X B A R  0 2.74 .I306 . 4  023 
S I G M A  .o& .o004 .03 .oar 
C . V  2 . 2  7.32 8 . 5  1 5 . 2 6  
---------d-----------------h------------------------h---------- 

X B A R  2 4  2 . 9 7  .035 6 . 5 2  -031 
S I G M A  . 09  .0005 .59 .00 1 
C.V  4.5 7.53 9 . 0 7  4.219 
T-VALUE -20 .1346  128.1006 2 9 - 3 0 t M  I ~ . Q C I C I C ~ O  
S i ~ n i f i c a n c e  
l e v e l  * 9 9 * ............................................................... 
X B A R  4 8  V.69  .071 8 . 3  .C46  
S I G M A  . 04 . DU2 . 5 4  .001 
C . V  2 . 3 3  2 .28  6 .  $2 1.8 
T-VALVE -41.1844 90,23878 41.31913 46.00000 
Significance 
l e v e l  9 Y + + ............................................................... 
X E A R  72 1 . 4 8  .a57  44.25 . 1  I? 
S I G M A  - 0 4  ,003 3.13 .005 
C . V  2.47 5 . 4 8  7 . 0 8  4.59 
T-V ALUE -47.4213 47.66147 39.62327 53.25122 - 
S i g n i f i c a n c e  * 0 0 9 

l e v  e 1 
1d-1----1d-1--1------d------------h---------------------------- 

XBAR 96 ,915 . D33 80 . 1 5  
SIGMA .04 .003 4 . 4 3  .014 
C . V  4.19 7 . 6 5  5 . 5 4  5 , 4 
T-VALUE -69.8773 2 5 . 2 3 2 5 4  50.82114 25.39267 
S i g n i f i c a n c e  9 .#. * .~t 

l e v e l  ............................................................... 
X & A R  -t 20  . 9 2  . 0 2  1 89.94 , 158  
SIGMA "01 .QO1 5 . 8 4  .DO5 
C . V  t :li 5 . 5 5  6 . 4 9  ??.a8 
T-VALVE - 8 4 . 6 2 8 3  3 9 . 3 9 1 9 3  4 3 . 3 6 5 4 1  74.88453 
S i g n i f i c a n c e  9 w * + - 
l e v e l  --------------------------------------------------------------- 



Table 17 
PERFORMANCE OF C a n d i d a  u t i l s  IN THE C.S.F.SECONDARY EFFLUENT 

*-------------------------------------------------------------- ............................................................... 
TINE STARCH RD.SUGAR CELL NO BIOMASS 
(HR) ( % w / v )  (%w/v) ( N X 1 Q A 6  PROTEIN 

/ m l )  ( % w / v )  ............................................................... 
X B A R  0 . I 9  , 025  27.36 , 0 8 8  
SIGMA .008 .002 . 82  ; 002 
C . V  3.99 8 . 7 9  3.01 2.OZ ............................................................... 
X B A R  24 . -I& . a45  320.04 .206 
S I G M A  . 0 0 9  . C o d  2 0 . 9 2  -003 
C . V  4.78 7 .72  6 . 5 4  1.38 
T-VALUE - 2 . 3 4 8 8 8  - 1 2 . 6 4 T t  3 7 . 5 4 3 2 8  92.56482 
Significance 
l e v e l  ** * 3~ 9 _ _ _  ____________ ....................................... 
XBAR 48 .48 .Oil 3 4 1 . 2 5  .208  
S I G M A  .0 1' .0006 17.79 .004 
C . V  7 . 7 8  5 . 6 6  5.21  1 . 7 4  
T-VALUE - 2 . 2 0 8 4 3  -18.9640 49 .85235  7 5 . 8 9 4 6 6  
S i g n i f i c a n c e  
l e v e l  ** Y * * ............................................................... 
X B A R  72 .18 .008 375  -213 
SIGMA .QOb ,0004 1 9 . 1 1  .a04 
C .V 3.31 4.54 2 . 9 6  1.69 
T-VALUE -2.82843 - 2 3 . 5 7 4 8  8 8 . 2 6 3 4 6  7 9 . 0 5 6 9 4  
Significance +* * * + 
l e v e l  
---------__---_--------------------- .------- .--------------------  



Table 18 
PERFORMANCE OF Candida u t i l i s  IN THE C . S . F .  SECONDARY EFFLUENT 

{ N o n - e n r i c h e d )  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T I M E  STARCH PD.SUGAA CELL NO EIQMASS C O D  
(HR) liCu/v) ( % w / v )  ZNXIOAb PROTEIN 

/ m l )  I%w/v) I g J 1 )  

X B A R  
SIGMA 
C .  V 

X B A R  24 .18 "02 230 182 3 .16  
S IGMA - .a4 . O O A  8 .61  .no7 .2 
C .  V 5 . 9 9  2 -2.1 3.74 3 . 8 3  6.47 
T-VALUE - .319357  -20 .0000  6 4 . 0 7 9 3 5  3 2 . 9 7 7 3 8  - 4 5 . 2 5 0 3  
Significance 
l e v e l  ** * * * i 
---_-11d1---1------------------------------------------d-------d---dd--d 

XBAR 4 8  .18 .015 272 .88  . 187 2 . 8 5  
S I G M A  .001 .0003 .a04 . D O 4  . 'l 
G . V  " 6 2  1.76 2 .01  2 .01  3.6 
T-VALUE -.321391 -40.4371 289.9827 4 9 . 5 0 0 0 0  - 8 5 . 7 3 4 1  
Significance 
l e v e l  9* * * *. + ........................................................................ 
XB A R  72 .18 .ad2 255 - 1 9 1  2 .55  
SIGMA .002 .no07 13.11 ,002 . t 
C . V  .83 5 . 6  5 . 1 4  1.09 3.87 
T-VALUE -.321329 -41 .7085  40 .27982  6 5 . 1 4 2 9 2  -92 .6855  
Significance 3t+ * .R + * 

J e v e l  



Table 19 
PERFORMANCE OF E n d o a y c ~ p s i s  f i b u l  i q e r  IN THE C . S . F .  SECONDARY 

EF F LUEN'JT 
-__-11---------1111-------------------------------------------- 
-_1---11----d----1-------h---------------~--------------------- 

TIME. STARCH RD.SUGAR CELL N Q  BIORASS 
(HI?! I X w J v )  I%u/v3 I N X . l U " 6  PROTEIN 

/ r i l l  ( % w / v )  ............................................................... 
X B A A  0 .19 ,025 3 0 . 3 7  .096 
SIGMA .O I . U l l Z  5 . 3 6  .a03 
C . V  5.14 6 . & 4  43.98 2.69 
-_----------------------------*-------------------------------- 

X B A R  2 4  . 13  .0 15 345  .A77 
S 1 GMA . O O b  ,009 q5.22 . (305 
C . V  4 . 9 1  6 . 5 5  4 . 4 1  2 . 7 1  
T-VALVE - 1 4 , 5 5 2 1  -12.6497 53.74740 39 .29077  
S i g n i f i c a n c e  
l e v e l  * * * * ............................................................... 
X B A R  48 . 'I .011  375.72 . 7 B 2  
S I G M A  ,001 .OO d 1 0.84 . I305 
C . V  7 . 4  5 - 7 9  2 . 8 8  2 , S 5  
T-VALUE -25 .3295  -17.7088 7 8 . 9 0 4 1 3  4f .71613  
S i g n i f i c a n c e  
l e v e l  * s j) # ............................................................... 
XBAR 72 .107 .000 3 6 9 . 5 5  . I 9 3  
S I G M A  .no2 . o n 2  2 2 . 1 4  .no5 
C . V  1 . 6 4  6 . 4 4  5 . 9 9  2 . 7 6  
T-VALUE -23.0201 -47.0000 4 1 . 1 2 0 9 8  4 7 . 0 9 1 9 1  
S i g n i f i c a n c e  * * + # 

l e v e l  



Table 20 
PERFORMANCE O F  E n d a r n y c o ~ s i s  - f i b u l i g e r  . 11-4 THE C . 9 . F .  SECOWD49Y EFFLUENT 

I N o n - e n r i c h e d )  
---------------------------------h---dh--------------------------------- ----------------------------------------+------------------------------- 

T I M E  S f A P t H  RD.SU'JAR r . E t L  I40 61C!12:'?S? COD 
(Hi?) F % c / v )  C % W / V )  ( i4X?OAh P:?OTEIN 

/ m i )  I% ,~ / v )  ( g / l )  ------------------------------------------------------------------------ 
X R A R  0 . I? .a35 3 8 . 4 2  . i>9 b 4 . 5 4  
s I ;MA .02 cia.! 2.27 .OO.I . -I 
C.V 6 . 5 6  2.&q 6 . 2 2  1.39 4-50  ------------------------------------------------------------------------ 
X R  AR 24 . 14 .023 112.2  .14q  3 . 4 1  
S I GHA .OD4 -00-1 5.04 . a02 .03 
C . V  2.77 3.61  4.47 1.39 '8 
T-VALUE - 1 3 . 2 3 0 4  -24.0000 3 7 . 5 9 4 3 2  5b.92100 -84.79131 
Significance 
l e v e l  * * + 3 * ------------------------------------------------------------------------ 
XEAR 48 . -12 -077  335 . 176 2 . 8 5  
S I G M A  ,006 . O I J v l .  8.2-1 .003 . *I3 
C . V  5.07  7.2 2.45 1.85 4.48 
T-VALUE -16.9775 - 3 2 . 0 U O O  9 8 . 1 0 Z 4 9  7 1 . 5 5 4 * ! 8  -53.b349 
Si g n i f  i c a n c e  
l e v e l  9 4~ * 9 0 
--1-----_-1----3-_---k-------------------------------------------------- 

X G A R  72 . A2 .a1 270 - 9 7 5  Z . 5 4  
SIGMA .C1(35 .DO 1 *IU.05 .003 . .I4 
C . V  4 . 5 2  8 . 2 5  3.47 .f . 4 L  5 . 4 3  

'T -VALUE -.17.7080 -50.0000 60.8A255 7 0 . 6 5 9 7 5  -69.7591 
S i g n i f i c a n c e  .* * 1c * * 
l e v e l  



Table 21 
CO-ElrLTURlHG OF C,utilis and E,fibali!~r I H T H E  C.S.F.PRlPARY EFFL1'EHf -- - 
- - - - - - - - - - - . - - - - - - - - - - - - - - * - - - - - - -"*"- - - - -" - - - - - -" - - * -" - -L- -  **--" ---------- * -------- ---..----- dd4--w" ---..--- --------- --- -------- ---..- ---- - 

TIRE S T ~ R G H  RJ.SGGPIIE CELL 40 CELL ~ I I  B ? P , N A S S  coa eon 
(841 tZu;vl (Irlr) Ii%Xf3*b (NXIJ'b P Q I T I I H  

/ml! /a11 Flrlvl ( ~ l l l  t g / l l  
E.utilis E.fibuli- 

ge r 

XIbR 24 2.ab =lbb 76.66 4 8 . 1 ~  .203 9.46 7.35 
SIGRA 1 b 7.59 3.54 .COb . !4 . I7 
C.V 4.75 3.33 9.9 7.45 2.76 1.44 Z,5h 
T-Y ALUE -30.7257 45.47894 12.75231 6.5755b5 28.6329b -102.332 -41,0313 
Significanc~ 
level 4 t f * c c + 
--------*-------------------------------------------------------------- 

X l  AR 44 1.42 .54 219.4 127 .24b 12.2 11.03 
SIGHA ,Oh "031 9.44 4.45 .007 .b3 . I 5  
C.U 3.56 5.37 4.3 3.9 2.1  5,18 1.37 
T-VALUE -59.3048 47.95931 51.16721 46.83352 40.6954P -93 . Z f l l  -35.2977 
Signi f  icancr 
l e v t  1 I t 4 i t fi e 
~ ~ * L I * - - ~ - ~ ~ - ~ - - - - - - - - - - - - - - - - - I - - I - - - I L C - - I I - I - - . I I - - - - - - I C - - l t . . - - - - - - - - - -  

KBAR 72 1.76. ,204 206.5 5 ,271 10.24 7.01 
515% .I .I112 . 12.1 6.32 .0(13 .I .81 
c . ~  5.59 s.7~ b . 1 ~  5-16 ~ , I I  b . 8 ~  S , J  
T-V .LUE -38.6041 32,53545 37.73117 34.317Ub 79.76164 -72.7738 -33,404b 
S i g : ~ i f  icance 
Irrtl  + 4 4 + c i II ------------------------------------------------------------------------------ 
XBdR 76 1.bb ,255 284 132 2 8 5  7.42 5.47 
5IGHk .0b .013 14.72 6.26 .OOb -13 15 
C .Y 2.39 4.P5 3.11 4.74 2.03 3.77 2.72 
T-VALUE -74.5DOE1 42.62777 4b.65811 38,41234 64.71832 -1M.71P -53.3445 
Signi t i cance 
ltvtl * I 1 * i f 3 ----------------------------------------------------------------------- 
XBbR 120 . 1.33 . t b l  2H.M 111.75 ,295 4.71 5.t2 
5 I G I A  4 ,005. 13.71 1.51 .W7 ' .b3 .42 
C ,V 2.85 2,3  4.7 10.11 2.4 9.4 8,2? 
T-VKUE -85.0000 59.OW00 44.30021 23,50727 57.813113 -100.2C5 -50.&2i7 
S i g n i f  icante 
lewcl , * t C f * I * 



Table 22 
C C - C U L I U R I ~ ~ G Q T ~ . ~ ~ i ! j 5  andE,a*ur i  [ # T H E  C.S.F.PRIFARY EFFLUENT 

. . - - - - - - - - - - 

XBAR 72 3.16 ,0(18 95.5 .9 , I t3  4.W 3.U 
S!Gt!A .Of .MI03 2.9d .03 ,4lM .M .?I 
C.V .15 3,42 3.42 3.45 3,75 1.34 5.4 
T-VALYE -2.53275 -30.3204 35.21459 17.51b25 tQ.39M8 -141.998 -4O. 7856 
Sign i f  i tancc 
I e ~ c l  f f # i + t t 3 

. . . . - - - - - - - - - - - 

XBRR 96 2.63 .I45 133.74 4.b9 3 9.25 4.4 
SlGM .13 ,005 3.77 .I7 .M)5 .31 .73 
C.V 5.06 3.59 2 . 7  2-31 3.7 3.4 1-71 
T-VALUE -10.3471 4l.52221 52.80730 71.79271 2b.UbU -126,724 -2f.Il15b 
S ign i f  i cancr  
1 rvtl i t I I * I t 
--U--------------"--------------------------------------------- 

XBAR 120 l .bb .Ht 8 .  8-67 1 1 4 4 5  42.2 
Sf tflb .05 .I2 1.63 .17 .IlOb .7J .Bb 
C.V 2,7 2.31 5.42 1.97 5-26 5 1  7.03 
T-VKUE -40.2242 i03.3930 22.563b5 130.3539 1b.33333 -102,YbZ -16.0137 
Siyn i f  itanct 
level .I 1 4 e t I * 



Table 23 
CO-CULTURING OF C.utilis - a n d  E . f i b u l i g e r  I N  THE C.S.F.SECONDARY EFFLUENT 
===========¶=====t====I-=========s===========z==z==m========================= 

TIME STARCH RD-SUGAR CELL NO BIOMASS C O D  
f H R )  ( % w / v )  (%w/vl I N X 1 0 A 6  PROTEIN 

/ m l )  ( X W / V )  t g J l E  
__-------------------------------------------------------------------.---- 

XPAS 0 . i! .047 6 9 . 3 6  . I 5 4  A.64 
S I G H A  . U'l .DO3 6 . 5 2  .002 . -15 
C . V  5 3 4 +  7.01 9 . 4  I .03 2.20 
--.------------------------------------------------------.-----------,----- 

X R A R  24 . 1 4  .024 365 .26J 2 . 4 5  
S I G M A  . D O 8  . O O l  20.59 = DO6 .45 
C . V  5 . 4 9  4 . 5 4  5 - 6 4  1.75 5.99  
T-VALUE -'l3.2518 -20.5718 30 .7+ !700  48.74A28 -55,8667 
S i g n i f i c a n c e  
l e v e l  * * * 4~ * ------------------------------------------------------------------------ 
X C A R  48 . -12 . a l l  353 .272 3.22 
S I G M A  ,007 .00(34 -1 2 . -1 4 . Qa3 . *I2 
C . V  5.93  3.86 3.39 9 .  l b  3.67 
T-VALUE -18.5371 - 3 3 . 4 4 3 4  5 9 . 2 4 4 8 3  92.56632 -50.3568 
Significance 
l e v e l  * .1) w * * 
----------------_-------------------------------+----------------------- 

XEAR 7 2  ,I .OD8 360.03  .27 2.35 
SIGMA 0 .1  ,0004 20:17 .OP3 .09 
C .  V 9 . 8 8  5 . 4 5  5 .  & 1 .Q7 3.79 
T-VALUE -20 .0000  -36.4470 38.70448 90.99789  -69.3652 
S i g n i f i c a n c e  8 * + * * 
l e v e l  



Table 24 
CO-CULTURING OF C.utilis a n d  E.fibuligsr I N  THE C.S.F.5ECONDARY EFFLUENT .- 

( N o n - e n r i c h e d )  ------------------------------------------------------------------------ 11__---11-d-_----1-------1---h-----------------h------------- 

TIME STARCH RD.SUGAR CELL NO BIOHASS C O D  
( H R )  ( % w / v h  I X w / v l  (UX10"6  PROTEIN 

/ m l )  ( % w / v )  ( g i l l  
--__-1----___--1111--I--I---------------------~-----------dd-------------d-d 

X E AR 0 .2 .a23 7 0 . 6 8  . -I 48 6.44 
SIGMA . 007  4 .001 5 .  b 2  a 00.1 .28 
C. lr 3 . 5 9  5 . 4 9  7 . 9 5  .67 3 . 0 3  ------------------------------------------------------------------------ 
X B A R 2 4  .19 .a28 320 .24 3 - 5 0  
S I G M A  " 0 0 8  . OQ I *17.41 00-I - 3 5  
C . V  4.10 3,67 5.44 .71 9 . 7 6  
T-VALUE -2 .46076  I O . O O C l 0 0  3 8 . 5 4 5 7 8  1 2 4 . 0 0 0 0  --18.0477 
S i g n i f i c a n c e  
l e v e l  .R+ * * * + 
----------------------------.-------------------------------------------- 

X B A R  48 ,A5 .028 373 .2 18 3 .53 
S I G M A  . D O 9  -00-1 7.2.1 ,002 .32 
C . V  5 .72  3.67 4-92 1.12 8 . 9 5  
7.-VALUE - 1 2 . 4 0 3 5  l O . W O O Q 0  94.13734 38.54377 -.19.3570 
S i g n i f  I c a n c e  
l e v e l  * * e * + ' 

----1-----------11-__I--C----l-------l---------------------.-."----------- 

X B A R  72 . I 4  . a15  2 4 0 . 5  .237 2 . 7 4  
S I G M A  .On8 0 0 . I  6 . W  . O O P  .Ob 
C . V  5 .72  5 . 9 9  2 . 3 3  .43 2.33 
T-VALUE - 1 5 . 9 6 4 6  -16.0000 6 4 , 9 6 0 7 7  178.0UU0 - 36 .5460  
S i g n i f i c a n c e  * + * * w 
l e v e l  



Table 25 

e======c=:c======z=~=--==s==:e~-r=-~r:~es===x~~~:=======~~~::====~~c::~===~ 

TlflE STAACH RED.SUGhR COO !(la E.I CELL C,a CELL BIOMSS 
{HA 1 lZMlV1 (IWIUI (pllitrr) (gllitrtlCWWT COMT PROTEIN 

(tlWIOab (HXIUab (Zulu) 
I l l  1 1111 

- - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - I C C I I  

XBAR 00 ,01411 
Sl tflA .M04 
C m V m  2.85 
" - - . - - - - k - - - - - - - - - - - - - - - - - - - * - - - - * - - - -  

XBbR 0 1 2  ,037 31.42 11.25 2 1 3  ,087b 
S I GmA ,175 .001 ,72 .75 1.35 ,OOBC 
C.V. 9.2 3.11 2,29 6.7 hn78 9.59 
--d----*-*-----~-~---1---------~--1---11-1----11-.-111---- 

XB AR 4 f.d3 ,095 2.52 4.b 4b.25 . f 555 
S I M A  .07 .OD1 .M ' . I2 2.61 .OD29 
C.Y 4 . 0  3.09 2.07 7.23 5-64 1.14 
T-VALUE 1.350MO 4.OC(J000 113.2572 35.93535 5b. 12NJb0 i.51.662Z 
Significance 
level  +t ) f fi i i * 
XB AR 04 1.13 .Of7 
S IGt IA  .#S .MI 
c.u h.34 .I f 
T-VALUE 1.322939 40.COOOO 
Sianilicante 
level 4 1  * 



XBAR 16 .hb .D55 4.39 2.7 137.5 9 4  ,4247 
SIGMA .02 .U04 .a3 . I2 b.U 4.32 .Ufl39 
C .V 4 ,42  b . 8 3  .b 4 .  4-69 1.33 .9i! 
T-VALUE 23,44455 -12.J47CE 1Ub,[l7lB 3l .lJ?10 60.29593 131.152521 301.0885 
Significance 
level 4 e * # i I c 
----------"------3-----------d----------------------d--*------------* 

X I  bR ?ll .45 2 3.72 2.28 Z7U.U 822,bZ .4b1P 
SIGRA .02 .DO! ,015 . I 1  17.37 9.71 ,0084 
C . V  3.54 4 . 2  5 7  4.bb b.42 t . J I  1.82 
T-VMIK 23.60513 32.flU000 104.b483 33.4b992 41.W15 232.3145 155.5291 
S i p n i f  icance 
lrvcl i * .f t ' C  + t 
----1-----------C----*---------------------"--------*----- 

WSAA 24 .U ,015 2.86 1.22 241 11I17.S .53 
SIGMA .Of  .MOB .07 .04 1.63 40.31 .DO57 
C. Y 2.47 5.3b 2.49 3.54 3 3.64 1.04 
T-VALUE t3.48145 48,58987 111.6671 37.77182 W.CW97 76.52Ud0 2b2.9911 
Sipnif i c a n ~ r  
l e v e l  4 fi I + 5 I 4 

XB AU 28 = 4 .01 2.M 1.06 2 976.U ,51507 
SIGM 0 .uua# . !)I .03 10.21 15.w .0057 
C.V 4.54 8.1 1.14 3 3.55 t .64 1.05 
T-VALUE 24.40803 5P.63302 112. JW8 34.39H9 79.78325 163.2366 2Mm3(33b 
Siqnit icanre 
level + E i 1 t t i 
---r_-------------------------**--------------------*---------------- 

XBAR 32 .38 .a04 1.95 1.m 2M.75 828 ,521 
5IGPlA .02 .0[104 -02 ,UP b.88 12.18 .ill13 
E.V I 4 1.03- 1.18 2-58 1.5b 2.17 
T-VALUE 24.72919 7b.15773 114.7245 34.W7 109.hML 177.1552 130.4080 
Signif icantc 
l cr t i  I 4 1 ? * * I 

XBAR 36 .3b ,008 2 t.32 283.f: 749,ZS ,5134 
S I GRA .OlM .0004 . I  . I t  12.4 I .flO5d 
C .V 2.24 2 3.9b U,OP 4.52 1.38 1.12 
1-VALUE 24.86419 7b.15773 112.3334 37,[35194 b2.%127 198.8570 Z50.3bkb 
Significanrr 
lcvrl 4 I I t * 4 I 



10 AR a , 37  . D l 1  2.63 2.03 215.62 911.5 ,5107 
SIGflA ,002 ,0004 .2 . I t  1.51 7.65 .M197 
C.V 6.05 3 , 3 9  , a 4  5.37 3.66 .83 1.9 
T-VALUE 25,05015 68.27735 408,7718 34.M275 81.63552 327.1306 1M.7735 
S i g n i f  i canrp 
l e v e l  i + c I I f i 
----------*-----------------------4------*-------*-----------------------d----- 

XBAR 44 .34 ,009 2.55 1 2 3 6 . 8 7  1106 ,505 
SIGRA .at ,0005 .03 .IH t4.m 13.56 .(HZ1 
C .V 3 .31  5.54 1.21 3.b5 5.93 1.23 2.41 
T-VALUE 25,595[17 70.83502 113,3131 31.6Wr31 47,bIlbb 22b.0357 117,5784 
Siqnif i cance  
level  c + I 1 I * c 
--------"----------**------d----------------------------------------------- 

XBAR 40 .32 .W4 2.7 l .2b 254.37 ld27.5 .4W4 
5 I GfiA ,007 .ODD4 , I 4  .a6 7.44 10.41 ,0064 
C.V 2.83 9.45 1.3 5.Ob 3.71 .9b 1.3t 
T - i ; l A ~ ~ t  25.12577 Clb.bbZ25 112.M91 37.55467 7b.21473 272.1680 2lb.7282 
S i q n i t  irance 
l evc l  + f * f f 4 * 
----"-**---"------*------------*---------------------*-------------------------- 

!EAR 52 .3t .On8 2.9 2,25 2b5 1085.37 ,5274 
SIGMA .01 ,01105 .04 .07 7.a7 f7.bb ,0425 
C.V 3.51 b,bZ I .  3.t4 2.67 1.63 8.07 
T-V ALUE 25.97915 7 3 , 3 6 4 8 4  111.BMb 33.79425 tOb.(ltbO 170.663'E 35.IIWl2 
S i a n i f  ~ r a n c e  
l e v r l  f 1 t I I E t 
-----------------------------------**--------------*------------------------- 

XBM 56 , 31  .Oil7 2 ,F4  .P5 2b7,37 1022.75 ,4999 
SIGNA . O I  ,0007 .It . 13.29 5.14 ,0074 
C , V  3.16 6.58 4.PS 5.5 4.73 .55 1.9 
1-VALUE 25.97915 bC.87Pllb 113.7034 38.75770 57.32832 M5.58311 tU.BJ44 
S i u n i t i c a n r c  
level + I + f 1. I f 
------*""-----h-*--*--*-*------*---------------------*-*---------------*-*---- 

XBAR b[1 .3 .004 2.32 1.18 271.5 10l5.75 ,515 
S I GHA ,009 ,0003 .04 .I 1b.b 6.84 .Urn6 
C , V  3,OC h . 9 9  4 2  6 5.Pb .M , Lb 
T-VALUE Zb.lC%bO 8Pd4O1bI 114.13CEb 37.64322 42.CPWI 141.1363 100.5577 
S i g n i f  icancr 
l e v e l  + I I + * # f 



Tablc 26 
U 19 L:.f?l!s3.!. Cl4:4*.ES l!i iVE EFRICHED CASSAVA Sf AAEH FACTORY LASTES 
I = = = = = = : : z = = 1 = ' : ; : = = = = = = ' 3 = = = z = = = = = = - ~ = = I - = = = = E = = = = = = =  

DURiYS THE EilCUTY SF A q - s r q 1 1 1 u s  -. q i g e r  
------- "4- ---- ---------, --,,,,,---,,.----,-,,----,,,----,,,,,fz~====='=====~=L:===z======* 

I!!C!:@AT# STBfC:.l RED .Sf!GM Anno EHGOGLU. EXT4A BIOVASS 
T I 5  AS GLd. bS GLUCQS GLU.KT ACTiVI fY CELLULAR PROTEIN 
IHR) (TLIiW! I (Sp.acti- (ZMIW) IlYIINJ 

v i t y )  
-I--d---m-----_---------l"r--*-------"-*--------------------------- 

X0hR 0 56.85 .cob 0.M O.W ,742 1. b 
 SIGH^ 3 . ~ 3  . O I ~ O ~  .u7 . a5 
C . V .  5,32 3.94 P,S3 3.35 

XBM 24 53.5 . 13 5.4 1.35 .975 3.2 
S IG IA  2 , 9 2  ,003 .42 '09  .a4 -45 
C.V. 5 . h  2.04 7.42 1.14 3.7 1.63 
1-VALUE -2,52 124.17 7.14 71.55 
SIGMIFICdMCE 
LEVEL t i  * 1. * 
*----*-------*-I--_--"--*"I---I----I_C--C----__-.-------------- 

XBM 48 4t.15 ,252 24,M 2.8 2.211 b,  4 
S I G M A  1.99 .Q2 1.7 .02 ,M5 -14 
C.V.  4.75 8.C1 6.92 ,7 3 . 5  2.28 
1-VALVE -73.09 33.88 33.6f -19U.36 42.19 95.72 
SIGNIFICAHCE 
LEVEL 8 I f 4 r i 
----_------r--"------4----------------*-L-----C----- 

X i  bR 72 33.15 0 1.77 4.53 2.505 7 
SIGWA 2.72 ,001 .bt .03 ,184 . I7  
C.V. 5.f? 1.17 7 . .b7 7.11 2.48 
T-VALUE - 1 . 1  2b5.74 12.23 -127.33 21.32 9b.37 
STiNIFICAHCE 
LE :EL i fi t 4 c t 
-*r---------------*---------------------------------*-------- 

X&M 96 t4.55 ,063 1 ,  6.M 2.202 7.2 
SIGMA -37 .DO3 . I 7  .07 ,111 . I 5  
C.V. 2.57 5.35 9.22 1.14 5.31 2.06 
T-VALUE -43.82 31.92 -28.06 -64.07 33.65 112.[10 
SIGHIF ICAHCE 
LEVEL fi * I 4 4 t 
I--d------------r--l,-lf------II----CI--C--_I---l-----*---- 

18 bR t20 13.05 ,039 1.3 b 1.M4 7.7 
SI Gtlb .84 ,003 .08 .05 .10? 2 2  
C.V. 4,42 7.61 b.t9 .I3 3.9 2.41 
T-VALUE -&.!I5 3 4 1  -34.02 -72.18 26.90 45.50 
SfGMIf ICANCE 
LEVEL 1 ? i I * 4 



Table 27 
BIO CHEVl CAL CHANGES In  TNE HO%-mRlCH€~ tMVA STMEN 
,=~s1-'3"-=--'-'"""-------= ,---,,,, ,-,,,,,,,,, ',,,,, -w-ll===m . .- - 
f ACTORY WASTES DVAIHG THE GlQYTH Of A ~ p t r p i l l u r  n x  
mr=-=======1==============-A======-1=---IL;I=--r- 

IHCIJBATW STARCH RED.SUM& MYLO ENDORU- Elnh IIOMS3 
Tf H€ AS GLU AS GLU QKDSI- ACTIVITY CEUZllAa PROTEIN 

COSE . COSE VASE Atff- lSp.acti- PROTEIN 
Ihrl (Xrfrl SIwlul vITY(I,CY) wity) (Zrlr) ~Zrlul  

XEM 24 5b .[K9 6.51 11.84 .749 2.4 
SICM 2.49 ,003 .I4 .Ill . O I  .M 
C.V 4.44 4.45 5.22 -59 l.bf 2.bl 
T-VALE -2.34 33.35 M.Ob W m 4 3  
Siynif  icantc 
vrlul H w 4 E 

IIM 48 54.45 ,093 t 6 . U  11.67 1.234 3.2 
51GM 3.17 ,007 an .I2 ,036 ,I1 
t .V 2 7.03 4.LPh ,72 2.- 3.5T 
1-VKVE -3.27 39.20 37.31 tW.# W.42 53.99 
Signi f  irance 
value it fi I * e 

I 
........................... ------ --- 
X&AU 72 33.3 ,148 9.4 10.a 1.627 3.7 
SIGM 2.31 ,005 . 92 .W ,078 .If 
C,V 6.n t.i4 9.11 .87 4.79 Z,17 
T-VALVE 5 114.54 9.32 4 48.38 b5.M 
Signif  i c a n c ~  
value I I E z I 3 

X!M 120 25 .3P3 I .1P 17 1 . 4  3.7 
SIGM 1.2 .03 .71 .I5 ,074 .I9 
C.V 1.8 7.92 4.63 L.Ob 5.54 3.03 
T-V ALME -43.M M.77 b.74 45.72 44.26 41.2b 
Signi f  i tantr 
valut .f f a i . #  f 



Table 28 
Ai(ltifTHERA1 TOM Of CkS$AVA STARCH f MTORY EfFLLIENTS I C , S . f  .El I N  MTCH DIGESTERS 

L-==z=='31t==LT==%-":IE:41 =~====:z==::=2==m=:======a~==t====;=:s:=.=;===r=~ a-==~-sa-- - 

F EFP I HG COHDI 1 I OMS SPAN OF GbS kKRhGE lMlTIU FINK TUTAL IIIITIK FINAL Con 
GAS PRUWCED ffETHMdE TOTAL TOTAL SOLIDS COD COO REM 
PRbDUCfWtl /kgdrf lONT~T SNIPS SOLTIIG REON ((1J11 tglll lgll) 
(DAYS1 ratter) ,Z X Z 2 

X i  bR C.5.F .E+5Z 10 20 M 1 ,  7.22 f2.17 b3,fZ M.96 1.39 
SIGNA COYIIUWC+UREA .ah ,W ,03 2.94 2.9 
C.V. 3,62 .bl a 42 4.52 4.8. 
----------------------------------* ------- 
XBAR C .S.F.E+J% 6 7.Y 8 8 .  7.64 7.06 &.A 61.12 S*M 
SIGHb COWOUN6 YITHWIT UREA .03 . M -07 2.b 2.4t 
C.V. 5.57 .61 .92 4 3,95 

WBAR C.S.F .E+~M m a 58 e,n 5 .  aa.n 61 57.92 9.5 
SIGHA COUDUWG+UREA .09 .05 .02 Z,2 1.49 
C.V. 3.bb .61 -3 3.43 2.54 

XBAR C.S.F.E+ZM, 
SIGMA COIIDIRIG+URU 
C.V. 
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