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PREFACE

Cassava (lManihot esculenta, Crantz) is a major source

of starch in m parts of the world. The processing industry
is facing serir“% and constanﬁ pollution problems, so the
treatment of efiiuents from the cassava starch industry is
important. Conventional biological methods are found to be
efficient in the treatment qf organic effluents in which
different microorganisms are involved in the oxidisation
process of the organic matter. Introduction of specific
microorganisms in the treatment is economically viable to
reduce the pollution hazard with the concomitant production of
valuable products like single-cell proteins. Anaerobic digestion
is proved to be effective in the treatment of many other efflu-

ents containing heavy load of organic matter,

The thesis deals with the studies carried out for the
development of microbiological methods to treat cassava

starch factory effluents, in six chapters.

The origin of cassava starch factory effluents during
the extraction of starch from the tubers, and the review on
the aerobic as well as anaerotic treatment of similar effluents
gre presented in the Chapters 1 and 2, Characteristics of the
effluents collected from different starch factories were analysed
and the rate of degradation of organic matter by natural con-

tamination under ambient conditions were assessed. The effluents-
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were treated with yeasts and yeast-like organisms and the

80lid wastes with Aspergillus niger. Anaerobic treatment of

. cassava starch factory effluent for the generation of methane
gas was studied, subsequently the reduction of pollution load
was assessed. The methods employed and the results obtained
are presented in Chapters 3 and 4. The discussions of the
results are incorporated in Chapter 5 of the thesis. In the

6th Chapter the significant obszervations are summerised,

Two publications entitled "Physico-chemical and
microbiclogical characteristics of cassava starch factory
effluents" (J. hoot Crops, 9 (1 & 2): 27-31, (7983)) and

"Amyloglucosidase and cellulase activity of Aspergillus niger

in cassava starch factory wastes", (Proceedings of the National
Seminar on "Utilization of tropical tuber croos" held in
Central Tuber Crops Research Institute (ICai) Trivzndrum, 198%)

were zlso made from the study.
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CHAPTER 1

INTRODUCTION



1. INTRODUCTION

Cassava (Manihot esculenta, Crantz), popularly known

in India as Tapioca is one of the major tuber crops, grown

in more than 80 countries of the humid tropics. It is one

of the most efficient photosynthetic plants known which
accunulates starch in adventitious roots. The cassava tubers
have an average composition of 60-65% moisture, 30-35% carbo-
hydrates (predominantly starch) 0.2-0.6% ether extractives,
1-2% crude protein and comparatively low content of vitamins

and minerals (Omole, 1977).

The cassava starch industry is one of the major agro-
based industries usually located in the cassava growing tracts
of the tropical countries. Starch is mainly used in the food,
textile, paper and pharmaceutical industries. The process of
starch extraction requires large quantities of water in the
beginning and the water is separated and discharged during the
final stages., These discharges (effluents) contain high amount
of carbonaceous matter in soluble and insoluble forms, Most of
the starch factories are usually situsted on the banks of rivers
or lekes and it has become customary to discharge the effluents
from the factory té rivers or lakes, These effluents pose a
Ssericus threat to the environment end guality cf life in the
rurzl ereas where the factories are located. Effective treat-
ment of effluents from the industry will result in better en-

vironmental conditions. In order to develop efiicient and



effective low-cost technology, the physico-chemical end micro-
biological characteristics of the effluents which are subjected
to varying environmental influences have to be studied in detail.

The ubiquity of microorganisms and their exploitation by
men is well established in the biological process of waste water
trestments. Based upon the conditions required for the growth
and thereby degradation of waste materials, the microbiological

treatments are classified as aerobic and anaerobic.

Various types of microorganisms proliferate in the organic
effluents depending upon the available substrates and conditions,
Cassava starch factory effluents being rich in starch can promote
the growth Zf microorganisms which liberate amylolytic enzymes
for the hydrolysis of starch to glucose. The sugérs thus formed
in the starch factory effluents could be utilized for the pro-
duction of microbial biomass rich in protéin. From time immemo-
rial, the ability of yeasts to utilize sugars for the production
of protein. rich biomass has been exploited in food and feed

industry.

Co-culturing of yeasts for effluent treatment and single-
cell protein (SCP) production has been attempted elsewhere
(Lemr=1 et al., 1979). Solid state fermentation has been
reported 1o be a relatively low=cost appropriate technology
for the upgradation of substraces rich in starch to protein

rich animal feed (Senez et al.,1983).



The co-ordinated metabolisms of different bacterlial
groups efficiently decompose the hydrolysable carbohydrates
into methane and ﬁnrh-n-:*linxid- under anacrobic conditiona
(Bryant, 1967). The anaeroblc fermentation of carbohydrates
is of particular importance in the effluent treatment system

iecause of ite potentiality in the waste stabllization.
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REVIEW OF LITERATURE



2. REVIEW OF LITERATURE

2.1, Organic Effluents from Cassava Storch Fzctory

Starch procduction from cassava tubers is an increasingly
important ugro-industry in trepical countries. Cassava starch
is one of the mzjor raw materials in Ifood and pharmzceutical

industries.

The casseve tubers contain about 20-30% sterch which
is distributed in the cellulosic matrix (Mangalakunzri, 198%),
Extraction of s=tarch from tubers is generally followed by
wet procezs und it reguires voluminocus amount of water. DBasi-
cally the exiraction of starch consists of washing of tubers,
mechanical peeling, rasping, grinding, sieving, regrinding,
sieving and dewatering (Fizg.1). During off-seasons dried chipe
of cassava tubers are also procecsed for ¢t rch ex*rsction. 211
these procedures aid the sevaration of starch granules vhich
come out in the aqueous medium from the natural loci. This is
further separated and collected for processing. Th- recovery
of starch even in the modern starceh facrories is not complete
and some amount of it slong with Iibrous wsetes ac-unulsate on

the sieves, This is washed out s primazry effluent,

The si.rch prezent in the water (sisrch milk) is sens-
rated by settiling end centrifugation. wzste water coming out
of the settling tank and centrifuge is called as seconduory

effluent which mainly contzins soluble organics and unseparated
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starch granules. The extracted starch is further dried and
bagged for various end uses,

Essentially the extraection methods are the same in large-=
scale aond small=-scele starch fectories. In the former, extrac-—
tion of stoarch is done efficlently with modern equipments. Waste
water produced at the time of washing the tubers contain nepgli-
gible amount of organies. Effluents produced from the remsining
sieps altogether comprise, unrecovered starch, cellulose fibres,
goluble carbohydrates, nitrogenous compounds, ete. and these
ar dlﬂcharged into the nearby lak s or streamr or fields, thus

cousing deleterious effects on the environment.

2.i1. %] of Or Matte

The biclogical material on earth is continuocusly subjec=
ted to decomposition by microorgenisms. King (1981) has defined
biodegradation as the ability of compounds to undergo change,

usually simplification of aEructure by the actiocn of micro-=

organisms,

Biodegradation will depend upon the presence of milcro-
organisms ﬁnssEsaing Eenetically determined biochemical ability
to initiate and to proceed ettack on the molecular structure of
the material undergoing decay (Pike and Ridgwey, 1905). The
rate of biodegradation will be determined by the number of
gctive microorganisms, the diluiion rate and other conditions

in the system and concentration of the substrates which may be



toxic to microorganisms at higher concentrations.

Biodegradation is measzured either by estimating the pri-
mary compounds or by the ultimate dissolved organic comnounds.
Uptake of oxygen, production of carbon dioxide and rate of growth
of microorganisms are also taken into zccount in certzin cases

(Anon, 1981).

Normally the pollution load is assessed by estimating
the bicchemical oxygen demand (BOD) and chemiczl oxygen demand

(CoD).

Orgzanic matter decomposition serves two functions for the
microflora, providing energy for growth and supplying carbon for
the formation of new cell material. Carbon dioxide, methane,
organic acids and alcohols produced are merely waste products

as far as microbial development is concerned.

Under aerobic conditions, usually 405 of the substrate
carbon is assimilated and the remainder is relea.ed as carbon

dioxide or accumulated as waste products.

During the'decomposition process by fungi, 30-40% of the
substrate carbon metabolized is uscd to form new mycelium.
Population. of aerobic bacteria, assimilate 5 to 10 of the sub-
strate carbcn while anaerobic bacteria incorporate only about

2 to 5% of the substrate carbon into new cells (“aksman, 1929).

The rapidity with which a given substrate 1is oxidized



uili depend upon its chemical composition and the physical and
chemical conditions in the surrounding environment. Temperature,
oxygern supply, moisture, pli, available minerals and C:N ratio

of the substance are the chief environmental influences (Anon,
1967). The maximum rate of decomposition of carbonaceous
materials talies place at 30-40°C. Above AOOC, the rate of de-
composition declines exceft in those special circumstences

”

where thermophilic decomposition is initiated (Anon, 1967).

Acharya (1935) demonstrated that the decomposition of rice
straw is most rapid serobically, slower in water logged condi-
tioné and least pronounced under complete anzerobiosis. The
decay of the plant constituent is affected in th: same way
i.e, the process is depressed as the supnly of oxygen diminishes,
Microorganisms grow readily in ligquid culture media provided
oxygen supply 1is ample; on the other hand, high moisture levels
reduce microbial activities not as a result of the water itself
but rather indirectly, by hindering the movement of air and thus
reducing the oxygen supply. The pH not only influences growth
rates and enzymatic potentialities of microorganisms but cl:«
gover)is the type of microorganisns associated with decompcs’ tion.
Decomposition typically proceeds more readily in neutral than

in zcidic range.

A number of investigators have reported that the rate of
deccmposition of plant materiaic depends upon the nitrogen

content of the tissue, P"rotein-rich substrates &are metabolized



most readily (Miller et gl., 1936). Cellulose and hemicellu-
ﬁase decompose slowly when compared to water soluble substances.
Lignins are highly resistant to microbial decay and hence rela-

tively slow in decomposition.

The main products of aerobic carbon minerslization are
carbon dioxide,water and cells. In the absence of oxygen,
organic carbon is incompletely metabolized to intermediary
substances. Accumulation of abundant quantities of methane,
carbon dioxide and smaller amounts of hydrogen is also reportec.
At the same time, the energy obtained during anaerobic fermen-
tation is low,resulting in the formation of fewer microbial
cells per unit of organic carbon degraded. In cases where
sufficient carbohydrates are available most of the oxygen is
utilized on the surface layers before it could penetrate deeply
into the liguid layer, and thus the transformation of the lower

depth is almost entirely anaerobic.

The establishment of microbial growth in the cassava
starch factory effluents is quite possible since the effluents

contain large amount of carbohydrates (Manilal et 21., 1983).

~

2.,1ii. Single-cell Proteins from Orgenic Materisls and Wastes

A new generic term "single-cell protein" (SCP) was coined
during the First International Conference cn Microbial Proteins
convened in 1967 at the Massaclusett Institute of Technology

(MIT), Cambridge, Mascachusetts, USA to denote crude or refined
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.sources of protein whose origin is unicellular or multicellular
organisms, i.e. bacteria, yeasts, molds and algae" (Mateles and

Tennenbaum, 1968).

Th2 use of microorganisms for the conversion of carbo-
hydrates, lignocellulose and other industriel wastes into food
and feed,rich in pretein is advantageous due to the following

char:cteristics of microorganisms.

(a) Microorganisms have a very fast growth rate

(Thaysen, 1956).

(b) They can be easily modified genetically for
growth on a particular substrate and under

particular cultural conditions.

(c) Their protein content is quite high, varving

from 35 to 60%.
(d) They can be grown in slurry or on solids.

(e) Their nutritional values are as good as
those of other conventional foods rich in

protein {(rox, 1982).

Several types of microorganisms such as algae, bacteriz
& ? ]
yeasts and filamentous fungi were studied as potential sources

T

of SCP on various substrates like hydrocarbons (n-slkancs, gas
0il, crude oil having high wex content, natural geses, peirc-

chermicals,etc.) and sgro-industrizl wastes (molasses, begasce,
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eereal straw, deiry wastes, sulfite waste liquor, fruit
processing wastes, cereal grain wastes, potato processing

wastes, wood hydrolysates, feed lot run-off, etc.).

ggae

Micro-algae were first suggested by Spoehr and Milner
(1949) as a protein source and immediately after that Chlorella
species was introduced into pilot plant scale proiuction (Little,
1953). Tannenbaum and Steven (1971) suggested that SCP derived

from algae and other microorganisms would fulfil a major food

need for mankind. Mutants of Chlorella vulgaris were studied

for its higher growth rate, quality proteins and biomass produc-
tion (Passera et al., 1973; Garrett et al., 1976; Allen et al.,
1977). It consisted of about 42% true protein, 23% carbohydrates,
16% lipids and 9% nucléic acids. Dor and Inka (1975) have sugges-

ted the production of Scenedesmus obligquus in dialysis tubes

suspended in raw sewage. The culturing of Scenedesmus acutus

and Scenedesmus guadricaula was proved useful for SCP production

(Venkataraman et gl., 1977, 1979). The growth of Spirulina

maxim: in effluents from secondary waste water treatment plants

was studied by Ayala et al. (1984).
Bacteria

The potentiality of heterotrophic bacteria have been
studied as SCF sources (Hamer, 1973). Bacterial utilization

of methene for SCP production was proposed by Wolnak et al,
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(1967) and Hardwood (1972). Methane was used as a carbon

source for the growth of Methylomonas flagellata and Methylo-

coccus capsulatus (Wilkinson et al., 1974; Morinaga et al., 1976).

Bacterial cells were also grown on sugars and many fractions of
plent and animal biomass. Continuous cultivaticn of Bacillus

megaterium on collagenous by-product was reported by Bough et al.

(1972). The growth of Pseudomonas fluorescens and Cellulomonas

species on different substrates were studied by many workers for
single-cell protein production (Dunlap, 1969; Cellihon and
Dunlap, 1971; Abbott et al., 1973; Daly et al., 1974; Irwin,

1974; Callihan and Irwin, 1974; Iglesias et al., 1979; Lee et al.,

1979; Shuler et al., 1979).

Mixed culturing of Azotobacter chroococcum and Azotobacter

agile with Candida and Torula yeasts could achieve efficient

utilization of sucrose and better yields of SCP (Panosyan and

Avakyan, 1974).

Filamentous fungi

Certain higher fungi have been consumed by humans for
centuries. Commercial development of fungel SCF other than
mushrooms has not been very common. The cellulolytic and
lignolytic activity make some fungi desirable for cultivation
on lignocellulosic wastes for economical production of SCF

(Tuse, 1984),

With the exception of Cladosporium resineae, filamentous




13

fungi have not been seriously cultured as potential source
of SCP on hydrocarbon substrates because of their slow growth
rates and morphology (“alker and Cooney, 1973). 3pecies of

Penicillium, Scopulariopsis, Aégerg;llus, Trichoderma, Cladosporium,

and Fusarium were grown on the ground nine (Pinus radiata) ovark/

extract of the pine bark and the necessity of addition of nitrogen
for economic production of 3CP was demonstrated by Uodegraff et al.

(1975). Han et al. (1976) grew Aureobasidium pullulans on acid

hydrolysate of rye grass (Lolium multiforum) straw and claimed

the acliievement of fungal protein,superior to Candida utilis.

Compared to Aspergillus niger, Pestalotia species and Penicillium

chrysogenum were found effective in converting alkali-treated

rice straw to fungal protein (sitaram et al., 1978). The work
of Daugulis and Bone (1978) has suoported the production of

Phanaerochaete chrysosporium protein from inexpensive substrates

like pine, maple, cedar tree barks,etc. Fermentation of rye

grass hydrolysate with Aureobasidium pullulans, waste paper

hydrolysate with Scytalidium acidophilum was motivated to

produce fungal protein (Beily et al., 1979; Ivarson and

Morita, 1982), Chaetomium cellulolyticum was tried on carhohydrates

and found effective in the production of SCP (Pamment et al.,1973;
Moo-Young and Chahal, 1979; Hecht et al., 1985). Melering et al.

(1979)have reported that Aspergillus fumigatus could be utilized

to form fungal protein., Single-cell proteins from rotten

vegetables and fruits with Aspergillus flavipus, from brewery

spent llquor with Aspergillus niger, from orange waste liquor
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with Sporotricnum pulverulentun, etc, were also reported
(Hang et al., 1975; Karapinar and ilelzhat, 1782; Ali et 21.,
1984).

Yeasts

cronanly the most =2xperience in nmicrobial food manufz>c-
ture has becn with yeasts (Reed and Peupler, 1973). [Raoid zrowth
rates, ability to assimilate a variety of substrutes, high protein
content, «rnd with the exceptioh of the sulfur containing aminoacids,
good aminoacid profiles have made certain yeasts prime candidates

for SCP production. Saccharomyces cerevisiae has been studied

extensively for SCP production. Recently Candida utilis has

been also studied widely as a source of SCP, because of its
ability to grow on nentoses as well as hexoses which 2nabled

the production of SCP from waste lignocellulosic hydrolysate
(Rose, 1977). Baker's yeast can in fact be regarded a: a s-rcia-
lized form of single=-cell protein., The commercial nrodiction

of Baker's yeast has been extensively reviewad (ilooserheide,

1:69; Burrows, 1970; Harrisoa, 1971; Reed and lepnlzr, 1773;

Rosen, 19773 Burrows, 1979).

Uzilization of gas oil for the production of SCP
with an yeast isolate was studied by Vadalkar et al. (1769 aad

1971) ani with Trichosporon species was studied vy Singh ot al,

(1970) an. Barua et al. (1970). ‘The fermentation efiicisucy oi

Saccharomycopsis lipolytica, Can'ida livolvtica, Cunninzham217g4

elegans, Candida guilliermondii etc, was determined In n-alkane
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media for the production and evalu:tion of SCP (Bassel et al.,
1973; Gerasimova et al., 1975; Shishkanova and Finogenova, 1972).

Many workers have investigated the growth of Candida lipolvytica

and Candida guilliermondii on different hydrocarbons (Goma et al.,
1974y Kazantsev et al., 1975; Gradova and Koval'skii, 1978).
The yeast biomass grown on hydrocarbon was further evaluated

for animal :nd human consumption.

llany workers have used organic substirates like ethancol,
by-product of fermentation industry (slop), peat hydrolysate,
enzymatic hydrolysate of agricultural waste, molasses with
nitrogenous waste, chemical hydrolysate of pith, cattle manure
ligquor with straw hydrolysate, =nzymstic hydrolysate of cassava,
vinasse, malt e;tract, date palm juicé, molasses{ corn stover
hydrolysate, rape seed oil meal, lemonade processing waste,

potato processing waste and vineapple cannewy waste for the

cultivation of Candida utilis (Oleinikova, et al., 1975;

Kvasnykov et al., 1976; Foda et al., 1976; Shishkova et al.,
1976; Ramos et al., 1979; Kamel and Basil, 1979; Lemmel et al.,
1979; Hang, 1980; Moo—Young‘gg al., 1980; ¥Xonstantinova =3 al.,
1980; Gonzalez and Moo-Young, 1981; Garg et al., 1983; Rale and
Vinay, 1984) Dairy wastes were found as a good substrate for

the production of SCP with various organisms like Sacchzromyces

fragilis, Saccharomycopsis and lthodotorula, HKluyveromyces

fragilis, Candida curvata, Trichosporen cutaneum Candida pseudo-
Y

tropicalis (Barnes, 1976; Giec et al., 1978; Moon et al.,

1978; Desanches et al., 1980; Barraquio et al., 1980).

Green et al. (1976) have successfully grown Geotrichum
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candidum on stick” water wshich is a oy=product of Cizh
processing and oll industry. Optimization of the conditions
for the growth of Trichosporon cutaneum on xXylose, xylan

and hemicelluloses, Candida tropicalis, dhodotoruls marcina

and Saccharomyces cerevisjiae on enzymatic hydroli sate of
ggricultural waste, Candida rugosa on malze gur, Candida
tropicalls on hydrolysate of blue green algae, Candida

ingenes on supernatant of annerobic fermentation waste,

Pichia kudriauzevii on hydrolysate of shell fish chitin,
Hansenula sydoviorum on hydrolysate of Parthenium, Torulopsis
candida on crude palm oil were carried out and recommended as
potential source of SCP (Sheholokova et al., 1975; Henry et al.,
1976; Beily et al., 1978; Chaudry et al., 1978; Volfova and
Kyslikova, 1979; Henry and Thomson, 1979; Araujo et al., 1980;
Jeong-Sankoh et al., 198%; Rale and Vakil, 1984),

Mutritional and safety evaluation of 5CP was the subject
of detalled study for many years and numerous publications and
review articles are avallable {Mateles and Tannenbaum, 1968:
Yudkin, 1973; Calloway, 1974; Tannenbaum and YWang 1975%; Carattini
et al., 1@??: Rose, 1979; ilehm and Reed, 1983), Several proce=sses
have been described for treatment of effluents with concomitant
production of saleable product. Development of new processes
of that type may be generated to alleviate the present constraints
of 5CP production.
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Ireatment of organic effluents and production of single-cell

proteins

The use of submerged fermentation technology for uti-
lization ¢f simrle sugars an polysaccharides has been well
docurented. As a result of the treatment of effluents with
micrcorganisms, the product is clean water and SCP is the by-
product. The efficiency of the fermentation is thus propor-

tional to the reduction of BOD/ and COD of the waste stream.

Single-cell protein from molasses

Molasses is the by-product of cane and beet-sugar produc-
tion. It is the traditional carbon source for the -production

of the yeasti Candida utilis and Saccharomyces cerevisiae.

Molasses requires little or no pretreatment Gefore it is used
for SCP production. Fermentation is controlled between a range
of pH 3.5 and 4.5 and temperature 25-35°C depending on the strain

of yeasts.

Single-cell proiein from whey

Whey ic the residual liquid after fat and casein have
been removed srom milk, Many microorganisms were used for SCF
from whey experinentally and a list of names was already pre-
serted by iieyrath and Bayer (1979). Yeast biomess is the
mejor commercial product obtained from whey., In the

Vienna process the sweet whey as such is fermented
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with Candida intermedia, a fast growing acid tolerant yeast

for SCP production. Bel Fromageries process and ¥Xiel process
are the other two vrocesses commonly applied for the production

of yeasts from whey (Meyrath and Bayer, 1979).

Single-cell protein from svent sulfite liaquor

The spent sulfite ligquor is the waste produced from wood
pulp mills. This serious pollutant has a BOUD of 25,000-50,000
mg/l. It has been reported that about 90% of BOD could be

removed by fermentation (Forage and Righelato, 1979).

The fermentation of the sulfite waste liquor was started

in Sweden with S. cerevisiae. Two types of processes are common

in commercial operation. Majority of the processes for example,

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

for SCP production (Kretzschmar, 1962; Peppler, 1970). Robinson
(1952) reported that these processes were establish:d in Cermany
during World War II, The calts of nitrogen, potassium 2nd phos-
phorus must be added into the culture to compensate the deficiency
in sulfite waste liquor. An ammonia basedpulp mill sulfite linuor
18 used to produce about 5000 tons of dried C, utilis annually

to be used as food (Peppler, 1978). In the Pekilo process,

Paceilomyces varioti has been successfully used to reduce the

BOD of paper factory effluents and also for the production of
SCP (Forss and Passinen, 1976). The spent liquor contained
32 g/1 reducing substances, and the yleld of biomass was 55%

based on the reducing substances consumed, The mycelial
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.concentration in the fermentors reached 17 g/l1. This process
could remove B83% of its BOD load. Cell mass obtained in prac-
tice had a crude protein content of 52-57% and its composition
was comparable to the feed yeast produced from spent sulfite

liquor.

Single~-cell protein from votato processing waste

The basic Symba process was developed by Jarl (1959)
to cultivate yeasts on starch. Nixed culturing of Candide

utilis and Endomycopsis fibuliger on stzrch could result in

a product rich in Candida utilis. The growth of E. fivuliger
enhanced the production of glucoamylases and converted the
starch to monomers which was consumed by the fast growing

Candida utilis.

Application of Symba process for the treatment of effiu-
ents from the processing factories of potato, corn and rice was
suggested to reduce pollution load (Jarl, 1969). The Symba
process was in operation for some\xfars after 1973 to produce
SCP from potato processing wastes. The BOD vaiue of the waste
water was lowered from 10,000-20,000 mg/l to 1,000-2,000 mg/i
by fermentation. It was reported tha+* the process vielded
250 kg dry yeast h™ by treating 20 m> effluents ho]
(Skogman, 1576).

)
Single-cell protein from food processzing effluents

A process for growing C. utilis in. confectionary effiuent
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was commercialised. The effluent consisted of 3-4% solids
mainly glucose and sucrose, and had a COD of 30,000-40,000
mwg/l. The pilot plant studies had demonstrated that the
process could remove 75% of the COD and produce 1.5 tons of

dry veast product daily (Forage, 1978).

Submerged fermentoatlon of cassave starch factory effluents

Cassava starch extraction indiscriminately discharges
large amounts of effluents consisting of starch, cellulc::,
hemicellulose and reducing sugars. The conversion of carbohy-
drates into microbial biomass will result in the reduction of
pollution hazard and accumulation of valuable SCP. Multiplica-
tion of torula yeast in the tapioca starch waste water was
studied in Thailand (Thanh and Wu, 1975). About 99% of the
volatile acids were removed after 24 hrs of aeration. The total
COD removed was about 66% for nitrogen deficient waste and 75%
in the nitrogen added waste. Microbial treatment of starch
factory effluents was reported by\Bhlagopal et 21.(1977). A
strain of Candida yeast was cultured in the suvernatant effluent
after separation of solids and the reduction of BOD and COD

was assessed,

As discussed elsewhere, starch constituted more than half
)
of the waste meaterials. The above two studies neither described
the utilization nor removal of the easily degradable starch

from the effluent.
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2.1v, REole of Ss6lid Stat~ Fermentation in the Production

Solicd slcte fermcntation (SSF) is a process whereby an

incoluble subntrzte is fermented with sufficient moisture but

i
[

without free water. In 2liquid state fermentation (LSF), the
substrute is solubilized or suspended as fine particles in a
large volume of water, In most liquid state fermentrtion
systems, the subsireie concentration is adjusted in the ranre
of 0.5 to 6.0.) depending upon the density of the substrate
(Chahal, 148%). Although SSF has its own inherent problems
it requires no complex controls and has many advantages over
LSF which regu’res rigoercus control of pH, temperaturs:,

aeration, foaming and azitation (Moo-Young et al., 1978).

The moulds are preferred for solid state fermentation
because of their invasive growth pattern. The filamentous
branches grow in the interparticle spaces and it can produce
a wide range ol enzymzs to degrade carbohydrates. A number
of filamen=zous fungi have been grown on solid subsirates for

the extracticr ¢l enzvmes or for single-cell vrotein procuction,

Cheeteoriur coi’ulolyticum has been successfully grown

on various suostoates 1like pulp and paper mill solid wastes,
pretreatsd straw, rew and acid- and alkali- treated hardwood
saw duszt (Moo-Young et al., 1977, 1978; Chahal et al., 1981 ;

14

Hecht et al., 1995). lamment et al. (1978) developed a mo:ified
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proceses to eliminate the problems of large quantities of post
fermentation solid residues. Rogers et al. (1972) have attemp-
ted to produce SCF from ground refuse end wood pulp using
Penicillium, Penicillium species heve been successfully grown
on corn stem, corn cobs, wheat bran, and cotton linters
Eﬁur:ulaninlgi al., 1976). Production of SCF from pine bark
using various species of the filamentous fungi like Penicillium,
Asporpiilus, Trichoderma, Clesdosporium and Fusarium has been
done; but blomass yield on this heavily lignified substrate wes
too low for ecconomic production (Updegraff et al., 1975).
Penicillium notatum and Penicillium digitatum were grown on wastes
from starch producing and poteto processing plants (Stakheev and
Babitskaya, 1978). Fungal protein production from the waste
products after olive oil extraction has been attempted using the
organismse, Aspergillus oryzae, Aspergillus niger, Sporotrichum
pulverulentum and Trichoderma viride (Karapinar and Worgan,
1983). Citrus peel, coffee waste, barley husk, maple wood.etc.

heve alsc been used as substrates for SCF production uzing the

organisms Aspergillus niper, Trichoderms& Koningli and FPolyvporus
BENCceDus., In cassava fermentations with Asperpillus nirer

Raimbault (1977) reported a dried product containing 25=-30u
true protein.

ASeS =amylEge d agrlucosidase

Amylases, the starch degrading enzymes,have numerous
blotechnological applications, e.g. in the production of

syrups containlng oligosaccharides, maltiose and glucose.



23

Enzymatic degradation of astarch on an imdustrial sacale has been
practised for many years and this has replaced to a considerable
extent the traditional acid-catalysed proceas.

ﬂ:-m:r].aﬂ& (&€ -1 ,4-D-glucan glucanchydrolase, EC 3.2.1.1.,
endoamylase) is distributed widely in microorganisms (Fogsrty,
1983), It hydrolyses o{-1,4-glucosidic linkage in amylose, amy-
lopectin and glycogen in an endofashion, butO(-1,6-glucesidic
linkages in branched polymers are not affected. The properties
and mode of action of l-amylases depend upon the sources of the

enzyme.

Amyloglucosidase (EC 3.2.1.3., glucoamylase,0{-1,4-D-
glucan glucochydrolase, yY-amylase) is an exoacting enzyme that
ylelds B =D-glucose (Ono et al., 1965) from non reducing chain
of omylose, amylopectin and glycogen by hydrolysing {-1,4-1lin-
kages in a consecutive manner. It also hydrolyseso{-=1,5 and
ﬂfﬂ.! linkages although at a much slower rate than®(-1,4=1in-
kages., For example, maltose is hydrolysed at about 40 times
the rate for isomaltose, and the linear polysaccharide pullulose
is apparently quite reaistant to hydrolysis, the rate being about
2% of that for starch. Amyloglucosidases occur almost exclusively
in fungi (Fogarty, 1983), and. the enzymes used commercially ori=-
ginate from strains of elther Aspergillus niger or Rhizoousa
specles where they are used for the converazlion of malto-oligo-
‘saccharides into D-gluccse. Fleming (1968) classified amylo-
glucosidases into two major groups, one ylelding total hydrolysias
of starch and dextrins and the second ylelding BO% hydrolysia
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of starch and 40% conversion of IB-limit dextrins to zlucose.
Fogarty and Benson (1982 b) reported that the enzyme from
A. niger has relativaly high affinities for starch, maltotrio:ze,

and maltose,

Cellul=se (indoglucanases)

The ability to produce extrzcellular enzymes is widespre-d
amongst fungi. In the search for zcod groducers of cellulolytiz
enzymes, however, only relatively few fungal species have been
selected by various research workers; such fungi are Tricno-

derma reesi, Chaetomium cellulolyticum, Asnergillus terreus,

etc, (Mandels and Reese, 1957; Chahal et al., 1977; Miller

and Srinivasan, 1979).

Aspergillus species are preferred for the production of

lﬂ-glucosidase, and also for the total hydrolysis of cellulose,.

Lots ofp-glucosidase production have been reported with Asmerg. 1=

ius awami, A. ohoenicus and A. niger. Endo—/B-(‘l,a)-L;Lucanases
(1,4~ B -D-glucan 4-glucanhydrolase, EC 3.2.71.4.) are on= group
of several components of cellulase complex (3izaria and Gt sh,
1981) which hydrolyseslB -1, L-glucosidic linkages randomly in

native cellulose,

2. V. Blogas from Organic Matter

<

Biogas production by anaerobic digestion of non-fossil
biomass has attracted considerable interest in recent years

in its application to rural situation since this 1is on2 of



the methods of supplementing the fuel supply (Joshi, 1945;
Sun, 1959; VWilliams, 1977; Shelat and Karia, 1977; Martinez
and Muldms, 1981). Methane is the major constituent of
natural gas obtcined from the anaerobic digestion of biomass

(Klass, 1070).

The anaerobic digestion process offers a numbrr of
advantages ¢v or other forms of energy conversion: (1) It
prodices a relatively clean gaseous product which can be
readily upgraded (Ghosh and Klass, 1977, (2) It efticientuiy
converts the carbon of organic matter to a usable fuel,

(3) Many types of organic matter including organic substances
with high moisture content are potential feed stocks (Ghosh

and Klass, 1976). (4) It is safe, reliable and interconverti-
ble (Ghosh and Klass, 1976; Picken and Fox, 1981; Picken and
Hassan, 1982; Held and Konig, 1982; Ahlers, 1982). Anaerobic
digestion of agricultural, industrial and municipal waste is
very important for environmental protection since it combines
waste stabilization with net energy supply and also permits the
use of ungassified solid or ligquid residues as fertilizer or

animal feed or fish feed.

Since Voli. identified methane in march ras in the 18th
century, th: fact that organic matter decomposition under
anzerobic c¢onditions will produce methane has been known
(Meyne11l, 1976). In 1895 the gas collected from a specially
designed septic tank was used for street lighting in the city

of Exeter in England (Bell et al., 1975).
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Anaerobic digestion has been used as a method of treat-—
ment of municipal sewage and a number of asnaerobic sludge treat-
ment plants are in coperation in several parts of the world
(Fowler, 1907; Acharya, 1954; McCabe and Eckenfelder, 1955;
Goold, 1959). Mosey (1980) reported that in Wales (England)
half of the sludce produced has been treated in this way.
Considerable interest has been shown in this area during the last
few decades, including methane production from manurec, food
und industrial wastes, crop residues, gsrbage, etc., and recemn -
1y it has been applied to waste treatment processes (Fullen,
1953; Schroepfer, 1955; Loehr and Agnew, 1967:; Ricei, 1975;
Stafford et al., 1980; Edeline et al., 1986)

The studies conducted on the anaercobic dipgestion of cattle
manure have contributed much to the development of advanced
processes in biomethanation (Desai, 1951; Hart, 1963; Anon,

1974; Varel et al., 1977; Ghose and Amit, 1981; Kewell, 1981;
Rodriguez and Werner, 1982; Wellinger, 1985).

The potentiality of the substrates like piggery waste
and poultry manure for biomethanation has been reported by
many workers (Fri 1961; Jewell et al., 1976; Callander, 1979:
Summers and Bonsfield, 1980; Hobson, 1981; Fisher, 1981;

Van Velsen, 1981; Hill, 1983; Hashimoto and Andrew, 19835;
Aubart and Fanchille, 1983).

The studies began with batch digestion of sewage sludge
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(Fowler, 1907; Acharya, 1954) and these have further led to
continuous and advanced digestion methods capable of ettelin=
ing greater volatile solids (VS) reduction, and methane yield
(Ghosh et al., 1975; Bryant, 1979; Temper et 8l., 1982;
Rebillat, 1982).

The applicetion of anaercblc digestion in industrigl
waste treatment has progressed due to the intensive ilnvestii-
gations of many workers. Van den Berg and Lentz (1972) have
reported the anseroblc digestion of pear waste. The same
workers applied the technigue of anserobic digestion to treat
the effluent from food processing plant waste (1977 ana 1979).

Cillie et 81.{1969) demonstrated the apvlir~atien of anaerobic
digestion in the treatment of waste water. Distillery waste
and sugar industry waste were also anaerobically treated to
produce methane (Barry et al., 1982)., Anaerobic digeation of
waste waters and pulp from coffee processing industry was
studied by Cal=zada and Rolz (1984) and they reported a higher
productivity in the two-phase digestion (up to 6-4 volumes of

gas per volume of reactor per day).

Eilochemistry of the process

During the process of anaeroblc digestion a large "amount
of organic matter is destroyed ., but 90% of the energy available
in the substrate is retaiunﬁ in the easily purified gascous
product, methane (Barnard and Hall, 1983). Different types of
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microorganiems are involved in the proceas, the main blologi-
cal agent being bacteria. Fermentative ciliates, flagellates,
protozoa asnd anaeroblc fungl may alsco contribute in some eco-
syatems (McInerney and Bryant, 1981).

In pnaercbic digestion the complex molecules such as
pnlysn::hari&aa. proteins, and lipids are hydrolysed to fatty
acids and other organic acida, slcohol, ammonia, sulfide,
carbon dioxide and hydrogen (McInerney and Bryant, 1981).
Propionates and longer chain fatty aclids, some organic acids,
and alcchols are probably decomposed by a second intermediate
group of bacteria called the obligate H,-producing (i.e. proton
reducing) acetogenic bacteria (Bryant, 1979), but only a few
species have been reported. Acetote and some times other acids
are produced from H, and CO, by some other bacteria (Balch et
8l., 1977; Ohwaki and Hungate, 1977). These two steps are
carried out by a hardly separable group of fastly growing
obligately snaercbic bacteria which rapidly utilize the
mctabolites of fermentative bacteria.

However, there are t'um' types of methanogenlic bacteria
which are able to use these materials. One type utilizes
H, and CO,. The second typé converts acetic acid (or its
salt acetate) to CO, and CH, (Mobson, 1978), which is a
quantitetively important reaction since about 70% of methane
produced is derived from the methyl group of acetate (Scammell,
1975). The successful operation of a digester relies on the



correct balance between these two groups of bacterias and this
occurs within the pH range 6.6 = 7.6 (Chittenden et al., 1980).
The methanogenic bacteria multiply at a slower rate than the
gcid formers, and they are more sensitive to environmental

changes (McInerney and Bryant, 1981).

Tempersture, nitrogen ggﬁtant and réetention time

Methane 1s formed over a wide temperature range from
0°Cc to 97°Cc. The optimum operating temperature range for
mesophilic methane fermentation is 30-40°C (Wellinger and
heaufmann, 1982). It is well known that within certain limits
an increase in the tepperature may result in an increase in
gas yield (Malina, 1964). Below this, digesticn proceeds
slowly (Temper et gl., 1982); however, temperature tends to
favour the acid forming bacteria and the system becomes more
suceptible to a reduction in pH. The accumulation of volatile
acids inhibits the methane-forming bacteris, and eventually
stops fermentation {thne and Amit, 1981). The fermentation
rate¢ is considerably faster at the thermophilic range (Cowley
and Wese, 1981). However, the i.m:rerasf.d heat reguirement,
and higher levels of Cﬂz in the biogas, are the major di=zad-
vantages.

The presence of nitrogen is an important factor and a
C:NH ratio close to 30:1 is generally considered to be
desirable (Bell et al., 1975; Cowley and Wase, 1981).
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Efficient Termentation requires a minisus retention time
below which it ceases due to the insufficiency of microblal
population (Lawrence, 1971). The loading rate is influenced
by the dry matter content of the feed stocks, and dilution
and retention times, are interdependent (Kirimhan, 1583).

Beactor desipgns and methodolopy

The most common technology of biomethanation was based
on the process of one-step completely mixed methane digestion.
Full scale digesters of thia kind have been referred to an
"first generation digesters". These digesters can be operated
on seml=-continuous way under the following conditions with the
volumetric loadsa up to &4 kg dry matter, d-;.r'1 l""" of digeater
and mean residence time as low as 10 days (Melchior et al.,
1962). In completely mixed one-step aemi-continuous methane
digeaters without active biomass recycle, as is found in the
coae with moat "firsat generation' methane digesters, a con-
straint arises from the low specific growth rate of the
méthanogenic bacteria. A world=wide survey confirmed that
the efficiencies of "first generation' digesters must be
limited to 3m° of gas {2:m° of methane) day™ =™> of
digester (Myns et al., 1980).

The two-step process of methane digestion often appears
more¢ reliable than the one=gtep process for a wider variety
of aubatrates. This could be mainly due to the accumulation
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of a large varlety of intermediary metabolites during fer-
mentation other than acetate and dihydrogen in the separate
EtEpSs. The second stage of fermentation always maintains

2 high level of proton reducing bacterial population which

in turn prevents the accumulation of the deleterious volatile
fatty acids (Asinari, et al., 1980).

Though the early emphasis on waste treatment has led
to the development of reactor designs operated with a low or
negative energy balance, they were unsultable for other sgri-
cul tural and industrial wastes. The continued search for
alternative energy production routes has resulted in recent
vears in the development of 'second generation' reactor designs
which are capable of dealing high strength liguid wastes with
favourable net energy yield (Newell, 1981). Wwhen attempts
were made to operate conventional digesters at high loadings
and short hydraulic retention times unbalanced digestion and
ultimately process failure were encountered (Ghosh and Henry,
1981). However, the development of two-phase anaerobic
d]gestera solved this problem (Pohland and CGhosh, 1971;
Ghosh et al., 1975).

Several types of anaerobic treatment systems are available
at present on a commercial scale, such as contzct reactor
{Meynell, 1975; Bell et al., 1975%), the upflow anaerobic
sludge blanket (UASB) process (Mosey, 1980; Stafford et gl.,

1980), the anaerobic filter (Hughes et al., 1952), fluidized
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bed (Jeel, 1930; Switzenbaum, 1981) etc.

Th> snaerobic treatment of stillage from alcohol industry
was exocmined with a modified upflow anaerobic sludge blanket
called the upflow-flock reactor, and achieved 95% COD reduction.
A preliminary =tudy of the digestibility of silage effluent in
an upilow anaerobic filter (UAF) was carried out by Barry et
al. (1982). The downflow stationary fixed film (DSFF) recactor
is one of several types of retained-biomass reactors developed
to achieve high rates of methane production and weaste treat-
ment (Kennedy et al., 1981; Vanden Berg and Kennedy, 1981 b).
The active biomass growing on stationary supports could not
readily be wacshed out and reactors could therefore withstand
high hydraulic as well as org:snic loads. The reactors were
found capzble of handling dilute and concentrete substrates
(4 to 130 g COL/1) and of changing readily from one waste to
another at high rates of methane production, Efficient
digestion with high methane yield was demonstrated by the
anaercbic filter for the digestion of high strength liquid

waste and solid biomass residues (Colleran, et al., 1982).

Chen et al, (1985) evaluated the performance of anaerobic
filuicdized bed system desiyned for the recovery of muthane from
liguid waste, with an emphasis on the substrate utilization and
gas production rates under different opereting conditions, In

thet systen the COD removal was in the range of 75 to 985%
1

when eveluated at COD loadings between 5.8 to 108 m ~ cay
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hydraulic retention times of between 4.45 to 8.1, and feed
COD corncentration between 480 to 9,000 mg am™,

Messing (1982) orerated an anaerobic two-stage immobi-
lized microbe processor with a sewage feed. It was designed
for the efficient conversion of the carbon in biodegradable
molecules to methane and for the effective transfer of that

gas.

Anaerobic digestion of starch factory waste

Frostell and Staffanstrop (1983) have evaluated the
modified anaerobic=—aerobic biological treatment of starch
industry waste waters. ' More than Q0% COD removal and 97-99.
BOD removal was achieved by this treatment. The attempt made
in the treatment of waste from a Dutch maize starch factory
{Zetmeelbedrijven de Bijenkorf) employing UASE anaerobic
process was effective to reduce the COD load to 400 - 800
mg/l (Original 1500-11000 mg/l) at a short retention time
of 15-21 hours (Zeevalkink and Maaskant, 1984), Trevalyan
{1975) suggested that most of the organic compounds can be
digested by anaerobic means relatively easy with the exception

of fibrous materials,
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Present Work

The problems associated with the discharge of cass~vr
starch focctory effluents into rivers and lakes have been
discussed by meny workers (Thanh and VWu, 1975; Balagopzl el
al., 1977; Suseela et al., 13980; Kunhi et a2l., 1982). Though
the effluent discharge is a serious threct, very little attenpt
hae becen made to reduce the pollution load generated by the
cassava siarch factories, An atiempt was therefcre made for
the microbiclogical treatment of effluents from a cassava
sterch factory located on the banks of Ashtamudi lake, lerals,
India, which has been polluted with the discharge from the

factory.

Experiments were laid out for the characterization of
the physico-chemical nature of the effluents, and enumerstion
of various microorganisms of the discharged effluents from a
large-sczle and a small-=-scale sterch factory. The potential
microorganisms especially veasts were studied with a view to

treat the effluents,

Investigations were made to assess the rate of de-rada-
tion of cassava starch factory effluents by the proli-

feration of natural contaminants under ambient concizions.

Utilization of cassava staerch factory effluents as

a substrate for SCP production ermloying various yeasts and
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yeast=like organlsms was explored by submerged fermentation
technique. Attempts were also made to convert the cassava
starch factory wastes into fungael blomass by solid state

fermentation.

In the cessava starch factory an obwvious source of organic

material for the procesz of anaerobic digestion is avallable

as effluents discharged during the extraction of starch from

the cassave tubers, l:‘rl:. the work on ths anaerobic digestion

of cassave starch factory effluent is scanty. The possi-

bility of utilizing cassava starch factory effluents for
biomethanation waz: tried by anaercbic digestion at different
conditions. The extent of reduction of pollution load was

assessed during Tfermentation and blogassification.

Haterials and methods, results anu discussions are

presented in the succeeding chapters.



CHAPTER 3

MATERIALS AND METHODS



3. MATERIALS AND METHODS

3.1, Collection of Samples

Effluent samples were collected from small-scale as well
as large-scale cassava starch factories in the Kerala State of
India. The primery and secondary efflucnt samblec were sevda-
rately taken from the phase of discharge. They were brought
to the laboratory in black polythene jerry cans, and kept at
4-7°C for short time and at -7°C for long time storage. Gene-
rally the analyses were completed within 5 davs of collection.
Necessary precautions were taken for the collection of effluent

samples as described in AOAC (iorwitz, 1975).

3.1i. Physical, Chemical and oiocchemical Analyses

3.ii.1, Ash

Known volume of thoroughly mixed sample was taken in a
silica crucible and evaporated to dryness. The crucible was
then transferred to an air-oven adjusted to a temperature of
10500 and dried the residue to constant weight. Ash was
determined by ignition of the dried residue in a muffle furnace

at 550°C as explained in AOAC (Horwitz, 1975).

2,1i.2. Settling property of solids in the effluents

The settling property of solids in - -the efflusnts was

determined by keeping the samples in measuring cylinders for
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15 min. Settled solids were separated by decanting the
supernatant, and total so0lids in the sumernatant solutions

were estimated,

3.ii.3. Estimatinon of total solids (TS) and susnended solids (SS)

Totel solids and suspended soliZs were determined
according to the ASIM Standaris (1979). Total solids were
estimated by evaporatiocn in a water bath at 100°C and Dy
drying the residue to constant weight at 1030C in an air-oven.
Measured volume of well mixed sample was filtered throuch &
filter crucible (Gooch crucible with an evenly distributed
asbestos fiber) that previously has been prepared an. dried
for 1 hr at 1OBOC, ceoied in a dessicator and weighed. Afz<er
filtration, the content was washed with water and air dried
for several minutes ani oven dried at 103°C for 1 hr. Cooled
in a dessiceator and the weight of the solics was accounted

as suspended solids.

2,ii.4, Diochemicel oxvezen demand and chemiczl oxveen denmand

L timstion was don '’ incubating the samples Y
BECU est tior s done by incubating t samnpl for
On . ot s . :
5 days a2t 20°C in the vresence cof acclimzted biolorsical systen.
The differerice in the oxygen content of the sample =zt the
bezinning and at the end of incubation was taker as the meacure

of BOD, Cxygen was determined bv emrloving the metnod of

¥inkler and COL determinations were carried out using the
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dichromate method described in AOAC (Horwitz, 1975).

3.1i.5, Biogas analysis

The biogas was analysed by gas chromatography using a
Hewlett Packard Model 5840 A gas chromatograph with a built-in

electronic integrator.

Column 6' 1/8" dia carbosieve

Column temperature - 60°C for 5 min. and
then temperatur
grammed to 180°
per min . and held at

final temperature for

10 min .
Injection temperature - 100°C
T.C.D. temperature - 300°C
Carrier gas - Hydrogen at a.flow rate

of 20 ml per min .

The geseous compounds were identified using authentic

samples.

GC=MS analysis of the biogzs was carried out in a Hewlett
Packard Model 5995 GC-M3 system using 15 meter cross-linked

methyl silicone flexible silica column of i.d. 0.02 mm.

3.ii1.6. Carbon estimation

The organic carbon in the sample was estimated by oxi-
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dising it to 002 in the presence of oxygen in a catalytic
combustion tuve at 900°C (Robinson, 193%). The carbon dioxide
generated during the combustion was estimated by absorbing

it in potessium hydroxide.

In a porcelain combustion boat, 0.5 g material was taken.
The boat was then placed inside the heating zone of combustion
tube furnace, keeping temperature at 9OOOC. A streamn of oxy-
gen was passed into the combustion tube and close circuit
connection was established with cerbon burette ol the carbon w.d
sulfur determination apparatus (Cat. No,GL 37.01 Toshniwal

Brothers Pvi., Ltd.) filled with zcidulated water <o zero level.

o))

After equalizing the level of the burette and levelling bottle,
the gas was twice or thrice passed into absorption vessel, till
the absorption of CO2 in KOH solution was completed. The gas
was then passed back to burette from absorption vessel and
difference in the level was noted on an adjacent scele. The
reading arrived on the scale of carbon burette was multiplied
by the correction factor from the pressure temperzture chart.

Ihe result so cbtained was the carbon vercent in the sample.

3,ii.7. Bvdrocvanic acig

The presence of hyvdrocvanic acid (HCN) was examined as
per the method given in AOAC (Horwitz, 1975). The colour of
the sodium picrate paper (filter paper dipped in 1% picric

acid and 10;» sodium carbonate solution) was turned to orange
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and then to brick-red in the presence of HCN,

3.,11.8. Nitrogen and biomass protein

Nitrogen was estimated by the Kjeldahl method as described
in AOAC (Horwitz, 1975). From the nitrogen value the biomass
protein was calculated (Mckenzie and Wallace, 1954). Nitrogen-
enriched materials were thoroughly washed with water till the
supernatant wash water was free of nitrogen. The residue was

then analysed for nitrogen content.

3.i1.9., Determination of effiuent pH

The pH of the thoroughly mixed sample was determined using
a digital pH meter, Elico Model - L 1-120.

3.1i.10. Extracellular protein

The extracellular protein was determined by the method

of Lowry et al. (1951).

2.ii.11, Reducing sugar

Samples were centrifuged at 1200 g for 15 min.to separate
the solids. The reducing sugar was determined in the supernatant

using dinitrosalicylic acid reagent (Miller, 1959).
3.ii.12. Starch

Mixed 200 ml of sample with 20 ml of concentrated HC1

{sp. 1.125) and refluxed for 2% hrs. Collected the filtrate
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and estimated for reducing sugar following the method of

Miller (1959) using glucose as the standard.

3.11.13. X ~Amyl ese

o -Amylase was estimated by the procedure of Manning
and Campbell (1961) at 60°C and pH 6.0. (Cne unit of K-amylase
activity is that gquantity of enzyme which hydrolyses 1 mg of starc:

Per minute under specifieg conditions of assay),

3,41.14, Amvloslucosidase

The amyloglucosidase activity in the cassava starch fac-

tory waste during the growth of Aspergillus niger was estimated

as per the method of Ramasesh et al. (1982), a mozified pro-
cedure of Miles Chemical Laboratory (1963). The activity
was expressed in International Units (I.U.). (An I.U, is
equal to the /UM of glucose released per minute per gram
under the defined conditions 1.e. temperature 6OOC, pH 4.2

and 4% starch solution),
3.1i.15. Cellulase

The cellulase assay was based upon the increase in reducing
groups following incubation of carboxy-methyl-cellulose with
enzyme solution prepared from the effluents. Assay was carried
out in acetate buffesr (0,1 M, pH 5.0) at AOOC for 24 hrs, Bac-
terial activity was prevented by the additiocn of antibiotic

solution. keducing sugar formed by the enzyme action was
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estimated using dinitrosalicvlic acid reagent (Miller, 1959).
(The specific activity was expressed as the mg of glucose libe-
rated/24 hr/100 mg protein). The protein content of enzyme

extract was determined by the method of Lowryv et al. (1951).

3.,11.16. Endoglucanase

luring the growth cf A. niger in primary starch factory
waste the endoglucanase activitiy was ecgiimeted in the substrates.
153
Subsamples of the same enzyme exiract (3.ix.1) , which was
prepared for the estimation ocf L -amylzze andé amyloglucosizcre
(3.11.13 and 3.ii.14 were uced for the endoglucsanase assayv.
2 ’ . & >
The assay was carried out following the method of Fetterson
<
and Porath (1966). ( The specific activiiv was exprecsed as the
mg of glucose liberated/24 hr/100 mg protein). The protein

in the extract was estimated as per the method of Lovry et &al.

(1951).
3.11.17. Amylase

Subsamples drawn from the effluent samnles (vrimary
and secondary) kept in meazuring cylinders were centri=-
fuged at 1200 = for 15 min. to remove the solids. The suner-
natant solutions were used z2s the enzvmes source for assaving

amvlase and cellulese activity.

[eLEp

Potato starch solution (1%) was used as the substrate
in acetate buffer (0.01 M, pH 4.8). Enzvme source was added
and incubated at 300C for 24 hrs. Bacterial growth in the ascsay

system was arrested by adding antibiotic solution. Aligquots
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vere agnalysed for reducing sugar using dinitrosalicylic acid

reagent (Miller, 1959).

The amylase activity was expressed as mg of glucose
liberated per hour/100 mg protein. The method of Lowry et al.
(1951) was followed for estimation of the protein content of

the enzyme extract.

3.iii. Microbiolopgicsl Methods

3.iii.1. Tests for coliforms

The coliform Dbacterial counts were made following the

most probable number (MPN) method (Coilins, 1976).

3.,iii.2. Identificetion of mould isolates

Mould 1dentification was carried out as per the descrip-

tions given by Subramanian (1971) and Barnett and Hunter (1972).

3.i1i.3. Identification of yeasts

The yeasts were identified as per the methods given by

Barnett ¢t al. (1979)

3.iii.4, Microbial enumeration

Samples collected in sterile conical flasks w-re transferred
quantitatively to measured volume of sterile water for the pre-
paration of suitable dilution. One millilitre of aligquot was

transferred to sterile petri-dishes and 15-20 ml of appropriate
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media . poured in the conventional manner. Martin's rose
bengal agar (Martin, 1950) with streptomycin, mzlt-yeast-
glucose-peptone (M-Y-G-F) agar with streptomycin, Kuster's
agar, and nutrient agar (Difco) were used for ths enumeration
of fungil, yeasts, actinomycetes and bacteria respectively.
Petri-dishes for the enumeration of bacteria and

- -0
s

¥
incubated a2t 27°C and 28 + 29C respectively for 48 hrs. 1In

the case of ectinomycetes and fungi the plates were incubated
o - 3 LY . T . 13 -

at 28 + 2°C for 144 and 72 hrs respectively. DBacterial iso-

lates were mzintained on nutrient agar slants and yeasts

on M-Y-G~2 agar slants, Poteto dextrose agar slz2nils were

used for the maintenance of fungi and actinomicetes,

3.,iii,5. Microbial proliferstion in starch factory effluents

at ambient conditions

Primzry and secondary effluernts collected from the cassava
starch factory were kept separat 1y in 2 glass containsrs

(measuring cylinders). Exces

n

ive evaroration was prevanted

by kezrving at roon temzeraiure. Subsamnles were drawn ior
examination of bacteriz, yeasts and furgi. Leriel dilution
technigue was followsd Tor the enumoration of mitroorzanisms
using nutrient egar, M-Y-C-F agzr and rose bengal agar for
bacteria, yeastis ani fun;., respectively. The nutrient

agar plates were incubzted =t 37OC. Lacterial growth in M-Y-G-=P
agar plat~s and rose bengzl agar plates were sunnressed ny

adding sireptomycin.



The plates for yeasts and fungi were further incubated at
28°C. The colonies developed after appropriate incubation
were counted and the population was expressed as number of
colonies x 1OX, vhere X denotes the dilution rate. These
experiments were continued from the first day of collection
of samples to the tenth day, both for primary and secondary
effluents.

3.iii.6. Morpholerical grouping of bacteria

Morphological characters were determined as described
by Harrigan znd lMcCance (1966), Bacteria were grouped on the
basis of their gram reaction, shape, size and sporulation.

™

3.iv. Fermentation of Cassava Starch Factory zffluents

o

with Yeazasts znd Yezst-like (Urganisms

Many celiulosic and starchy materials can be fermented
with microorganisms (Litchfield, 1983). In the present study

cassava starch factory effluents were used.

3,iv.1, Substrats vrevaration

Fresh primary effluent samples were collected an. enriched

with modified basal media (Paca, 1982). Basal media composi-

tion was:
(Nﬁq)zso4 0,28%
KHZPOA 0.07%
CaCl, 2H20 0.01%
ligS0, 7H,0 0.02%
NaCl 0.01%

Yeast extract 0.01%
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The samples were mixed thoroughly and distributed at the rate
of 100 ml in S00 ml Erlenmeyer flaszks and sterilized st 15 lbs

pressur-e for 20 min.

3ediv.2. Culture

Two isolates; Candida velida and Geotrichum candidum
obtained from caBsava sterch fictory effluents and three
cultures ruceived‘Frum Hational Collection of Industrisl
Fieroorganisms (NCIM), Pune, India; Candida utilis-3400,

Endomycopsis fibuliper and Endonycopsis megnusi were maintained
on M=-Y-G-F agar slants.

3.iv.3. Inoculum prepargtion

All the cultures except E. fibuliger were transferred
aseptically to M=Y-G=P broth, distributed at & lewvel of 100 ml
in 500 ml Erlenmeyer flasks. E. fibuliger was grown in potato-
dextrose-peptone (FP-D-FP) broths under aseptic conditions. The
inoculated flasks were incubated on & gyrorotary shaker keot
at room temperature (30 + 2°C). After 24 hrs of incubation
the flasks were removed Ifrom the shaker and the cells were
separated from the broth by centrifuging at 1200 g for 15 min,
ihe cells were further washed and suspended in sterile normsl
saline. The sterile media was inoculated with the organisms

at the rate of 5% (v/v) containing the following cell counts.
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C. valida - cell count 70 x 106/ ml
G. candidum " 120 x 106/m1
C. utilis L 300 x 10°/m1
E. fibuliger no 11.6 x ‘IO6/m1
E. magnusi " 8.4 x 10°/m1

J.iv.4, Analysis

Samples were drawn at intervals of 0, 24, 48, 72, 96

and 120 hrs for the following analvses,

g, Cell count

The number of cells in ths culture media was counted
under microscope, FZ0 wWarzawa Biological MB,10 by means of

a Neubauer (improved) chamb:=r (0,100 mm, 1/400 amm).

b. Heducing sugar

Samples were centrifuged at 4200 g for 15 min. to separate
yeast cells and solids. The supernatant was analysed for free

reducing sugar as exvlained by Biller (1959).
¢. Starch

Known volume of culture broth was centrifuged at 1200 g
for 15 min. and sedimented solids were analysed for starch as

described previously in 3.ii.12.

d., Biomass protein

Protein content of the biomass was estimated using the
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method described in 3.11.8.

Jov. Fermentotion of Cassava Starch Factory Secondary

—_—

EZ7luent with C, utilis and E. fibuliger

Iretecd of the primary effluent, secondary effluent was
fermented with C, ilis and E, fibuliger separately. The
effect of nrichment was also studied by fermenting non-enriched

seconduary efiluent.

Cell censity of the suspension of (., utilis and E. fibulige:
was 715 x 106/m1 and 10.5 x 106/m1 respectively in all the expe-
riments and both were inoculated at the rate of 4,0%. Though the
experiments were conducted in the same manner described in 3.iv.

it was teriuinated at 72 hrs,

3.vi. Co-culturing of C. utilis with E, fibuliger and C., utilis

with L, magnusi in the Primary Effluent of Cassava Starch

Factory

Unlike the methods followed earlier, here two cultures
were simu:tzneously added in the sterile primary effluent and
the experiments were repeated in the same manner described in
3.iv. Cell density of the suspension of E. fibuliger, E. magnusi
and C. utilis were 1060 x 106/1111, 15.5 x ‘106/m1 and 2180 x ‘106/1111

respectively.  The E, fibuliger and E. magnusi were inoculated

at a rote of 4,0% and C. utilis at a rate of 2,0%. The cell



49

mmbers were determined by serial dilution technique using
M-Y-G-P agar for C, utilis and P=-D-P agar for &, fibuliger and
B. magnusi. The analyses. of the samples included COD, BOL and

P in addition to the parameters described in Z.iv.h.

3.vii. Co-culturing of C. utilis and E, fibuliger in the

Secondary Effluent of Cassava Starch Factory

The secondary effluent was fermented by co-culturing of
€, utilis and E, fibuliger. Non-enriched secondary effluent
sample was also fermented in the same manner. Procedure followed
here was the same as described in 7.iv. Chemical oxygen demand
of the effluents of fermented sample was also estimated using
the same technigue described earlier (3.ii.4). Serizl dilution
technique was followed for the estimation of C. utilis and

E. fibuliger using M-Y-G-F agar and F-D-F agar respectively,

3.viii, Co=-culturing of C, utilis an¢ E, fibuliger in the

Primarv EfflJuent of Cassava Starch Factory under .

Monitored Conditions

Co-culturing of C. utilis and &, fibuliger was carried
out in a 7 1. Chemap Laboratory Fermenter. The conditions

monitored in the fermentor were:

Temperature - BOOC
pH - 5-0
Stirring - 250 rom

Aeration - 0.5 vwm



ou

The population of C. utilis and E. fibuliger was maintained

gt 700 x 106/ml and 680 x 106/ml respectively in the inoculum
samples. E. fibuliger was added at 4.8x level and after 4 hrs
€. utilis was added at the rate of 2.4%. Samples were drawn
at 0 hr to 60 hr at 4 hr intervals and analysed for protein,

reducing sugar, starch, COD and BCOL, Total cell counts were

also simultaneously made as described in 3.vii.

3. ix. Fermentation of Cassava Stzrch Factory Westes with

iger
Primary effluent collected from starch factory was con-
centrated and dried. Two kinds of sampnles were prepared:

the first sample with a nutrient solution containing the

following ingredients (Hecht et al., 1985)

F,POy, 20.0 g/1 FeB80,7H,0 50,0 mg/1
(NHA)ZSOA 30.0 g/1 MnSOhHZO 19.6 mg/1
MgS0,7H,0 3.0 g/1 ZnS0,,7H,0 14.0 mg/1
CaCl,2H,0 4.0 g/1 CoCl,bH,0 3.7 mg /1

and the second sample without the addition of nutrients. 1In

both cases the moisture level was a.Justed to 0O,

A strain of Aspergillus niger (RhL-TZ) wieS used for the
study. The fungal culture was meintained on potato dextrose
agar slants. One week old culture maintained at 30°C was gsed

for the preparation of fungal spores.
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The samples weighed exactlyﬂgbxg“ 'distributed in

500 ml Erlenmeyer flasks and autoclaved at 121°C for 20 min.
Fungal spore suspensions were prepared in sterile water containing
1 percent twéen 80. Two millilitrq;of spore suspension (11 x 106/
ml) was inoculated to each flask. Samples of both kinds were

incubated =t 30°C for 120 hrg,

“he samples were drawn at different intervals for total
protein analysis after fermentation with A. niger. Analysis of

protein was carried out by the same method followed in 3.i1i.8.,

3.ix..Extrection and analvsis of enzymes

Samzles drawn at different intervels (0, 24, 48, 72,
96 and 120 hr) were homogenised with distilled water by stirring
for 15 min, The extract was analysed for(C-amylase, amylo-

glucosidase and endoglucanase.

%3.%. Ana-ronic Fermentation of Cassava Starch Factory

Effiuents for Methanégenesis in Batch Digesters

3.x.1. Direstion apparatus

Single stage batch digesters were fabricated in the

laboretory.

trienmeyer flasks of one litre capacity which served as
digesters were stoppered with bend tube inserted rubber corks

(Fig. 54). Similarly seven litre glass bottles were also used
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a8 batch digesters and each one was stoppered with a bend tube
inserted rubber cork (Fig. 5B ).

Two hundred litre metallic (tin) barrel was cut open on
the upper side and a metallic rod was fixed vertically in the
centre of the lower side. Another metallic barrel half inch
less than the diameter of the main ( first ) barrel, and opened
on the lower side was inserted in. One metallic pipe with slight-
1y higher inner dismeter than the metallic rod fixed in the main
drum was inserted through the middle of the upper side of the
smaller barrel for easy movement. Hence the smaller barrel
could esasily slide over the central rod of the main barrel
according to the pressure of the biogas produced from the main
‘barrel. Provisions were also made for the collection of gas
released by providing two valves (Fig. 5C ). -

3.x.2. Feed stock preparation

Frimary effluent collected from the cassava starch factory
wes used in this study. The effluent was enriched with nitro-
gen (urea) to give a C:N ratio around 30:1. 3So0lid content of the

sampleswas adjusted to B.2% and the pH was then raised to 7.0
with sodium hydroxide.

Feeding material
Total solids - B. 2%
Carbon - 18.B4%
Enrichment (urea) = 0.5 g/l.

pH - 7.0
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The feed stocks prepared were fed at the rate of 400D g
in 1 1., 5 kg 4n 7 1. and 150 kg in 200 1. digesters respectiw ly.
Digesters were then incubated at ambient temperature (30 + 3°C)
and biogas generated from the digesters were collected by the
downward displacepent of acidified water in the case of 1 1.
and ¥ 1. digesters, but in the case of the 200 1. digesters,
the gas profuction was calculated by measuring the imcrease in
height of the amaller barrel from the level of sclution in the

digester. The effect of nitrogen enrichmemt was also studied
by edding urea at the rate of 0.5 gfl of effluent.

Single stage digesters were designed with 2 1.
Erlennmeyer flasks (Fig. 5D). There were three openings in
the digester, one inlet to feed the digester with fresh efflu-=
ents, one upper outlet for gas collection and the second lﬂﬂ?r
outlet for effluent (digested) removal. The digester was kept
on a magnetic stirrer and the gas outlet was connected with a
rubber tube to a measuring cylinder, filled with acidfied water ,
which was clamped upside down. The other two openings were
closed temporarily.

A portion of 1 1. digeated material from the batch
digester was transferred to the semi-continuous digester. The
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cessation of gas production from this digested sludge was

tested for 30 days.

Joxi.2, Feeding material

Total solids - 8.035%
Carbon - 18.84%
Enrichment (urea) - 0.5 g/1
pH - 7.0

COD - 65,000 meg/1

. . O~
The above matsriesl was Kent et 570 and brouzht to

room tempereiture before feeding., rresh samples were =27ded
to the digester containing 1 1. . digested material throuzh

the inlet of the digester. Two expveriments were conducted

with 20 m1 (1,300 mg COZ) and 100 ml (6,500 my COL) of feeding
material till the gas production was reduced almost to negligible
anount. Since it was found that after 4 days of digestion the
rate of gas production was ne;ligibly low, subseguent exieriments
were continued only for 4 days. The other experiments vere
concucted by adding 40 ml (2,600 mg COL), 120 ml (7,800 mgz COD)
and 140 ml of the effluents (9,100 mg COL) to the digester.

The experiments were repeated 5 to 6 times. Care was talen

to maintain the total volume of efflusnts constant whenever

fresh samples were added.

Thesolution i the digester was mixed thoroushly

thrice a dav for 2 min. each time with & magretic stirrqr, L1 the



935

experiments were carried out at room temperature (30 z 3°C).

Biogas produced from the digester was collected guanti-
tatively by the downward displacement of acidified water kept
in measuring cylinders. The pH profile and total soclids of
the effluent samples from the digester were determined perio-
dicelly as per the methods described earlier.

cnumeyration, screening and determination of the physio=
logical traits of different organisms were carried ocut in
triplicate unless otherwlise stated.

Jexii. Statistical analysis

Statistical analysis was carried out to understand the
significant differences between the control and treated samples.
The method described by Chatfield (1978) was followed for the
purpose.

Significance tests

Significance test is a numerical method for testing
a hypothesia. On the basis of the data obtained during the
study it is of great use to know the acceptabllity of the
uhservatinna-by this method alsoc. The following formula was
used for the calculation of the t-values

(%, - %,) V&

q/f (sZ + 52)

2{n - 1)

ez =




where

calculated t-velue

mean velue of the treated sample

mean value of the control szample
gamle variance of the treated sample
cample vorience of the control sample

nunber of obsarvations in each sample
(szmple size)
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RESULTS



4. RESULTS

b, Physico=chemical and Microbiological Characteristics
of Casrava Starch Factory (C.S.F.) Effluents

The easily degradable carbohydrates pre:zent in the cassava
starch facltory effluents support the growth of microorganisms
and subsequcntly cause imbalance of natural conditions in and
ground the place of discharge (I'igs. 2A,2B,2C & 2D). In order
to study tne extent of poliution load, samples of effluents
collected from various starch factories in the State of Kerala,
India, were analvsed. Attempts were also made to understand
various microorganisms preéent in the effluents. Results of
the systemctic analytical study of the effluents are conso-
lidated here. Samples of effluents discharged at different
phases of the st:irch extraction in small-scale and large-scale
starch factories were separately analysed to understand the
various physico=-chemical and microbiological characﬁeristics

0f the effluents. -

4,i,7, Phvsico-chemical characteristics of primary effluent

from lorge-scale starch factory

The thick creamy=-white acidic slurry obtained from large-
scale st rch f=ctorirs during the primary stage of starch
extraction was awnarently different from othér effluents
orimarily due to the presence of higher quantity of organic

matter (r2ble 1 =2nd Fig. 2.,1A). The BOD of the primary



effluent was in the range of 13.20 - 14.30 g/1 which reached
about one third of COD (38.22 - 4B.82 g/1). Significant

amount eof the solids were present in the suspended form.

By acid hydrolysis, more than 50 of the solids were conver-
ted as reducing sugor vhich was in the range of 22.61 - 29.28
£/1. Small amount of reducing sugar in the free form was

also obseMved (0.425 - 1.85 g/1). Exceptionally low concentra-
tion of nitrogen (0.097 - 0.182 g/l) was one of the unique

characteristics of the effluent.

The primary waste materisl produced from the small-seale
cassava starch industry was semi-solid in consistency with o

moisture content of TO=80s,

b.1.2. 5 - o econ

= - st

The secondary effluent of the large-scale cassava stareh
factory was a lipght creamy-whiite coloured ccidic water which
was separated at the final stafes of starch extraction
(Fig. 2.1B). The BOD and COD of the effluent samples were
in the range of 3.60 - 7.05 g/l and 5.80 - 12,05 g/1 res-
pectively. This effluent also contained some storch, frec
tugars, and Iibrous matter which contributed to the +otal
golids of 3.20 - 9.60 g/l (Table 1). Hitrogen content of
the secondary eifluent was alsc negligible as in the case of
primary effluent (0.065 = 0.086 g/1).



4.1.3. Pnysico-chemical characteristics of the secondary
effluent from small-scale starch factory

There was 1little difference between the secondary
effluent of small-scale and large-scale starch factories
(Table 2}). The BOD was in the range of 3.87 = 6.02 g/1 and
COD was in the range of 4.87 - 9.60 g/1. Total =clids and
suspended s0lids were 4.0 - 6.60 g/l and 1.87 - 2.96 g/l
respectively. The presence of starch and free reducing sugar
was also observed in the secondary effluent (1.55 - 3.02 g/1
ard 0.64 - 2.075 g/l respectively).

Goi.bh. Hierob load of orimar uent om large=a

starch factory

Various kinds of microorganisms were observed in the
effluent which varied from sample to sample (Table 3). Compared
to all other microorganisms, bacterial number was the highest
{0.70 x 11:!5 = 10.0 x "it}ﬁfml}. The yeast and mould counts were
in the range of 1.20 x 1D3 = 14.75 x 1l.'.l3'..|"m1 and 3.60 x 10~ -
20.0 x= 1D3fﬁ1 respectively. Fopulation of actinomycetes was
found pinimum (0.90 = 103 - 10.0 x 1Cl3.fm.'l..'h

4.1.5. Microbigl Jload of secondary gifluent {rom large-scale

a
= ™

Among “the different microorganisms observed in the

secondrry eflfluent, the bacterial population was the highest



and it ranged from 199.5 x 10°/ml - 400.0 x 10°/ml (Table 4).
Yeast count was also high (13.13 x 10° - 30.0 x 10°/ml) when
compared to moulds and actinomycetes (1.60 x 10° - 2.70 x 10°/ml
and 1.58" x 1ﬂ3 - 3.0 x "|l:}3fll respectively).

Substantial proportion of the microbial load of the

effluent was due to bacteria and it was in the range of 5.50 11(}5-
15.45 x 10°/ml. The yeast count was also high but it was lower
than bacteria (12.0 x 1D3 - 35.0 x ﬂ:lafml]l. The population of
mould was almost equal to veast (Table 5). HNumber of actinomycetes
present in the samples was in the range of 1.5 x ‘11::3 = 2.0 :.-.11:?.:.1.

Wide spectrum of microorgeanisms were identified in the
fresh effluent samples (Table 6). Bacterial populstion, con-
sisted of gram- megative coccobacilli, gram-positive cocci,

gram=-positive rods, spore formers and non-spore formers.

The filamentous fungl such as Aspergillus, Pepicillium,
Fusarjum, Rhizoous, Monocillium and Humicola were found in
the effluents. The yveasts harboured in the effluent samples
were Candida vglida (Fig. 3A), Geotrichum candidum (Fig. 3B)
and Sgccharomyces species. The presence of coliform bacteria
., was also observed in the effluent samples ( > 1600/100 ml).

In addition to the above, the presence of hydrocyanic
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acid in the fresh effluent sample was detected. Hydrocyanic

acld could not be detected in samples kept beyond 3 days.

h.1i. Biochemical Changes and Microbial Froliferation in the
Lassava Starch Factory Effluents Under Ambient Corditioms

4.11.7. Biochemical changes of cassava starch factory effluents
at ambient conditions

a. Amvlase activity

Determination of amylase activity in the primery effluent
kept at ambient conditions was continued for 10 days and the
results are given in Table 7 and Fig. 2.5. There was no amvlase
activity at the beginning of incubation. On the second day the
specific activity of amylase was O.,45 and it was almost doubled
on the next day (0.86). Maximum activity was obtained on the
fourth day (0.96) and there was a gradual decrease in the
activity on the fifth, sixth and seventh days. The correspond=
ing values were 0.76, D0.42 and 0.33 rtapactivulf on the fifth,
gixth and seventh days. However on the eighth day the sp-eific
activity was slightly higher than the previous day. There
was 8 reduction in the activity of amylase on the tenth dav,

Fr-om tﬂe-negligible level (marked as O activity in
Table B]'uf amylase activity in the seunndarf effluent at the
"bpeginning of incubation, it was raised to 0.42 on the second
day by incubation at ambient conditions. It further increased
to 0.73 on the third day. On the fourth day the activity was
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diminished to 0.45 before getting the maximum activity on

the fifth day (0.95). Some reduction in the amylase activity
vas observed on the sixth day (0.35). Then it ;radually
increased to 0.52 on the seventh day and to 0.62 on the eighth

day. A decreasing trend was observed thereafter.

b. Reducing sugar content

The results obtained for the reducing sug-r content of
the trimary effluent are gi-en in Table 7. Initial reducing
sugar content of thelrimery effluent was 0,036 (w/v) which
wvas reduced to 0.015% on the next day. The reducing sugar
valuec for the successive 8 days were G.013%, 0.011),, 0.01%

0.00%:, 0.,01%, 0.00%9., 0.007: and 0.008; respectively (Fiz. 2.6).

In the secondary effluent the initial reducing sugar
content was 0.031% (w/v). It was diminished to 0.016% on
the second day. The sugar content further decreased to
0.012:. on the third day and 0.01% on the fourth day. There
was siight increase in the sugar content on the fifth day
“i.e. 0.017%, Thereafter a gradual reduction in the reducing
sugzr “evels was observed (Fig. 2.6). The reducing sugar
levels were 0,011%, 0.0057, 0.005., 0.004%: and 0,004 on the
sixtn, seventh, eighth, ninth and tenth days respectively

(Tzble 8).

There was no cellulase activity in the primary as well

as secondary effluents throuzh out the 10 days of incubation.
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€. Biochemical oxygen demand, chemical oxygen demand and pH

changes in cassava starch factory effluents at ambient

conditions

When the primary effluent was kept at ambient conditions
for 10 days the B&D of the primary efiluent was increased from
14.71 g/1 to 15.36 g/1 (Table 7). It was observed that during the
10 dayspf incubation, COD was decreased from 37.20 g/l to
35.30 g/1. The effluent.became more acidic as indicsted by

the pH decrease from 4.4 to 3.0 (Fig. 2.7).

£

"In the case of secondary effluent the initial BOD of
3.57 g/1 was reduced to 1.94 g/l and COD of 3.95 g/l to 2.58 g/1
at the end of 10 days storage at ambient conditions (Fig. 2.8).
Corresponding v-rietiorn in pH of the secondary eifluent was

from 4,5 to 3.7 (Table 8).

d, Effect of gravity settling

The result of grevity settiing experiments inuiicated the
separation of 41.30% of totszl solids and thereby & reduction
of 48,42, BOD and 49.53x CUL of the secondary effluent during
15 min . (Table 9 & Fig. 2.3). But the gravity settling did

not help the separationofsclids in the primary effluent (Fig.2.2)

L4,ii,2, Microbial proliferation in cacssava starch factory

efiluents at ambient conditions

The growth of microflora in the effluents discharged

from starch factory after different incuhation periods was
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studied in detail. The main focus was on bacteria, yeasts

and fungi (Table 10 and 11).

Rapid multiplication of the bacterial cells was noticed
in the primary effluent through out the period of observation
up to ninth day of inoubation and the bacterial population weas
0.09 x 106/m1 cells on the ninth day of incuba-ion. Aftarwards

there was no increase in the bacterial population (Fig. 2.4).

The yeast count of the nrime -y effluent was 0.6 x 106/m1
on the first day. The number of cells suddenlv increased to
4,0 x 106/m1 on the second dav an< arain increased to 30 x ’|O6/m1
on the third dav. rurther multiciiceticn of veasts in the
primary efflucnt was not as rapid as earlicer (39.4 x 106/m1,
54.4 x 106/m1, 82 x 106/m1 and 100 x ‘IO6/m1 on the fourth,
fifth, sixth, and seventh days respectively. A stationary
phase in the growth was observed from the seventh day excert
small variations in the yezst cell counts on the eighth
(93.64 x ‘106/m1)ninth (97.0 x ’106/1111) and tenth davs (9%.8C x
106/m1).

Maximuz growth of moul:Z was roticed on 6th day (1£.5% x
10" /ml) durirg incubation at ambient conditions., After a lag
in the growth on seventh, eighth and ninth days the mould number

again increesed to 18.0 x ‘106/ml on terth day.

sacterial ponulation in the secondary effluent at the

> . 6 L] -
berinning was 70,08 x 10 /ml. There was a gradual increzse
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in the population from the second day onwards and maximum

leoad was cobserved on the tenth day (500 x 1DE'.|I"|:1.1}. In the

case of yeasts there was a gradual increase in the population
right from the beginning and the rate of multiplication of yeast
cells was comparatively faster than bacteris and fungi. On the
first day of observation thdyesst population was 2.4 x ‘I[!I'ﬁ..-"tnl

and on the eighth day, maximum vopulation was found (491.79 x
1uﬁfm1}.

The mould count was comparatively lower in the secondary
effivent. The total mould count in the initial stages of
observation was 0.04 x 1[.‘-E'fml and the maximum eount of 4 x 10%/m1
was observed on the fifth day. A decline phase of fungal growth
in the secondary effluent et ambient conditions began on the

s8i.sth day with a corresponding population of 5.9 x 106.-"1111-

4,111, Bubmerged Fermentetion of Cassava Sterch Factory

Effluents with Yeasts and Yepst=1like Orranisms for
EE Pro.uction of Sinmle=Cell Protein

The primary and secondary effluents of caszaova starch
factory were fermented aercobically for the conversion of the
cm‘bahrﬂrél:es into SCP. Five cultures including yeasts and
yegst-1l1ike -nrganiﬂms were used in the present studies (Fig.
3A, 3B, 3C, 3D & 3E).

4.4i1.9. FPerformance of L. Nollds. 0, gandidun, L. pillis,
& i and & i

o] BESAV tear or



a. Cagdida valida

Significant reduction in the starch content was not
observed during 5 days growth of C, valide (Table 12). ‘lhe
initial starch content was 2.23%(Q/v) and the final starch
content after 5 days of incubation was ~,04%. There was a
gradual iIncrease in the tetzl cell count of yeasts in the
media which multiplied iritially using the free sugar sveila-

ble and &5 a result the initial reducinr surser concentration

of 0.016:. was decreased to 0,006 by 24 hr incubation. 1he
initiel cell count in the medium was 21.72 X / 11 and the
ks
. ) & 2 6
cell numbars increszsed to 30.0 x 10°/ml and 50.7 x 10" /ml at

2L ané 456 hrs resvectively, The corresponding trotein content
was also maximum at L& hr (0.105. w/v) as againct the initial
protein content of 0.065%. There was a gradual reduction in
the biomzss protein content supporting the velues of cell

numbers after 48 hrs of incubstion. The c<11 count at 72 nr

o

of incubzzion was 42.3 x 10 /ml and the corresponiing percen-
tage of rrotein was (0,102 . A reduction in the cell count

and orote.n content wes ocbserveo during further incubetion

b. Gegourishum candidun

“he resulis on the performence of

1o

. candidum in the
prim=>v erTluent are given in the Table 13, Though the

initial starch content was 2.34% after 4 davs of incubation
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there was not much reduction in the total starch content (1.95%).
The initial reducing sugar was 0.025% and there was significant
reduction in the reducing sugar during 24 hrs of incubation
(0.,009%). At the end of observation (120 hr) the total redu-
cing sugzr content was only 0.007%. The cell count increased
gradually during the initieal 3 days and thereafter the cell
count was meintzined uniformly throughout the period of obser-
vation. Thne initiel cell count was 54.35 X 106/m1 and on the
third day it was increased to 101.0 X 106/m1 and thereafter
there was no increase in the cell count. Similerly the protein
content also increased from 0.12%  to the highest concentration
of 0.17%\during 72 hrs of incubation. The protein content

decreased thereaft r (Fig., 3.4).

c. Cendide utilis

The utilization of starch during 5 da s cof incubsticon
of C. utilis in the effiuent was only 0,08 (Zable 14). =Hut
the content ¢f free reducing sugar of the effluent was reduced
from 0,022~ to 0,009 during 24 hrs of incubation. Further

ascimitztion of suger was very slow zs it had reached a level

of 0,007+ vy 120 hr of incubztion. Though the initial cell

o

. s 6 L
count wacs cnly 13,90 107 /ml it rezched

",

>

6
L.58 x 107 /ml
after 72 hrz of incubstion. After 72 hrs there was a reducticn

in total cell count and protein content (Figs. 3.3 ani 3.4).

The conversion or stzrch into reducing sugar was
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obviously apvreciable during the growth of E. fibuliger

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

0.45% by 120 hr of incubation (Fig. 3.1). Incessant growth

-of the organism led to the increase of cells from 0.55 x 106/m1
to 105.62 x 106/m1 and a corresponding increase of protein from
0.029% to 0.182%. During the growth phase, the hydrolysed sugar
was assimilated as a reduction in reducing sugar was observed
after 48 hrs at which the sugar content was 0.075%%. On the
fifth day the sugar content was slowly reduced to 0.032%

(Fig. 3.2).

About 1.82% st:urch out of 2.4¥% was degraded by E. magnusi
during 120 hrsof fermentation. Maximum reducing sugzar content
was observed at 48 hr (0.071%), unlike the cell number and
protein content which was found maximum at 120 hr (89.94 x
106/m1 and 100,159 respectively). Put siznificent protein

increase was observed after 48 hrs (Table 16).

4,iii.2. Performance of C. utilis and F, fibuliger in the

enriched and non-enriched secondery effluents of

caszava starch factory

a L] Q%l iC gl ml- l 5

In both enriched and non-enriched secondary effluents

the starch was not utilized by C. utilis (Tables17 and 18)
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During 72 hrs of incubation in the enriched and non-ernriched
secondary effluent samples only 0.01% of starch was utilized
by ' C, utilis. Free sugar was readily utilized in the enriched
effluent during different.days of incubztion (Fip. 3*.6). The
initial sug-r cortent of N.025% was reduced to Q,00Z by 72 hr
of ircubation. 1In the non-enrichrd sar7les the initial free
suger war (0,030% ang it was reduced onlv to 0,072. at 72 hr

of incubation. The cell density after 72 hrs of ircubstion
was 375 x 106/ml and 55 x 106/m1 in the enricked and non-
enriched effluent samnles rescectively. ‘the corresvonding
protein content was 0.213% eand 0.191% resypectively for

enriched end non-enrichesd effluents.

b. Endory & fibulic

Leerly 50% of the sta'ch present in the enriched s=con-
dary effluent was converted to reducing sugar by the hydrolyztic
activity of L., fibuliger during 72 hrs of culturing (Fig. 3.5).
But degr=zdstion of sterch was slighitly leszer in the non-ernriched
secondary effluent (44.0%). Ini<ially in the enrichsd comrles

utilizetion of redutin: surzr vers fzoiter “han the non-cnriched

[

samples (Tablie 19 and 20). By 72 hr, the reducing suger level
waes 0.008% but the corresvonding figurcs in thes non-enriched

samwle was 0,010,

Maximum cell counts were found in tThe 48 hrsold samvles

(375.72 x 106/m1). But in the non~ernrichegd efflivent maimum
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cell count was recorded as 335 x 106/m1 at 48 hr of incubation
(Fig. 3.7). The protein content of the enriched samples increa-
sed from 0.096 to 0.193% during 72 hrs of incubation. At the
same time in the non-enriched samples the protein content

reached only to 0.175% (Fig. 3.8).

4.i1i.5. Co=-culturing of C., utilis with E. fibuliger and

C. ptilis with L, magnusi in the primary effluent

of cas:sava starch factory

a, Candidz ptilis and Epdomvcopsis fibulirer

The results given in the Table 21 show that there was
degredation of starch at a significant rate during the growth
oflg. fibuliger and C. utilis (3.23% to 1.53%). Reducing sugarA
content increased from 0.05 % to 0.58% at 48 hr and this
again reduced to 0.168% at 120 hr (Fig. 3.10). There was
profound growth and multiplication of C. utilis and E. fibuliger
in the effluent and the C. utilis count was 281.08 x 10% /m1
and thet of E., fibuliger was 118.75 x 106/m1 at 120 hr
of incubation (Fig. 3.11). Corresponding to the iﬁcrease in
the cell count there was increase in the protein content
(protein content increased from 0.13% to 0.295%). During 120 hrs
‘of growth a significant and gradual reduction of COD from 68.29
g/l to 6.71 g/1 and BOD from 20.82 g/1 to 5.12 g/1 were
observed (Fig. 3.14). At the end of observation the pH of

thé effluent was found to be lowered from 4.80 to 3.20.
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b. dida

j—-

and [ si

There was a reduction in the sterch content from
3.25% to 1166% during 120 hrs growth of the organisms (Fig, 3.9).
There waqigx;eduction in the reducing sugar content from 0,051%
to 0,008% during 48 hrs of incubation (Tsble 22). The reducing
sugszr content suddenly increased and reach=d 0.811% a* 120 hr
of incubation, The growth of E, maznusi was founc to be guite
slow (0.59 x 106/m1 to 8.67 x 106/m1 with 120 hr). 1In the case
of C, utilis the cell count increased to 13%.74 x 106/m1 by 96
hr from the initis. count of 39.9% x 106/m1. £t 120 hr of
incubation the céll count was agein reducec to €5.4 x 106/ml
(Fig, 3.12). The biomass protein was gradully increased from
the initial level of 0.061% to the maximum of 0.134% at 96 hr
of incubation and it was declined thereafter (Fiz. 3.13). The
BOD and COD content was minimu@ at 24 hr of incubation (3.64
g/l and 3.86 g/1 respectively), A gradual increase was observed
in the BOD and CCU contert during succeszsive hrs of incubation.
During the study, there was & sharp re‘uction in the pH from

6.0'-’:' ‘tC 3.35.

4,iii.b4. Co=culturing of £, ntilis =< T, firulicer in the

enriched and non-cnriched secopdzery ef{luent of

cassava starch factory

In the enriched secondary efiluent there was 5S04 reduc-
tion of starch by 72 hr when C. utilis was co=-cultured with

E, fipuliger (Table 23 and Fig. 3.15). The reducing sugar
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content gradully reduced from 0.047% to 0.008% during incu-
bation (Fig. 3.16). Maximum cell count was observed at 24 hr
(365 x 106/m1) and slow reduction with time was noticed

(Fig. 3.17). 1Initial protein content of 0.154% was enhanced

to 0,27 during growth of the organisms (Fig. 3.19). Consi-
derable reduction of COD was achieved by the growth of the above

organisms (65%).
sampleg
In the non-enriched/ the starch reduction during cul-

turing of C, utilis with E. fibuliger was about 30% by 72 hr

of growth (Table 24). The reducing suger content increased
slightly (from 0.023% to 0.028%) and again reduced at the end

of ‘observation (0.015%). The cell count also increased from

the initial 70.68 x 106/ml to 375 x 106/m1 by 48 hr,
Correspondingly an increase in the protein level was also observed
(0.148% to 0.218%) at 48 hr of incubation. .The COU removal was

about 58% by 72 hr (Fig. 3.20).

4.,1ii.5. Co=culturing of C. utilig and L. fibuliger in the

primary effluent of cassava starch factorv under

controlled conditions

In the laboratory fermentor co-culiuring of C., utilis
and E. fibuliger in cassava starch factorvy primary effluent
resulted in faster utilization of starch and sugar by the
organisms (Table 25). By 28 hr of incubation, the starch

content was reduced from 1.92% to 0.40%. But therezfter the



degradation of starch was slow, Similarly the sugar uti-
lization was at a rapid rate in the beginning (Fig. 3.22)

and resulted in 0,01% at 28 hr, later much reduction was not
observed (,004% at 48 hr). k, fibuliger multiplied at a
moderate rate and reached a maximum cell density of 288.0 x 106/
ml from the initial 28.25 x 106/m1 at 28 hr. Thereafter a
reduction in the cell count was observed (Fig. 3.23). The

cell division was comparztively rapid in the case of C. utilis
and was meximurm at 24 hr (1107.5 x.106/m1). When *the incuba-
tion was continued further there was a2 rsduction in the cell
nurber rather than increase. The protein content also increased

from 0.0876% (w/v) to 0,5407% (w/v) by 28 hr (Fig. 3.27).

=
H
ct

D
—

28 hrsof incubetion, there wac slight reducticn in the nrotein
content aﬁd reachied 0.515% w/v at 60th hr of incubation.

A maximum biomas: protein content of 22.07% (w/v) was obtained
at 28 hr of fermentztion {(calculation was made on the basis of
raw primary effiuent with a protein content of 0.51% w/w).

The initial BCZ  value of 11.25 g/l has come down to 1.06 g/1
during 28 hrs of incubation and initial COD value of 28.25 g/l
has diminished to the minimum of 1.95 g/l during 32 hrs of
incubation. TIurther incubation slightly increased the BUU
‘and COL vzlues to 1.18 g/l and 2.32 g/l respectively a2t 60th hr
(Fig. 3.24).

b,iv, Solid Stezte Fermentation of Cassava Starch Factory

Waste with Aspergillus niger
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Loiwv.1. Ac on of af
Aspercillus piger on cassava starch factory waste

The s0lid state fermentation of caessava starch factory
waste with A. E.EEE has enhanced the protein content as shown
in the Tables 26 & 27 and Fig. 4.7.

Initial biomass protein present in the enriched material
was 1.60% (w/w). A steep increase in the protein content was
observed during the first three days (7.0%¥ on the third day).
Only 0.7% additional increase in the protein content was
achieved during the next two days of incubation.

In the case of non-enriched samples the init.ta:(prntain
content was 1,100 amd this was imreased to the maximum level
of 3.700x on the third day of incubation. There was no further
increase in the protein content during the fourth and fifth
day of 1nc&bﬂtinn.

b.iv.2. Extracellular protein

The protein present in the water extract of the
fermented material was estimated and is presented in Tables 26
and 27 and Fig. 4.6 as extracellulsr protein.

The extracellular protein present initially in the
enriched material was 0.742% (w/w). Xt gradually increased



during incubation and the maximum value was obtained on the
third day (2.505%). A reduction in the smount was noticed
subsequently on fourth (2.202%3) and fifth (1.844%) doys of

incubation,

Initial extracellular protein content of the non-enriched
sample was 0,395% and it had slowly reached a level of 1.627%
on the third day. During the fourth and fifth days the
extracellular protein contents were 1.420% and 1.4568

respectively.

4.iv.3.0C-Anylase activity

Higher activity of of-amylase was observed in the
enriched cassava starch factory waste when compared with
the nan-enrlchad waste during the growth of A. niger
(Tables 28 & 27 and Fig. 4.3). Maximum activity was found
at 48 hr of incubation (0.018 units) and later the activity
retarded. In the non-enriched waste thecdl-amylase activity

wes constant (0,003 units) from 48 hr to 95 hr of incubation.

bodv.le. Y1 o e potivit

The amyloplucosidase activity of Asperpillus niger
in cassava starch factory waste was assayed and results are
given in Tables 26 & 27 and Fig. 4.4. The activity was
expressed in International Units (I.U,).



Higher activity of amyloglucosidase was found in the
enriched sample than the non-enriched sample.At the end of
24 hr incubation, there was an activity of 5.90 I.U. in the
enriched sample. The maximum activity of 24.62 I1.U, was found
on the second day of incubation. There was a drastic decreace
in the enzymatic activity on the third (&.77 1I.U.), fourth

(1.88 1.U.), and fifth day (1.30 I.U.).

The amyloglucosidase activity of A. niger in the non-
enriched cassava starch factory efiluent was 6.51 I1.U. on
the first day. The maximum enzymatic activity o 16.45 I,U.
was 6bserved on the second day of incubation. Thereafter a
gradual reduction in the activity was recorded (9.40 I.U.,

2.05 I.U., and 8.19 I.U. on the third, fourth and fifth days

of incubation respectively).

4,iv.5, Endozlucanase activity

The estimation of endoglucanase activity of A. niger
in the cassava starch factory effluent was carried out at
different intervals and results were expressed as specific

activity of the enzvme (Tables 26 & 27 and Fig. 4.5).

The maximum enzvme activity of A, niger in the cassava

starch factory waste during solid stzte fermentation was
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observed on the first day (8.35). On the second day the
speclific activity was only 2.8 aanige third, fourth, and
fifth days the specific activities ofendoglucanase were 4.53,
6.04 and 6.0 respectively.

In the case of non-enriched samples, maximum specific
activity was obserwed on the fifth day of incubation (17.0)
eventhough an increased specific activity of endoglucanase was

observed on the second day (16.67).

4. iv.6. Starch, reducing sugar and pH in the cassava sterch
actory waste dur the owth of .
a. Starch

The stzrch content of the samples was estimated at
different intervala of fermentation and the results abtained
are presented in Tables 26 & 27 and Fig.4.1. The starch content
of the enriched waste was 56.85% at the beginning of fermentatior
There was a slight reduction in the total starch during 24 hras
of incubation. A drastic reduction in the starch content was
observed after 24 hrs (41.B85%, 33.15%, 14.55% and 13.05%
respectively on 48, 72, 9% and 120 hrskf fermentation of the
materiael with A. niger.

In the non-enriched sample the reduction of starch
content was consplcucus after 48 hrsof incubation. During five
days of culturing, the initial starch content of 58.405:

was reduced to 25.0.



b. Reducing sugar

The reducing suger content inm the enriched substrate
used for fermentation was negligible in the beginning (0.006%).
This has gradually increased to 0,130% in 24 hrsand maximum
concentration of 0.252% was obtained after 48 hrsof incubation
(Table 26 and Fig. 4.2). But there was a gradual decrease in
the concentration of reducing sugar during the subseguent three
days ranging from 0.104% to 0,039,

In the nop-enriched samples there was a gradusl increase
in the reducing sugar. Though the Buger concentration was
0006 at 0 hr it has increased to O,393% after 120 hme= of
incubation (Table 27 and Fig. 4.2).

c. pH

The pH was measured at different intervals of fermen-
tation and the values are presented in Tables 26 & 27. The
pH decreased to 3.0 and 2.85 respectively in the case of
enriched and non-enriched samples from an initial pH of S.4.

L.v. B sava St h Factory Efflue

L.v,1. B h ion o T ent of cassavo S

factory in batch digesters

The gqualitative anslysis of biogas obtained from the
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digester by GC=-MS showed, the presence of methane{as the

major constituent)and carbodpioxide (Fig. 5.1). The an=lysis
also showed the presence of butane. The mass spectrum clearly
indicated (M*) at 58 and (M-CHB) at 43 indicating loss of methyl

group (Fig. 5.2).

The samples were further analvsed to assess the guanti-
tative yield of methane and carbodpioxide as they were the

predominant gases (Fig. 5.3).

b. Influence of the addition of cowdung snd urea on biogas

production

Different proportions of cowdung were added to the
effluent after enriching it with urea. Non-enriched samples
wvere zlso simultaneously maintained. The span of gas nroduc-
tion was found.to be directly proportionzl to the quantity of
cowdung added. In the case of non-enriched effluent samvles
mixed with 5%, 10% and 20} cowdung, the biogas production

continued for 6, 21 and 68 days respectively.

Since the effluent contzined negligible amount of
nitrogen as mentioned earlier, urea was added in the samr:les
and its influence was studied, Enrichment of the effluent
with urea did not increase the span of gas production excepnt
in the case of slurries containing 5% cowdung which has
produced the gas for a period of 10 days as against 6 days

in non-cnriched samples (Table 28). The span of gas production
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in the case of non-enriched samples mixed with 105 cowdung
was 21 days as against 20 davs in the cese of enriched efflu-
ent samples. There was significrnt difference in the period
of gas production of enriched effluent with 20" cowdung and
non-enriched effluent with 20.. cowdung vhich showed a span of

34 days and 68 days resnectively.

The provortion of totel gas production in both enriched
and non-enriched samples increzsed with the gqueantityv of cow-
dung (Fig. 5.6). 1In the case of enriched samples with 5
cowdung the total gas production was 20 1/kg dry matter whereas
in the case of effluents mixed with 10,. cowdung the gas pro-
duction was increassed to 30 1/kg dry matter. There was &
sharp increase in the output of gas to the level of 66.18 1/kg
dry matter when the concentration of cowdung was increased
to 20%. But the rate of total biogas rroduction was found
to be higher in the case of non-enriched effluents mixed
vith 10% and 205 cowdung (31.46 1/kg dry matter and 130.2

1/kg dry matter resnectively) than the enriched (Table 28),

The average methane content in the digester enriched
with urez was slightly higher than the non-enriched szmrles.
"Methane content of the biogas samples ottained from digester
with 5% cowdung and urea was to the tune of 42% and this wes
actually more than double the methane content of the samrles
from non-enriched (without urea), Methane content increased

by 3/ in both the enriched effluent digester containing 10
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and 20i cowdung (Table 28), compared to the non-enriched

effluent digester (Fig. 5.6).

c. Reduction of total solids and COD

The totel solids and COD in the enriched and non=-enriched
effluent samples containing different proportions of cowdung
decrezsed during biomethanation (Tarle 28 =znd rir, 5.7). 1In
the cese of enriched effluent mixed with 5. cowdung the per-
centoce reduction of totzl solids and COD was 12.17 znd 6.39
resrectively whereas the vercentage reduction of total solids
and CUL in non-enriched effluent samnles wos to the extent of
7.06 end 5.68 resvectivelyv. There was no significznt difference
in the percentage reduction of totzl solids and CCI when the
céncentration cof cowdung was increased to 10, in both enriched
and non-enriched samples. The percentage reduction of total
solice and COL in the enriched samples was 38.93 and 9.5
respectively, whereas in the non-enriched samples the percen-
tage reduction of total solids and CCL was 39.42 and 11,14
respectively., Similer trend in the percentage reduction of
totzl sclids was observed in both enriched and non-enriched
effliient samples mixed with 20 cowdung (41.24 and 42.58
res~ectively). But the COD reduction was much higher in the
case of non-enricked samples (62.5. as against 21.95% in

erriched samples).

L.¢.2. Semi=-continuous digestion of nrimary effluent of

cascrava starch fzctorvy in single stage dipgesters
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In semi-continuous biomethanztion of cassava starch
factory effluent, experiments were conducted to achieve
maximum output of biogas (yield) and reduction of total solids
with minimum retention time under natural conditions. From the
earlisr batch digestion experiments it was observed that the
rate of methane production was directly proportional to the
totzl gas output under mesophilic condition. Hence in these
semi-continuous digestion experiments only the quantitative
estimzation of the biogas was done. Fresh samples were added
periocdicelly which displaced same amount of digested sample
to mzintain the reactor volume censtant. Different feeding
rates in terms of COD were tried and the results obtained are

given balow

a. ~.if=zct of feeding 1,300 mg COD on the outnut of biogas

gnd so0lids reduction per litre of reactor volume at every

144 hy

Wwhen 20 ml of cassava starch factory effluent sample
(1300 m; COD) was introduced into the digester, there was an
outtut of 770 ml of biogas during the period of 144 hrs (Fig.5.8
Maximim gas production was obtained during the first 72 hrs
(650 m1) with a solids reduction of 48.2%. Another 24 hr of
incubztion could produce only 60 nl of gas with a corresponding
reduction of solids to 56.0%. The gas production was only 20 ml

and 10 ml on the fifth and sixth daysrespectively.
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The cumulative solids reduction on fifth and sixth dayswas
56.7% and 58.1% respectively (Fig. 5.9). There was no signi-
Iicant change in the pH of the digested materials during the
period of gas productioﬁ (Table 29) and the average pl was

measured as 8.65,

b, Effect of feeding 2,600 mg COD on the outnut of biogas

and solids reduction per litre of reactor volume at every
% hr

In this experiment the digester was fed with 40 ml

(2,600 mg COD) of cassava starch factory effluent and data on
total biogas production, changes in pH and reduction of total
sélids were collected (Table 30). Observations made during
24 hrs of incubation showed that there was 400 ml gas

production with 30.1% solids reduction. But the gas outonut
came down to 320 ml during the next 24 hrs of incubation. The
corresponding reduction of total solids was 38.45%.. The gas
output increased to 400 ml with a corresponding solids reduc-
tion of 49%: between 48 and 72 hrs. The rate of gas production
was found to be 160 ml on the fourth day of incubation and
reduction of total solids was 55.6%. The pH variation of the
samples of digester during the experiment was in the range of

8.45 to 8.38.

c, Lffect of feedine 5,500 mg COD on the ocutput of biogas

and so0lids reduction per litre of reactor volume at every

144 hr
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The gas production was greatly influenced by the increase
in the quantity of cassava starch factory effluent (Table 31) .
¥hen 100 ml (6,500 mg COD) of material was fed to the digester
at rocom temperature, the gas production was one litre during
24 hrs and the same trend in gas production continued during
the next 24 hrs also. There was a drastic reduction in the
biogas outrut between 48 and 72 hrs of incubation (450 ml) and

it reached to 40 ml after 120 hrs of incubation.

uring the first 24 hrs of anaerobic digestiorn, the
total solids reduction was only 15.0%. But slowlyv it has
increased to 24.0% during the next 24 hrs, between 48 hrs and
72 hrs L47.5%, between 72 hrs and 96 hrs 51.2» and between
9% hr and 120 hr 54.0%. There was a slight recuction in pH
in the veginning (7.67 ) of digestion and it gradually increa-

sed to &.35 after 120hr.

d. &ffect of feedinzg 7,800 me COU on the output of bioras and

solids requction per litre of reactor volume at every
9% kr

The digester was fed with 120 ml1 (7,800 mg COD) of

effluent and the gas output, pH and total solids reduction
in the dirfested material were determined simultaneously
(Table %2 and Figs. 5.8 & 5.9). The total gas production
during the 24 hrs of incubation was 1,080 ml and it increased
to 1,160 ml during the next 24 hrs. The gas outout on the
third ani fourth days was recorded as 460 ml and 500 ml res-

pectively. The corresponding reduction of solids in the
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effluent was accounted as 12.8s, 22.2%, 34.Tw and 46.0% during
24 s 48, 72 and 95 hrs respectively. The pH variation was
in the range of 6.83 to 7.6 during the digestion.

e. Effect of feeding 9,100 mg COD on the output of biogas and

= das r 3 WS

The experiment was started by feeding the digester with
140 m1 (9,100 mg COD) of starch factory effluent. In contrast
to the earlier results obteined from the semi-continuous di-
gestion of cassrav: starch factory effluent, the increase in
the amount of feeding meaterial, actually reduced the gas
produetion (Table 33). During the first 24 hra there was an
average gas production of 900 ml and between 24 hr and 48 hr
it was reduced to 720 ml. A gradual reduction was ohserved
on the subseguent pericd of incubation (610 ml and 400 ml
between 48 and 72 & T2 and 95 hrs respectively). -

During the first 24 hrs of incubation the solids
reduction was 11.5% and it increased to 16.3% during the
next 24 hrs and by 72 hr the reduction of solids was 32.6%.
When the experiment was stopped at 95 hr there was a recuc-
tion of 43.2i in the total solids. The pH was in the acidic

range throughout the experiment { 5.92 - 6.20),

The values of treated samples were considered to be significart
et 5. level if the celculated veluesare greater then the standerd
value, 2.571. The analysed results are given in the tables
presented in Appendix.
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Fig. 2.4 Microbial proliferation in primary effluent under
ambient conditions
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Fig. 2.6 Biochemical changes in cassava starch factory effluents

0.038

under ambient conditions

0.034
na3z2 4"

0.03 i\ §
a.nza -I\\ll'zl
a0z 4 4)
noza 4 4
n.nzz

0.02
.28 o
n.016 -
.14
061z

.01
0.008
0.008 -
0.004

1

1

L

1

L
=

Fig. 2.7

3 5 z a
Time (days)
o Primary + Secondary Effluent

Effluent

Biochemical changes in cassava starch factory effluents
under ambient conditions

L
Lot
1

3.2

3.1

1

T T T T T T T L ®
3 S 7 =]

Time (days)
o Primary + Secondary Effluent

Effluent



COD & BOD (g/1)

Fig.

3s

k)
0]

20

10

Ln

2.8 Biochemical changes in cassava starch factory effluents

under ambient conditions

-l

Time (days) 10

iSecondary Effluent
eCOD 4+ BOD

Primary Effluent
+ COD o BOD

30









Starch % (w/v)

Red. sugar % (w/v)

Performance of C. valxda G. candldum, C. utilis,

Fig. 3.1
2.3

*
2.8 4\,

gy 8
P

1

l

Tr——N N |
! .- ~\.

i
ay
)
|
¢
¢

Jf

0.4 - T~

/
ll

(S L t T T T T T T T T — 3
S 2G 40 g2 an 100 120
Time (bhr.) -

o C. valida + G. candidum e C, utilis, * E- fibuligere E. magnusi

Fig. 3.2 Performance of C. valida, G. candidum, C. utilis,
E. magnusi & E. fibuliger in Primary Effluent

0.08
1
i
q.a7 - ,--"::\-\
- | . / -, \..,\
i 5 . Y
| A -\‘\_\"x_
0.0€ = A ~
/ /
} rd
a.0s - ,
g ¢
I s "r
. H ,“ a"‘
.04 -1 ) /' 4
g
: '
603 \ S
-L '\" ’/
. /
R N4
O-G.'., ! /,‘ ‘\‘-‘(
.V
£ Ty
aot 4,/ = :
1,7 \,‘:;;p_. .
i
O i L{ L T ] L{ Lf
8] 20 40 -14]
Time (hr)
a

C. valida *+G-: candidum e C. utilis ' 4 E. fibuligers E. magnusi




Cell count (N x 10 /ml)

Biomass Protein % (w/v)

94

Fig. 3.3 Performance of C. valida, G. candidum, C. utilis,
E. magnusi & E. fibuliger in Primary Effluent
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Fig. 3.5 ~ Performance of C. utilis, & E. fibuliger in
Secondary Effluent
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Co-culturing of C. utilis ‘and E. fibuliger & C. utilis

Fig. 3.9 and E. ma@us in anary Effluent
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Fig. 3.11

Co-culturing of C. utilis and E. fibuliger
in Primary Effluent
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Fig. 3.13 Co-culturing of C. utilis and E. fibuliger & C. utilis
’ and E. magnusi_in Primary Effluent
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Fig. 3.15 Co-culturing of C. utilis and E.fibuliger in non-enriched

Q.2
0.19
a.1a
017
.18
n.13
.14
a.13
012
a.11

a1
0.08
G.ad
a0.4a7?
0.a8
0.4as
0.04 4
.13
0.4z
.01

4
4

and enriched Secondary Effluent

‘\

a

k\\ﬁ
— '\

F -

4]

T T T T T T
20 40 -0}

Time (hr)
(non-enriched )

T T
100 120

a

+ (enriched )

Fig. 3.16 Co-culturing of C. utilis and E. fibuliger in non-enriched
and enriched Secondary Effluent

0.G6

.fﬁ

\
0.08 - /' '
n.a7 - .-'f
]
0.08 - /
I" \
n.05 - /
0.04 il _ N \\
N /
a.03 . i
0.a2 l"ﬂdﬁ }K‘ \
a2 "‘\ \ \
U
0 L 1 T { L] I | 1 T T i 4 *
o 20 4D 80 a0 100 120
Time (br) .
o (non-enriched + (enriched)



.Cell count (N x 106/m1)

Biomass Protein % (w/v)

101

Co-culturing of C. utilis and E.fibuliger in non-enriched

Fig.3.17 and enrlched Secondary Effluent
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Fig. 3.22 Co-culturing of C. utilis and E. fibuliger in Primary Effluent
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Fig. 3.24 Co-culturing of C. utilis and E. fibuliger in Primary Effluent
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Fermentation of enriched and non-enriched cassava starch

factory waste with A. nipger
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F ermentation of enriched and non-enriched cassava starch
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Fig. 5C Digester for biogasification of Cassava starch factory
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Biomethanation of cassava starch factory effluent

Fig. 5.4 in batch digesters
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Fig. 5.5 Biomethanation of cassava starch factory effluent
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Biomethanation of cassava starch factory effluent
in batch digesters

Fig. 5.6
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Biomethanation of cassava starch factory effluent

Fig. 5.7
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Total gas production in litre

Total solids reduction 9%
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eitluent
Fig. 5.8 Biomethanation of cassava starch factory,in
semi-continuous digesters
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Tabile= 1 PHFSTCO-CHENICAL CHARMRCTERISTICS OF CASSAVA STARCH FACTORY EFFLUENTS
EnrrcrscrrsrEanrzEraashiEEl LES L ERT LR TR a4 FEETRAT L RERE ]
EFFLUENTS iF LARGE SCALE STARCH FACTORY
""" B FRIMART EFFLUENTS CTUUGECOMDARY CRPLUENTS
i . E | i i k4 | &

w320 LT &b LT LY 4% L] &.7 4.7
W 35105 1544 1.2 i &2 1.9 1.2 3.4 9.4
LT
SEMOED SHLIDS 13.8% .2 k5 T | n 1.234 R 2.25 & 078
I||'I'I
AN ZARLE SUGAR 2T £g.&1 .41 29.28 1.46 f.12 1.%2 2.7
5 ANEE
[prld
IEL SED 1NG * e A 78 1.8% L7 T 138 2.0
REAR A5 5LLI05E
['ﬂl
FifaL miTECGEM 108 T 13 . 182 07 S 077 <08k
Tgrle
(2 H0.&1 8. 22 &3, LN &, 15 1.4 &:03 12.08
[grla
i3 13.4 11.2 14.0% 163 L 4.k & T.0%
Illi_-

IS J— '

1234 = Samples colleched al difForenl Cimings




Table 2

PHYSICO--CHEMICAL CHARACTERISTICS OF CASS5AVA STARCH
FACTORY EFFLUENTS

DT R e g ep————
SRS RS S =S T ST T L L L S NS S S DS T oSS oSS oSS ST =S=SSZZ===== ===

I 2 3
pH(+0R-0.2) 4.5 4.6 4.7
TOTAL SOLIDS 4 5.2 6.6
(q/1)
SUSPENDED SOLIDS 1.87 2.32 2.96
(g/1) ,
HYDROLYSABLE 1.59 2.34 3.02
SUGAR AS GI.UCOSE
~{g/1)
FREE REDUCING .64 .97 2.075
SUGAR AS GLUCOSE
(g/1)
TOTAL NITROGEN .0&5 .0468 .074
{(g/)
coD 4.87 6.8 ?.6
{(gq/1)
BOD 3.87 4.76 &.02
(g/1)

1,2,3- samples rollected al different timings



Table 3
MICROBIAL LOAD OF THE CASS5AVA S5TARCH FACTORY
EFFLUENTS

SAMPLES BACTERIAL ACTINO MOULDS YEAST

COUNT MYCETES COUNT COUNT
COUNT
(NX10"5 (NX10"3 (NX10"5 (NX10"3
/ml} /ml) /ml) /ml;}
| 5 3 20 .2
z 10 10 17.5 14.73
3 7 .7 3.6 0
4 3.45 1 20 3.1

1,2,3,4-Samples collecled at differenl ltimings

Table 4
MICROBIAL LOAD OF THE CASSAVA STARCH FACTQRY
EFFLUENTS

TS S S S S A S ST S S ST S SN RS RESE=ES ST ES s EE=EEEsESEs

- e i = e e R e = m N — m e M = o = =R e = = e - e —

SAMPLES BACTERIAL ACTINO HMOULDS YEAST

COUNT MYCETES COUNT COUNT
COUNT
(NX10"5 {NX10"3 (NX10"5 (NX10"3
/ml) /ml) /ml) /ml)
I 199.5 2 1.7 28.88
2 400 3 1.6 13.13
3 385 1.7 2.7 30
4 273.88 1.56 2.5 12.08

1,2,3,4-Samples collected al differenl Limings
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Table 5
MICROBIAL L QAD QOr THE CASSAVA STARCH FACTORY
EFFLUENTS

- R i e e Yk R e

SAMPLES BACTERIA ACTINO MOULDS YEASTS

COUNT MYCETES
COUNT .
(NX10"5 (NX10"3 (NX13°5 (NX10"3
/ml)} /ml) /ml}’ /ml)

[ iI0.5 2 15 3%
z 15. 45 1.5 4 26.3
3 5.5 2 29 12
4 12.3 1.2 33 29

1,2,3,4-samples collecled at different timings
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Table 6 Morpholr ical grping of bacteria, yeasts

& fungi
Microorganisms YT liwas y Secondary Secondary
(large- (large- (small-
scale) scale) scele)
Bacte:

Gram-positive cocci - + -
Gram-positive rods + + +
Gram=-negative

coccobacilli + + +
Gram-negative rods - + +
Spore formers + + +
Hon-spore formers + + +

Fungi
Aspergillus + + +
Penicillium + + +
HMonocillium - + -
Humicola + - -
Unidentified + + +
TS

candida valida + + +
Geotrichum candidum + + +
Unidentified + + +

+ Present

-~ Absent
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Table 7
BIQCHEMICAL CHANGES OF CASSAVA STARCH FACTORY

EERrECAREE SR CEC RS IR SN IR E S SRCrANCSUECSEEESCRETESAKTISSSSIST

PRIMARY EFFLUENT AT AMBIENT CONDITIONS

R SRR RIS IR RN E S S E I ERUOEE R ST S RS E SRS SR ESSEE=S =T

INCUBATN REDUCING AMYLASE cob BOD pH
TIME SUGARS ACTIVITY(g/litred(g/litred)(+/-.2)
(XW/V)(Bp.acti-

vity)

4 .036 D0.00 14.71 37.20 4 .40
2 015 Y 3.90
3 013 .86 3.85
4 .D11 .96 3.70
S .01 .76 _ 3.50
6 .009 42 3.30
7 .01 .33 ) 3.20
8 .009 Y 3.20
b4 .007 =45 3.00
10 .008 .30 15.34 35.30 3.00

Table 8

BIOCHEMICAL CHANGES OF CASSAVA STARCH FACTORY

===:‘.===========“.'=======ﬂB‘========I-==========‘S==========

SECONDARY EFFLUENT AT AMBIENT CONDITIONS

.$======I=-.-====-8=.-I==================8========‘===========

INCUBATN REDUCING ANYLASE coo BOD pH
TINE SUGARS ACTIVITY
{DAY) (4W/V)(sp.acti-(g/litre)(g/litre)(+/-.2)
vity)

-------- 1 .031 v} 3.95 3.57 4.5
2 .016 A2 . 4.2
3 .01z .73 3.8
4 .01 45 3.7
5 .017 .95 3.7
& .01t .35 3.6
7 .005 .52 3.5
a .0D>5 B2 3.6
9 .004 .35 3.7
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Table 9 EFFECT OF GRAVITY SETTLING ON SECONDARY EFFLUENT

Solids BOD COD

(% w/v) (g/1it.) (g/1it.)
Initial 0.46 3,80 4,26
After settling 0.27 1.96 2.15

Table 10
MICROBIAL PROLIFERATION IN THE C.S5.F.PRIMARY EFFLUENT UNDER
AMBIENT CONDITIONS

INCUBATN BACTERIAL YEASTGS MOULDS
TIME COUNT COUNT COUNT
(DAY) (NX10“6 (NX1D"6 (NX1076
/ml) /ml) /ml)
SRR T
£ w{E 4.00 .30

3 .90 30.00 2.10

4 g.10 39.40 4 .60

5 24 .30 54 .40 8.70

6 27.80 82.00 18.55

7 2946.60 100.10 10.20

8 400.00 93.64 15.00

9 600.05 97.00 10.80
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Table 11
MICROBIAL PROLIFERATION IN THE C.S.F.
SECONDARY EFFLUENT UNDER AMBIENT CONDITIONS

INCUBTN BACTERIAL YEASTS MOULDS

TIME COUNT COUNT COUNT
(DAY) (NX10"6 (NX10"& (NX10"4A
/ml) /ml) /ml)
T 0.0 z.a Los
2 30.40 4.50 30

3 40.50 40.00 .39

b 65.00 110.00 2.02

5 75.00 120.50 4.00

& 30.50 180.00 3.95%

7 230.00 2992.98 2.30

8 270.00 491.79 1.00

9 442.36 339.80 2.00

10 500.00 310.00 i.82

Table 12
PERFORMANCE QOF C.valida IN THE C.S.F. PRIMARY EFFLUENT

- - — - = W = g MW M M Wm e e m Am =S = e e

TIME STARCH RD.SUGAR CELL NO BIOMASS
(HR) (Zw/v) (Zw/v) (NX10°6 PROTEIN
/ml) (Lw/v)

N 0 2.23 .016 21.2 .065
24 2.19 .0as 30 .096

48 2.13 .00a 50.7 103

72 2.11 .006 42.3 102

96 2.08 006 3b6.2 .0as8



Table 13 .
PERFORMANCE OF G. candidum IN THE C.S5.F.PRIMARY EFFLUENT12d

e e . e Em Ee e T G e e e D E S e A R S B A e e e e We Ge we R SN En ER S E R A e me G G S A e e e S e

TIME ESTARCH RD.SUGAR CELL NO BIOMASS
(HR) (%w/v) (Aw/v) (NX10" 6 PROTEIN
/ml) (Lw/v)
0 2.34 .03 54 .35 .13
24 2.23 .01 81.10 17
48 2.13 .01 95.38 17
72 2.05 01 101.00 18
96 1.94 01 97 .00 17
120 .01 101.25 .17

Table 14

PERFORMANCE OF C. utlilis IN THE C.S.F.PRIMARY EFFLUENT

TIME STARCH RD.SUGAR CELL NO BIOMASS
(HR) (%w/v) (Zw/v) (NX10° & PROTEIN
/ml) (4w/v)
0 2.3 0632 13.96 043
24 2.25 co9 33.29 084
4LE 2.25 poe 59.9 103
72 z2.25 .0Qe 64 .58 .107
96 2.23 008 53.24 1
120 2.22 .007 54.6 101

Table 15
PERFORMANCE OF E.fibulioer IN THE C.S.F. PRIMARY EFFLUENT
TIME STARCH RD.SUGAR CELL NO BI1OMASS
(HR) (Zw/v) (Zw/w) (NX187 & PROTEIN
/ml) (Aw/v)
0 2.38 013 55 03
24 1.24 052 2.03 .04
48 .95 .Q75 16.50 g6
72 &2 061 60.00 .13
S6 51 .038 B4.54 17
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Table 16
PERFORMANCE OF E. magnusi IN THE C.S.F. PRIMARY EFFLUENT

R T N T o T C o o o o o = o o= o e e A e e e e e e T e o e e e o . = e = e A o - — -
e R e - - A N § N

TIME STARCH RD.SUGAR CELL NO BIOMASS

(HR) (Yw/v) (Zw/v) (NX10"° 6 PROTEIN

/ml) (Zw/v)

a 2.74 006 40 02

24 1.97 035 6.52 .03

48 1.469 071 8.30 05

72 1.48 as7 44 .25 12

96 96 033 80.00 .15

120 Q2 .021 89.94 16
Table 17 .

PERFORMANCE OF C.uytilis IN THE C.S.F.SECONDARY EFFLUENT

TIME STARCH RD.SUGAR CELL NO BIOMASS

(HR) (ZLw/v) (%w/v) (NX10" & PROTEIN

/ml) (Yw/v)

0 19 025 27 .36 pas

24 .18 .015 320.06 206

48 18 011 341.25 208

72 .18 0as 375.00 213

Tahle 14
PERFORMANCE OF C.utilis IN THE C.S.F.SECONDARY EFFLUENT(Non-enriched)
TIME STARCH RD.SUGAR CELL NO BIOMASS coD
(HR) (Zw/v) (Zw/v) (NX10"6 PROTEIN
/ml) (Yw/v) (a/1)
0 19 03 27.5 .088 6.55
24 18 g2 230 . 182 3.16
48 18 015 272.88 187 2.85

- e - e e e e e e e e o e e e e e e T = e n SR e o A e e = e MM W A A = e M o M T e = M e = - = -
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Table 19
PERFORMANCE OF E.fibuliger IN THE C.S.F.SECONDARY EFFLUENT
TIME STARCH RD.SUGAR ) CELL NO BIOMAZS
(HR) (%w/v) {(Xw/v) (NX10" & PROTEIN
/al) (Lw/v)
0 .19 .025 38.37 096
24 13 .013 345 .177
48 .1 D11 375.72 .182
72 107 .00a 349.55% .193
Table 20
PERFORMANCE OfF E.fibuliger IN THE C.S.F.SECONDARY EFFLUENT(Non-enriched)
===================================‘-===========:=======:============:====
TIME STARCH RD.SUGAR CELL NO BIOMASS coD
(HR) (%w/v) (w/v) (NX10" 6 PROTEIN
/ml) (Aw/v) (g/1)
D 19 .035 38.42 .0%6 b.54
Chu 14 .023 112.2 .161 3.41
48 .12 019 335 .176 2.85
72 .12 .01 290 .175 2.54
Yable 21
CO-CULTURING OF C.utilis and E.fibuliger IN THE C.S.F.PRIMARY EFFLUENT
EE S S ES TS R TS S CS SN E E E SE N rNT E EF EETCoCI S SRS S S S S T TN T TS S S S S S TS SXEEOTESTISZISESES===
TIME STARCKR RD.SUGAR CELL NO CELL NO BIOMASS coD 80D pr
(HR) (Zw/v) (hw/v) (NX10" 6 (NX1D0"4& PROTEIN
/ml) /my) {hetv) tg/1) tg/1) (+/~.2)
C.utalis E.fibyli~-
ger
0 3.23 [2)) 39.54 37.01 13 68.29 20.8z2 4 80
24 2.06 166 76.66 48.05% .203 9.46 7.35 . 4.10
48 1.82 .58 219.80 127.00 246 12.20 14.03 3.10
72 1.76 .204 204.50 122.50 271 1D0.28 7.01 3.0
24 1.66 255 288.00 132.00 295 7.42 5.47 3.49



Tahle 22
CO-CULTURING OF C.utilis and E.magnusj IN THE C.5.F.PRIMARY EFFLUENT

R RN EC R S EEEE S CE R E N IO E XN E S EEE TN C R ErERRICEE S =S ECACESLCEECRCCEEZEZCEEEER

T1NME STARCH RD.BUGAR CELL NO CELL NO BIOMASS coD BOD pH
(HR) (%w/v) (hw/v) (NX1D" 6 (NX10°4& PROTEIN
/wl) /ml) (Xw/v) (g/1) (g/71) (+/=-.21)
C.utilis E.magnusi
o 3.25 .051 39.95 .59 061 68.35 20.145 4 .90
24 3.20 .D18 82.25 .75 .093 3.86 3.64 4 .55
48 3.18 .008 112.53 .83 .122 3.92 4.25 4,158
72 3.16 .008 95.%0 .90 .113 4,064 3.8¢6 4.50
L) 2.45 145 133.74 6.6%9 134 9.25 8.4D 3.90
120 1.66 .811 85.40 8.67 .11 14.45 12.20 3.35
Table 23
CO-CULTURING OF C.ulilis AND E.fibuliger IN THE C.S5.F.SECONDARY EFFLUENT
:===============;z========:=:=======xz=========z=========:=================z:x
TIME STARCH RD.SUGAR CELL ND BIOMASS CcoD
{HR} (Aw/v) (Lw/v) (NX40" b PROTEIN
/al) (w/v) (g/1)
] .20 .047 6%.36 15 6.6k
24 14 024 365.00 26 2.45
48 .12 011 2556.00 .27 3.22
72 .10 .008 360.03 .27 2.35
Table 24

CO-CULTURING OF C.utilis AND E.fibuliger IN THE C.5.F .SECONDARY EFFLUENT

(Non-enriched)

EEE=SSER==EXrX2E=== =========:‘=========:==‘::===========================I==
T1ME STARCH RD.SUGAR CELL NO B10OMASS coD

(HR} (4w/v) (Zw/v) (NX10° 6 PROTEIN
/ml) (dw/v) (g/1)
8] .2 ,023 70.68 . 148 b.b4
24 .19 .028 320 .21 3.58
48 .15 Dza8 375 .218 3.53
72 14 g1% 2&0.5 .237 .74
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Table 25
EO-CULTURING OF C.otilis AMD E.7iigliger IN THE C.S.F.PRIMARY EFFLUENT UNDER
CONTROLLED COMQRTIONS
SIS ACEEITISIEIER IR NEARE R RN TR FET TR T T IS ST T I NI T AT T o R AN R AN RE
TimE CTARCH RED.ZUCAR COW 800 E.7 GOl f.o CELL Rid™A55 BI0MASS
Gl h (Ta/U) (IR dgflEteed (g bakeelCRNT Ceull FEATEIM FROTE[N
INI1G°E  INTAGCE (Iwfal  (Saied

iull fallk
—IH']-' L8 5
L} 1.92 037 I1.42 1.2 24.23 0878 3.13
L] 1.83 Y 2.52 1.6 &bl 15535 335

o8 1.483 017 2.%2 1.4 7% 1hE3 B3R T.&R
L] 1.3 015 B.53 .7 TS 12733 2737 0.1
12 « Bt b1 ] 1.8 10382 166,37 13 1.8
i kb 035 &1 .7 1173 e AT .2

20 A3 0t 3R R IR BER.EZ LMY WLBS
2] A 3 2 L2 e 3 g
] - A1 L L 4 AT 30T 2.y

E 4 00 1.9 108 2W.T3 A W
% .38 G0 2.9 L3 L2 s MM 2L
‘0 AT 01 243 203 mA TS L5109 LM
&5
[T

L « 0% ] i 23607 1104 LE 2.8
.32 « 04 2.7 1.26 234,37 1027.3 40046 21,92
52 -2 « D08 2.7 .25 2L 1083.37 J5ETR R1L.BY
h 1] «007 2. 14 3 26837 DT AT 21.7
&0 s | 0k .32 1,18 78,3 W77 A1 B.m2
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Table 26
BI0 CHEMICAL CHANGES IN THE ENRICHED-CASSAVA STARCH FACTORY WASTES

QURING THE GROWTH OF Asperqillus niger

INCUBATN STARCH RED.SUGAR ANYLO  ENDOGLU.  EXTRA BIOMASS  TOTAL M
TIHE AS GLU. AS GLUCOS. GLU.ACT ACTIVITY CELLULAR PROTEIN AMYLASE 4/-0.2
(HR) (IW/V) (WL (Spaacti- (TW/V) (TW/V)

vily
0 56.83 .004 0.00 0.00 J82 1.8 0 5.4
2 53.9 13 5.9 8.35 973 3.2 005 45
48 41.85 252 24.82 2.8 2.2H4 6.1 01 34
2 33.145 A0k 8.77 £33  2.505 7 J08 34
9 14.35 083 1.88 6.06 2.202 1.2 .002 3
fa0 13.08 .039 1.3 6 1.844 1.7 .04 3

= - —

Table 27
BI0 CHEWICAL CHANGES IN THE NON-ENRICHED CASSAVA STARCH

FACTORY WASTES DURING THE GROWTH OF Asperqillus niqer

INCUBATN STARCH  RED.SUGMR  ANYLO ENDOGLU  EXTRA BIOMASS  TOTAL [
TINE AS GLU AS GLU  GLUCOSI--ACTIVITY CELLULAR PROTEIN AMYLASE (+0R-0.2)

Cogt €0SE ASE ACTI- PROTEIN
{hr) (Tw/w)  (Le/w}  VITY(I.V) (Iv/w)  (Tu/w)
0 58.4 .00 0.00 0.00 373 1.1 D 3.4
24 54 .059 4.5 11.584 49 2.4 0 1.4

4 54.43 093 1645 16,67 1.23 .2 - .00 2.9
72 3.3 188 9.4 10,33 t.827 3.7 003 2.83

94 26.1 238 2.03 1336 1.426 3.6 003 2.8%

A

120 23 39 .19 17 1.468 1.7 0 2.8%




Table 28

BICHETHENATION OF CASSAVA STARCH FACTORY EFFLUENTS (C.S.F.E) IN BATCH DIGESTERS

SPAN OF GAS  AVERAGE
AS PRODUCED METHANE
PRODUCTN (1/kg dryCONTENT
(DAYS) aatler) 1

TOTA
50LI
REDN

1

L
05

INITIAL
(op
{q/1)

FINAL
ib)]
(g/1)

129

0D
REDN
g/1)

{.5.F.E+52
{ONDUNG+UREA

(5. FLE45)
CONDUNG WITHOUT UREA

.5 F.E+101
CONDUNG+UREA

(.5.F.E+101
(0WDUNG WITHOUT UREA

(.5.F.E¢207
CORDUNG*UREA

t.5.F.E4201
CONDUNG

LONDUNG

(OWDUNG+UREA

10 20
b 1.58

20 30
29 31.4b
34 66.18
68 130.2
15.7%

59.64

58

53

62

59

INITIAL fINAL

TOTAL  TOTAL

S0LIDS SOLIDS

1 1

§.22 1.22
§.22 7.64
8.22 5.02
8.22 4,98
8.22 4.83
8.22 4.72

12.17
7.06

38.23

39.42

41.24

£2.58

§5.12

64.8

b4

63.2

b4

60,76

61.12

57.92

56.16

54.2

24

8.5

11.14

21.95

i e 1 e 8 o i P e 0 e e e o Y P o i o = e = B et e = o e R R = N e
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Table 29 Direstion of cessava starch factory efflucnts

in a semi-continus < digester

Incubation Gas out put . Total =sclids
time (1/1 of S reduction
(hr) reactor volume) ‘I 0.2) (so)
24 0.26 8.70 26.00
48 0.28 &.60 55.90
72 004 8.60 L8,20
90 0.06 €.58 56.0%
_ 120 - 0.02 E.60 56.70
144 0.01 8.62 58,10

Feeding rate of 1,200 mg CCD per 144 hrs

Teble 30 bigestion of casszavs stzrch faclory effluents

in a _semi-continuous digester

Incubstion Gas out put " Total soliide
time (1/1 cf (+ gjﬁ) redinticon
(hr) recctor volume) = U°F (5ed

24 QL0 .47 301
48 0.32 8.L3 384G
72 0,40 8.40 49,00
96 0.16 §.38 55.60

Feeding rate of 2,600 mg COD per 96 hrs
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Table 31 Digestion of cassava starch factory effluents

in a semi-continuous digester

Incubation Gas out put Total solids
time (1/1 of (+ 8?2> reduction
(hr) reactor volume - (45)

24 1.00 7.67 15.00
48 1.00 8.16 24,00
72 0.46 8,18 36.50
96 0. 44 8.33 47.50
120 0.12 8.35 51.20
144 0.04 8.30 54.00

Feeding rate of 6,500 mg CUD per 144 hrs

Table 32 Dizgestion of cassava starch fagctory effluents

in & semi=continuous dipester

Incubztion Ges out ~ut

' L pH Totel sclicds
?i?? ﬁiéitg; volume (i 0.2) redu%%%on

5l 1.08 6.83 12.80

48 1.16 7.5 22.20

72 0.L6 7.20 34.70

% 0.50 7.60 46.00

Feeding rete of 7,800 mg COD per 96 hrs
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Table 33 Direstion of cassava starch factorv effluents

in a semi-continuous digester

Incubation Gas out out - Total solids
time (1/1 of (4 g 2) reduction
(hr) reactor volume ‘= °° (35)

24 0.90 5.92 11.50
Lg 0.72 5.84 16.30
72 0.61 6.00 32.60
120 0,40 6.20 43,20

Feeding rate of 9,100 mg CCO per 96 hrs
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DISCUSSION



5. DISCUSSION

Discharée of effluents from cassav~ starch fzctories
will le::d to perpetual noliution of the environment unlecs
effcctive methods are developed. The conventional methods
of organic waste treaztments are energy intensive zna hence
economically unattrective. There are many approaches to
reclaim energy from waszte materials. The present approach
is a study of how the energy concerved in the organic waste
is transformed into valuable protein znd methene by micro-
organisws, Initially, eiperiments were carried out to under-
stand the physico-chemical nature of primary and seconday
effluents from a large-scale siarch factory (Figs. 2.14 and
2.1B) and secondary effluent from a small-scele starch factory
cince these are the major kinds of effluents constantly nollu-
ting the environment (Figs. 24, 2B, 2C and 2D). Observ:ztions
were made to assess the rate of degrazdation of the org=mnic
matter under ambient conditions. Studies were further undér-
taken to convert the effluents into microbial biomass and
methane. The results obtained after svstematic study of the
effluents and its eerotic and anserobic itreatimentis are discusced

in the present charter,

5.i. Physico-Chemical and Microbiolosical Characteristics

of Cassava Starch reactory Effluents

Analyticel datz shovn 1in Table 1 and 2 of the cassava

starch factory effluents indicate the presence of high pollu-
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‘tion load (COD and BOD ). The large amount of starch (more
than 50 percent of the total solids) shows the possibility of
its degradation/utilization with emylolvtic micro”organisms.
Subramanyan et 21. (1956) have also reported the presence of
56% (w/w) starch in the dried waste of tapioca starch factory.
Free recucing suger present in all primary and secondary efflu-
enws 0ol a small-scale starch fcoctory can serve as the immediate
carbon source for micro organisms to favour their growth in the
effluents during the course of discharge. The content of redu-
cing sugar in tiese effluents analysed ranged from 0,043 to
0.208% (w/v). This is considerably lower than the values
reportesd by Thanh and Mé}%?g)found 0.08 - 0.4! (w/v) reducing
sugar in the effluents of S. R. Tapioca Ltd., Thailand. Extre-
mely low content of nitrogen observed in both rrimary and
seconcary effluents indicates the necessity of enrichment
during the microbial treatmert. The effluents were also found

T0 b

(6]

acidic. The presence of prussic acicé (hvydrocyanic acid)
released during the process of extraction of ctzrch has been
revorted (inight, 196¢9}. The test for hydrocvanic eﬁid in the
frech samvles of effluents using sodium vicrzte indicetor paper
was positive. HRemarksble vorietions in the characteristics of
the effiuent samvles at different times of collection were alst
observed in both primary and secondary effluenis of lerge-scale

and secondary efiluent of smelli-scele starch factories,

The tables 3, 4 and 5 on the microbial charact.ristics

reveal thet the effluents harboured a heavy loai of becteria,
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yeasts, moulds and actinomycetes right from the beginning of

its discharge (Manilal et al., 1583). In the secondary effluet,
yeast population (13.13 x 103—50.0 x 103/m1 in large-scale and

12 x 103-35 X 103/m1 in small-scele factory effluents) and bacteri-

5

al population (199.5 x 107=400 x 105/m1 in large-cscale and 5.5

5

X 107=15.45 x 105/1111 in small-scale factory effluents) were

founcd to be higherdvhen compared te thie primery effluent (yeast

3—1#.75 X 103/m1 and bacteria 0.7 X 105—10.0 b's 105/m1).

1.2 x 10
Availability of more free reducing suger in the secondary efflu-
ent and large retention time (more than 24 hrs) in the setiling
tanks mizht have promoted the growth of yeasts and bacteris
before discharge to the environment. High coliform bacterial
count was observed in all the samples tested (> 1600/100 ml).
Compared to gram positive, the gram nesative bacteria were fever
in the case of all the samples. Both spore forming and non-spore
forming bacteria were found (Tatle 6). During the isolation of
microorgenisms, verious orgenisms were idertified viz, Candidae

(Fiz. 3s) Geotrichum (Fir~. 3B) Zaccharomyces, Aspergillus,

Penicillium, Fusarium, Rhizopus, rionocillium and Humicola in

the primary and secondary effluents ol casseve starch factory.

Candida valida wes found to be the predominant yezst in thecse

effluents.

5.1i. llicrolisgl troiiferaticn anc —iochemical Changes in

the Cassava Starch Factory oifluents Under Ambient

Conditions

Microbiological and biochemical changes of cassava



starch factory effluents were studied at different days of
incubation at ambient conditions. The presence of 1large

number of microorganisms in the effluents was discussed earlier.
The establishment of heterotrophicfrganisms has been revorted

in the agricultural and carbohydrate wastes (Loehr, 1974). A
gradual increase in the microbial count was observed in the
.cassava starch factory effluents (Tables 10 and 11 & Fig. 2.4)
during incubation at ambient conditicns. FPresence of assimi-
lable carbohydrates and degradable org=nic matter in the efflu-
ents promoted the growth of microorganisms. Suihko and Drazic
'(1983) have revorted the growth of wide spectrum of micro-
organisms in water containing the orgnnic matter. The genetic
quality of heterotrophs to liberaie extracellular enzvmes anc
their abiility to suvsist on organic comn»ounds have beern reported

(Hamer _e_ia a_l', 1985)0

In the primary effluent, a decline in the growth oi
yeasts ang moulas appeared by 7th and 8th day respectively,
But the maximum number of bacteria was found on the 9th day of
incubation (600 x 106/m1), and on the 10th day it hed declined
to 495,6 x 106/ml. Normally shifts in the microbial species
and activities in waste treatment svstem occur due to the
changesin the environmental conditions sucn as temvperature,
pH, avsilable dissolved oxygen, ultimate hydrogen accevtor or
availeble food (Loehr, 1¢74). Results obt:ined showed that
sgne of these environmental factors might have profoundly

influenced the growth and thereby degradation of orgznic matter
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in the primary effluent. The easily assimilable free reducing
sugar was readily utilized and it had reduced to a negligible
amount by the 8th day (Table 7 and Fig. 2.6). Depletion of
free reducing sugar perhaps favours the hydrolysis of starch
and cellulose present in the effluents. The absence of cellu-
lase activity till the end of incubation precluded the possi-
bility of cellulose breakdown to glucose, In the primary
effluent, the amylase activity slowly increased from the begin-
ing of the first day to 0.96 (specific eactivity) on the &4th
‘day, and thereafter the activity decreased (Fig. 2.5). This
again showed thet in the primary effluent the production cf
sugzrs from starch was diminished after 4th day of incubation.
Lack of sufficient nitrogen in the eifluent might be another
factor retarding the organic matter degradation by the organisme.
Kapid utilization of aveilable dissolved oxygen by the large
number of heterotrophs ana keeping the elfluent without acration
and agitation (under ambient conditions) might have easily legd
to anaerobic conditions for the development of acidity as indi-
cazted by the low ph of 3.5Iby the 5th day, and the decreacsing
trend continued thereafter {Fig. 2.7). Under anaerobic condi-
tions, the formation of organic acids such as formic, =acetic,
vropionic and butyric acids, in addition to some slcohols,

by the incomplete oxidation of glucose, was reported by

Turton et al, (1983) and bartmanis and Gatenveck (193L). The
13wering of pH of the effiuent demonstrated the development

of acidity and at the acidic pH range prevailing in the
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effluent towards the laiter periods, the activities of enzymes

like amylase, amyloglucosidase, etc. will be retarded.

The nepligible reduction of COD (5%) during 10 daw
showed the poor degradation of organic matter under ambient
conditions. According to Joubert and Britz (1986), the pH
itself has a profound influence on the hydrolvsis ol substrates
as evidenced by & reduction in the bacterial activity to the
extent of 85 within 3 days at low pH (less than 3.2). There
was a slight increase in the BOD (4.40) of primary effluent
during incubation under ambient conditions (Fig. 2.8). This
might be due to ths accumulation of more dissolved comnounds

by the metabolic activity of microorgzanisms.

Significant reduction in the Bl and CO (46, and 359
respectively) was found in the secondary effluent (Tzble 8)
which contained less organic solids during 10 days of incuba-
tion in contrast to itite primery eflluenrt. Degr:-daticn of
organics as indicated by the accelerated growth of btacteria
and yeasts could be the cause of the reduction in BOL and
COD. Appreciable grewth of moulds could not be observed in
the secondary effluents perhaps because of their slow growing
characteristics, and the possible suppression of their zrowth
by the overgrowth of bacteria and yeasts. There was prolonged
amylase activity whichk again supported the increased microbial
acEivity. A similar effluent, tapioca starch separator waste,

when subjected to treaiment in the faculistive ponds after
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enrichment (COD:N:P =100:20:1) removed 40%and 47% BOL during

5.52 and 9.25 days respectively (Udin, 1970 and Yothin, 1975).

The slow digestion of the effluents under ambient con-
ditions emphasises the reguirement of artificial means of treat-
ments and enrichment of fhis carbohydrete-rich waste having low
nitrogen. Nemerow (1978) has discussed the retardation of
microbial growth under inadequate quantity of nutrients such

as nitrogen and phosvhorus during waste treatment.

The grevity settling exveriments of the solids in the
secondary effluent were found effective to serarate 41,3
total solids, and thereby to cause a reduction of 48,4230 BOD
and 49,53% COD of the effluent (Table 9 and Fir, 2.3). The
figure 2.2 shows the poor settling of solias in the primary

effluent of cassava starch factory.

5.iii. Suvperged Fermentatiocn of Cassava Stzrch Fsctory

Effluents with Yeasts and Yeast-like Organisms

for the Producticon of 3ingle-Cell Protein

Utilization of inexpensive carbon sourcss, especially
agro-indusirial wastes, for single-cell protein production
has been the interest of many investigators recently. Senez
(1984) has stressed the obvious importance of protein enrich-
ment of starchy and lignocellulosic wastes for the developing

countries, The present study was started with a view to
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con#ert easlly decomposable carbohydrates of cassava starch
factory effluents into microbial biomass and for the subsegquent
reduction of pollution load of the effluents., Only yeasts and
yeast~like organisms were selected for these studies (Figs. 34,
3B,3C,3D & 3E) because of their established acceptance in the
food and feed industry. Growth pattern of the cultures was
studied by measuring free sugars, starch, cell numbers and
total biomass protein., Co-culturing of C, utilis and E. fibu-
;ngg was found to be efficient in removing COD and BCD with

appreciable production of valuable SCP,

The performance of C. valida in the primary effluent
showed its ability to utilize the free reducing sugar at a
fester rate (Fig. 3.2). During 120 hrs of incubation there
was a negligible amount of starch assimilation (0.19%).
Generally the starch assimilation of Candida yeast was not

significant except in the case of strains like C. tronicelis

(Azoulay, et 21., 1980). It is evident from the results
given in table 12 and fig. 3.4 that there was no biomass
protein procuction or increase in cell numbers of C. valida
after 45 hrs, The depletion of easily assimilable carhon
sources could be the main reason for the poor growth of the

organism.

Results of the fermentation of primary effluent with
G. candidum presented in table 13 shows similar pattern of
J. Calicilauim

growth as observed in the case of C., velida. In the case of
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G. candidum also there was poor assimilation of starch. Cell
multiplication ceased when the reducing sugar content depleted,
indicating sole dependence of the organism on the reducing
sugar. Quinn and Marchant (1979 and 1980) exploited the same
guality of G. candidum ih the treatment of distillery wastes

rich in sugars.

The fermentation of cassave starch factory effluents
with C. utilis incdicated the rapid uptake of reducing sugar
for their growth and multiplication (Table 14), Observetion
on the effect of enrichment in the secondzry effiuent (Tables 17
‘and 18) illustrated that the sugar intake and protein production
increased with enrichment, showing the necessity of enrichment
to achieve higher protein yield (Figs. 3.6, 3.7 and 3.8). Thanh
and Wwu (1975) made similer observations on enrichment during
the grovwth of Torula yeast in tapiocz wacte waters, Cabib et.
al. (1983) have also pointed out the importznce of enrichment
in sugercane stillzge for SCP production. The C. uvilis cell
multiplication was found declining as soon as the free reducing
sugar content decreas=d eventhough there was enough gquantity

of organics in the medium (Fiz. 3.3). The poor amylolytic

activity as evidenced by the unutilized starch has ultimately
restricted the growth of &, utilis. Balasubramzanva and
Bhatawdekar (1987) have also reported the lack of amylolytic

activity of C. utilis in their studies on agricultural waste

utilization for SCP production.
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The amylolytic activity of k. fibuliger has been well
documented (Jarl, 1969; Rattakul, 1976; Sales and lienezes,
1976; Lemmel et a}., 1979). Amylolytic activity of E. fibuliger
was obviously remarkable when it was cultured in the effluents
of cassava starch factory (Table 15). In the primary effluent
about 81% starch was hydrolysed during 120 hrsof incubation
at room temperature (30 + ZOC). The increase in recucing sugar
content at the early stages (48 hr) and subsecuent decrease
in reducing sugar with diminishing starch content also indi-
cated the hydrolysis of starch by the organism (Fig. 3.1).

‘The decrease in the glucose procduction after 48 hrs might be
due to end product repression as well as the depletion of starch
content. End product reopres:sion of amylase zctivity is revorted
for many other organisms (Saito and Yamamoto, 1975). The slow
growth of the organism and sunsetuent low biomass production
are in agreement with the findings of Jarl (1969), Lesser
utilization of starch and glucose in the non-enriched secondary
effluents when compared with enriched samples emphasised the
need of enrichment for better growth of the organism (Tables

19 and 20 and Fig8.3.5 and 3.6).

The primery effliuent of cassava starch factory was
fermented with another yeast-like organism, 2. magnusi and
the results (Table 16) showed that about 48% of starch was
being hydrolysed during 120 hrs of incubation. The highest

cor:centration of reducing sug:r in the culture indicated that
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maximum amylase activity could be at 48 hr (Fig. 3.2). E.
megnusi accumuleted 0.135% biomass protein at 120 hr of incu-

bation, Wwhereas E. fibuliger could accumulate 0,153% orotein,

In the present study of fermentation of cassava siarch
factory effluents, co-culturing techniques of C, utilis and
o, fibuliger were used for the production of biomass. Co-
culturing of the same organisms has been tried to oroduce hiomsss
from sterchy materials (Jarl, 1969; Sales and lenezes, 1976;

Rattakul, 1976; Lemmel et al., 1979).

When the experimsnts were conducted indemendently with
the individual organisms viz., . fibuliger and C, utilis in

1&

| o
i

enricned primary effluent, it was found thet &. Iibu

T was

able to saccharify sterch of the eifluent to the extent of
81« whereas the saccharificaticn rate in the cese of C. utilic
was negligible, The biomess yield of both organisms w=s com=-
paratively negligible when the experiments were conducted
individually. But there was significant increase in the yield

of C. utilis whenr it was co-cultured with k. fibuliger whose

amvlolytic activity resulted in the production of reducing

€2}

ugar recuired for the multiplication of C. utilis (Tatle 21).

nere wes stagnancy in the growth of organisms after 9% hre

3

of incubation in co=-gulture syster (Fip, %.11)., ZSlater (1351)
has discussed the inherent rroblems assorciated with the tra-
diticnal mixed culture fermentatiorns., Czome and Edward \1970)

wand Paca (1982) suggested that the low pH (below 4.0) developed
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as a result of the catabolism of sugars has profound influence
on the retardation of growth. Low pH developed during the
culturing could be a major reason for the stagnant growth of

C. utilis after 96 hrs. The maximum biomass protein produc=~
tion of 0.165% was obtained at the 120th hr of incubation
(Fig. 3.13). Non-enriched control experiments in the secondary
effluent proved that enrichment had tremendous influence on

the conversion of starch 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,
increasing the maximum at 48 hr and again decreasing during
further incubation (Fig. 3,14). The drastic decrease in the
COD and BOD at the early stage might be due to the separaztion
of solids while centrifuging to remove yeast biomass before
estimation. Jesuites (1956) has carried out sedimentation
studies on separator waste and found reduction in BOD and
COD level by solids removal. Increase in the amount of solubles
(sugars and other metabolites) could be the cause for further

increase in the COD and BOD wvalues.

When similar co-culturing of C. utilis with E. fibuliger
was carried out, there was no starch hydrolysis at the early
stages of incubation (Figs. 3.9 and 3.10). But there was
significant conversion of starch to sugars when E. magnusi
was cultured alone (Table 16). The low multiplication rate

of E, magnusi during co-culturing with C. utilis as shown in
L
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table 22 and Fig. 3.12 might be the rez:con for the poor amylo-

lytic activity.

Eventhough the reducing sugar level was found to be
maximum at 120 hr, it was found that the growth of C. utilis
was retarded. Formation of inhibitory metabolites as sugges-
te'd by Slater (1981) and Maiorella at.a198%) cauld be the reason
for the retardation of growth of C, utilis. It has been found
that inhibitory metabolites, produced even in small amounts,
have a dramatic effect on microbial growth (Pons et al., 1986).
As a result of the poor growth of C. utilis the protein pro-
duction was also lower when compared to the co-culturing
experiments of C. utilis and E. fibuliger (Fig. 3.13). The
soluble COD and BOD values were found increasing with incu-
bation again due to the possible contribution of soluble car-

bohydrates (Moon et al., 1978).

Rattakul (1976) has stressed that the observation of
Jarl (1969) that controlled pH, inoculum size, as well as
dissolved oxygen conditions of culture media influenced the
cell ratio and cell yield of mixed cultures in starch fermen-
tation. The results of the fermentation experiments carried
out in the laboratory fermentor showed that under controlled
conditions the co=-culturing was dramatically fructified
(Table 25)., Around 79% of starch was hydrolvsed and assi-
milated by the organisms during 28 hrs of incubation. After
28 grs the reduction in starch content was very slow, probably

due to the depletion of assimilable substrate. The highest



biomass (biomass protein) was observed at the 28th hr and
thereafter it gradually decreased (Fig. 3.21). Depletion of
reducing sugar could be the major reason for the retarded
growth of C, utilis after 24 hrs, which influenced the protein
yield as evidenced by the cell ratio of E. fibuliger and

C. utilis (Jarl, 1969). The longer residence time might have
also curbed the net biomass yield after 24 hrs. Many investi-
gators have reported that a lower net cell production with
longer residence time might be the result of increased main-
tenance energy and cell death (Lawrence and lcCarty, 1970;

Sherrard and Schroeder, 1972; Surucu et al., 1975).

There was a gradual increase in the soluble COD and
BOD. values in the beginning similar to the observations made
in the experiment conducted in shake flasks with C. utilis
and E. fibuliger. But the COD and BOD wvalues decreased
rapidly after 8 hrs of incubation. Maximum reduction of COD
and BOD was observed (94% and 91% respectively) at the 28th
hr of incubation under controlled conditions (Fig. 3.24) .
With adequate aeration and agitation there was rapid multi-
plication of cells (Fig. 3.23) which might have devoured
the soluble organics in the effluents. Mazumder (1984)
reported the co-oxidation of non-growth supporting carbon
substrates with the growth supporting compounds when the
cell density is high. The COD and BOD could not be further

1
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reduced by the prolonged incubation. Moon et al.(1978) have
explained such a phenomenon while treating cheese whey and

whey permeate with yeasts. The residual COD/BOD would be the
total output of soluble proteins and in certain cases the extra-
cellular polysaécharides of yeasts and some other metabolites
(Moon et 2l1.,1978). Thanh and Wu (1975) also pointed out the
possible contribution of broken cell debris and cell excretions

in the media for the residual COD/BOD,

5.iv. S01id State Fermentation of Cassava Starch Factory

Wastes with Aspergillus niger

Organic pollution as a result of the development of agro-
industries poses serious problems to human health. Agro-indus-
trizl waste can be channelled into more useful products with
the use of microorganisms which continously degrade the organic
wastes accumulated on the earth. The partial recovery of agri-
cultural wastes as single~cell protein is one of the means for
the conservation of fixed carbon resources produced on the
land . Since the orgenic wastes constitute various types of
compounds, appropriate microorganisms capable of elaborating
specific enzymes decompose the organic matter into simpler
molecules. Therefore, in the case of SCP production from
agricultural waste, it is required to employ microorganisms
with relevant enzymatic activity. Solid state fermentation

of organic wastes has been attempted as a means of elevating
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the total protein content of biomass by many workers (Grant
et al., 1978; Balasubramanyan and Bhatawdekar, 1981; Rodriguez
et al., 1985). 1In the present study an attempt was made to

convert cassava starch factory wastes into SCP by a strain of

Aspergillus niger. The high growth rate and very high/g-gluco—
sidase activity distinguish A. niger as a potential candidate
for the production of SCP (Sukan and Yasin, 1986). Results
given in the tables 26 & 27 and figure 4.1 show that there was

a gradual reduction in the starch content of the wastes ino-
culated with A, niger from O hr to 120 hr of incubation in

both enriched and non-enriched wastes. The reduction in the
starch content of the substrate could be correlated with the
amyloglucosidase activity during the active growth phase of the
organism as evidenced by the protein build-up at 48 hr (Figs, 4.6
and 4.7). The subsequent reduction in the amyloglucosidase
activity could be due to changes in pH as well as reduction of
starch content. The pH variation was found to be in the range
of 5.4 to 3.0 in the case of enriched substrate, Highest amount
of enzymatic activity was observed when the substrate was en-
riched with the basal media containing ammonium sulfate (Figs.,
4,3 and 4.4). The influences of ammonium sulfate (Ferriksova,
1957) and salts like potassium dihydrogen phosvhate, magnesium
sulfate, calcium chloride,(Manonmani et al., 1983) etc., on

amylass production by Aspergillus oryzae and Aspergillus niger

were reported. The changes in the endoglucanase activity were
found to be the maximum in the case of non-enriched wastes

(Fig. 4.5). The low amylolytic activity has reduced the
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production of glucose in the media (Fig. 4.2) and this might
heve derepressed the endoglucanase activity in the substrate.
Nokrans (1967), Mandels (1975) and Takagi (1984) have reported
the repression phenomena in the presence of glucose during

cellulase production,

Fermentation of cassava starch factory waste with A. niger
could bring the protein content to 7.0% at the end of 72 hr of
incubation from a negligibly low level (1.60%)., After 72 hrs
the protein production or the biomass formation was insigni-
ficant because of the exhaustion of starch substrate and
development of unfavourable conditions like highly acidic pH.
Lack of nutrients seriously affected the growth of A. niger
and thereby the formation of fungal biomass, as evidenced bf

the low protein content in the non-enriched waste.

5.v. Biomethanation of Cassava Starch Factory Effluents

Biogas from the agricultural waste usually contains
60 to 70 percent methane and 30 to 40 percent carbon dioxide
as reported by Fry and Herrill (1973). Reports are also
av:.ilable on higher yield of methane with different feed
stocks and technology (Messing, 1982). In the present study,
biomethanation of cassava starch factory effluents was under-
taken. DBiomethanation of wastes from cassava starch factories
has not been reported so far. The biogas obtzined in the
batch digestion on analysis by gas chromatography-mass

spectrometry (GC-MS) has shown the presence of methane, carbon
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dioxide and butane (Figs .5.1 and 5.2). The presence of butane
in the biogas is probably reported for the first time. Cowley
and Wase (1981) reviewed the presence of traces of gases such
as carbonhioxide, hydrogen, nitrogen, oxygen and hydrogen
sulfide in addition to methane and carbondioxide in the biogas.
The quantitative estimation of the methane was carried out
using the gas chromatograph (Fig. 5.3) and the average value,
of samples obtained at aifferent conditions are accounted in

table 28.

In the present study only 20% methane was present in the
non-enriched cassave starch factory waste containing 5% cow-
dung. But 59 methane could be obtained in the digester when
the percentage of cow-dung was incrcacsed to 20%. Oi et al.
(1985) emphasised the influence of inoculum ratio on the
production of total gas, methane content of the gas and span
of gas production during the methanogenesis of ramie-refining
waste water. buring the methanogenesis of primary effluent
samples containing cow-dung in the ratio 5:95, 10:90 and
20:80, there was a great enhancement in the total gas produc-
tion in proportion with the quantitative increase in cow-dung
which was mainly intended to use as a source of inoculum
(Fig. 5.6). Presence of large number of methanogenic bacteria
in the cow-dung as already reported by Smith and Hungate (1958)
and Paynter and Hungate (1968) could be the reason for the

enhancement of biogas production when the proportion of cow-dung
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was increased in the effluent digester. Maximum gas produc-
tion of 130.20 1/kg dry matter was obtained when cow-dung was
added at the rate of 20% whereas in the case of digesters
containing 5% cow-dung, the gas output was only 7.58 1l/kg

dry matter. The span of gas production was also enhanced with
the quantitative increase of cow-dung (Figs.5.4 and 5.5) and
it was directly proportional to the amount of gas produced in

these batch experiments.

There was no methane production when starch factory
waste was subjected to anaerobic digestion in the absence
6f cow-dung or other seeding materials. The constant reduc-
tion in pH of the digestion fluid indicated the presence of

acid forming bacteria in the digester.

High carbohydrate waste usually promotes the growth of
acid formers whose activity results in acidic and toxic
environment for the methane producing bacteria (Cowley and
Wase, 1981). Cassava starch factory waste being a carbo-
hydrate material with negligible amount of protein might have
promoted the growth of acid formers. Normally, ammonium ions
from the proteins react with carbonkioxide and water to form
ammonium bicarbonate which will act as the primary buffer and
maintain the pH in the neutral range (Cowley and Wase, 1981;
Perry, 1984)., The role of C:N ratio also cannot be ruled out
here since there is a possibility of attaining a C:N ratio of

30:1 by the addition of cow-dung having a C:N ratio of 20:1.
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Cowley and Wase (1981) have also reported that the C:N ratio
of 30:1 favourably supports biomethanation. Ammonium ions
resulting from degradation of nitrogenous compounds, such as
proteins and urea, become inhibitive above a threshcld concen-

tration (McCarty, 1964).

The introduced acid formecrs of the microbial flora mainly
from the cow-dung (Mclnerney and Bryant, 1981) might have de-
graded the insoluble polvsaccharides of the cassava starch
factory effiuent into simpler soluble forms. The degradation
of polysaccharides into acetate, COZ’ HZ’
ethanol,etc., has been extensively discussed (Bryant, 1967;

preorionate, butyrate,

Loehr, 1974). Perhaps the 5% cow-dung was not sufficient to
supply enough microbial load to solubiliize the polysaccharides
to the extent of solids solubilization attained in 10% and 20%
cow-dung mixed effluent, and as a result, the solids reduction
was not significant (Fig. 5.7). In the case of non-enriched
effluents mixed with 20% cow-dung maximum COD removal occurred
in the digester (62.5%). As discussed earlier maximum methane
procuction was also observed in the same digester. Young and
McCarty (1963) and Nyns (1980) have indicated that ef:icient
removal of pollution load hes resulted in significently higher

volume of gas formation.

Anaerobic digestion of cassava starch factory effiuent in

igemi—continuous dipesters

The gas production is related to loading rate which in
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turn depends on retention time and solids concentration
(Horton and Hawkes, 1979). An increased gas production was
reported with higher loading rates of sewage sludges and

other organics. Similar results were ovtained when the load-
ing rate of cassava starch factory effluent was enhanced in
the semi-continous digssters (Tables 29,30,31 and 32). Thus,
an increased gas production was achieved with increased rate
of feeding until 7.8 g CoDp/1 . of reactor volume/96 hr was
reached, But further increase in the rate of addition did not
improve the gas production but reduced it (Table 33). Loehr
(1974) has reported ine possibility of diminishing gas produc-
tion at a higher loading rate than optimum. Decreasing pH,
decreasing alkalinity, increasing volatile acids and increas-
ing content of 002 in biogas are indications of failure of
anaerobic process (Loehr, 1974). Loehr (1974) has also repor-
ted that increased addition of easily digestible materials
like potato waste will change the digester sour (phi even less
than 6.5). As and when the cassava starch factory effluent
was fed at a rate of 9.5 g COD/1 . of reactor volume/96 hr,
the pH of the digester liquid got lowered to acidic side
(5.92-6.20). A reduction in the gas production observed
simultaneously supporis the view that the »rocess of biometha-
nation moved to unfavourable conditions at the above rate of

loading and the subsequent change in pH.

If the gas production is correlated to pH it is evident
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that the maximum output of biogas was achieved in the neutral
pH range with optimum loading rate. This is in accordance with

reports by earlier workers.

Cowley and Wase (1981) have reviewed the importance of
detention time of the contents of the digester, irrespective
of digester desigh especially for gas yield and solids reduc-
tion (Hawkes and Horton, 1981). Usually the farm waste digesters
are run botween 7 and 30 days (Meynell, 1975; Summers and Boansfield,
1978). In the experiments of anaerobic Cipgestion with cassava
star-h factory effl «nt digestion at 37.32 davs hydraulic deten-
tion time (7.8 g CO0T/1 ., /96 hr), maximum gas proiuction could
be achieved, with fairly good reduction of sclids (rigs.5.8
and 5.9) at room temperature (30 + BOC) and minimum stirring

(3 times daily for 2 min).

It has been reported that at thermophilic conditions in
completely mixed digesters the retention time could be reducecd
to 5 days with some other organic materials (Cocney and Wise,1975;
Varel et.al,,1977; Temper et &l., 1982). Meynell (1976) has
suggested that the time required to degrude zll the organic

metter in an untreated digester is almost six months,

The rate of degradation of =clids is not appreciable by
further extensiocn of hydraulic detention times (40 days with
47.5% or 300 days with 58.1% solids reduction). As mentioned

gearlier the primary effluent samples contained about 50% starch,
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In this short hydraulic detention time only the easily hydroly-
sable starch might have been degraded. The rapid degradation

of starch was also suggested by Noike et al. (1985) in connec-
tion with the anaerobic digestion of czrbohydrates. Assuming
that the easily hydrolysable starch has been utilised for bio-
gas generation, calculations were carried out according to the
method of Chittenden et al. (1980). It was shown that an average
value of 92% starch got degraded at 33.32 hydraulic detention
time and procduced 724 1.o0f biogas per kg starch, the theoretical

value being 830 1l.of biogas per kg of starch.

The acicic discharges of starch factories carry large
amounts of organic matter such as free reducing sugar, easily
degradable starch and slow decomposable fibrous matter etc.
This carbonaceous pabulum is being contaminated with microflorsa
comprising bacteria, moulds and actinomycetes. The primary
effluent was resistant to stabilization under natural condi-
tions even though fairly good reduction in the BGD and COD
could be achieved in the secondary effluent by Keeping it at
ambient conditions or by plain sedimentations to remove solids.

Aerobic fermentations of the effluents with C. vslida, G.candidum,

C. utilis, L. fibuliger and £. mzsnusi, individuelly and in
different combinations, showed a possibility to convert the
effluents into yeast biomass. bBut the co-culturing of amylo-
lytic yeast E. fibuliger and well known fodder yeast C. utilis
Agas found useful in obtaining a dried product (Fig. 3F) con-

taining 22.07% (w/w) protein with significant reduction of
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pollution load (83% COD), A. niger luxuriantly grew on this
waste and produced a protein rich residue. Anaerobic fermen-
tation of the effluents for methane production could convert

the soluble sugars and about'92% starch into biogas.

An integrated scientific approach to solve the problem
of pollution of environment by cassava starch factory effluents
for productions of SCP and biogas, described in this work, is
hoped to have a tremendous impact on the management of effluent

problems of agro-based industries.



CHAPTER 6

SUMMARY



Cuns TER 6
SUMMARY

Serious pollution problems from cassava starch factories
indicated the necessity for developing remedial measures.,
Investigaetiomns on the aerobic and anaerobic treatment of cassava
starch factory effluents were therefore made. The stabilization
of the waste was achieved with valuable by=-products like single-

cell proteins and methane.

The following significant observations were made during

the study.

1. Two kinds of effluents, the primary and secondsry efflu- °
ents from the large-scale starch factory and the secondary
effluent from the smali-scale starch factory were the main

sources of pollution.

2 The primary effluent was a thick slurry with a high
pollution load as evidenced by a BOD content of 13,200-14,300
mg/1l and a COD content of 38,220-48,820 mg/l.

3. The secondary effluent was rather a diluted one, with a
comparatively low BOD of 3,600-7,050 mg/l and a COD of 3,800-
12,050 mg/l.

4, The analysis of cassava s$tarch factory effluent showed

the presence of soluble sugars, starch, celluloses, and traces of
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nitrogenous matter.

5. At the early stages of discharge the effluents showed

the presence of the toxic compounz, hydrocvanic acid,

6. Various kinds of microorganicms including bacteria,

yeasts, moulds, and actinomycetes were precsent in the effluent.

7. Gram-positive bacteria, spore formers, non-spore formers,

and coliforms were Ifound in large numbers,

8. Candide validz was the predominant yeast identified in

the effluents.

9. Large number of Geotrichun candidum, Saccharomvces species,

comnon saprophytic fungi like Khizovous, Asvergillus, FPenicillijium,

-usarium, llonocillium and Humicola were observed.

10, Removel of solids to the extent of 43.3% by sedimentation
resulted in reduring 50° of COD from the secondazry effluents.
But in the primery effluent there was no reduction in COI by

seaimentation.

1. Under ambient conditions the degradation of organics by
the natural flora was comparatively slow. A reduction of only
5% CUU was observed in the primary eflluent of cassava starch
factory during 10 days of incubation. At the same time 35%

¢ CUD removal was observed in the secondary effluent.
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12. Rapid utilization of free reducing sugar was possible

with Candida valida, Geotrichum candidum and Candida utilis.

13. Among the various yeasts and yeast-like organisms
chosen for the aerobic treatment of cassava starch factory

effluents, Endomvcopsis marnusi and Endomycopsis fibuliger

were found to be efficient in utilizing starch present in the

effluent, though they had a comparatively slow growth.

14, Co=culturing of Candida utilis and the Endomycopsis

fibuliger was found to be a better method for the hydrolyeis

of starch and assimilation of the resultant free reducing sugar.

15. The conversion of carbohydrate waste into SCP was rapid
when fermentation was carried out under monitored conditions
i.e, in a laboratory fermentor with proper mixing, aeration,

pH and temperature control.

1€. Avout 94'. of the COD &and 21°. of the BOD were removed by

aerobic treatment.

17. The protein content of the dried residue obtained from
the ferientor at 22 hr of incubation was 227, which was found

to be maximum during the incubetion of Ohr to 60 hr.

186. Solid state fermentation of cassava starch factory waste

with Aspergillus niger could increase the total protein content

to 7.7/ from the initial level of 1.6%.
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19, Amyloglucosidase enzyme activity during the fermentation

of cassava starch factory waste with Aspergillus niger was lower

than that in other substrates reported in the literature.

20, In both submerged and solid state fermentation, enrichment
of the substrate with nutrients promoted the growth of the

organisms and production of protein.

21. Anaerobic digestion of cassava starch factory effluent in
batch dicesters produced 130.2 1. of biogas per kg dry matter

with an average methane content of 59..

22. The anaerobic process could reduce 63% COD during two

months of incubation.

23. Semi-continuous digestion of cassava ctarch factory

effluents produced about 325 1, of biogas per kg dry nmatter.

24, During the hydraulic retention time of two days in the an-
aerobic digester 46% solids were digested under ambient

tenrerature,
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Table 1 PHYSICO-CHENICAL CHARACTERISTICS OF CASSAVA STARCH FACTORY EFFLUENTS
|+ s ERCISSEEERE2IIasEs S e e e A e e
EFFLUENTS Of LARGE SCALE STARCR FACTORY
PRIMARY EFFLUENTS SECONDARY EFFLUENTS
{ 2 3 4 i 2 3 4
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Table 2.
PHYSICO-CHEMICAL CHARACTERISTICS OF CASSAVA STARCH
FACTORY EFFLUENTS

eyt

1 2 3

pH(+0R-0.2) 4.5 L.b 4.7
TOTAL SOLIDS XBAR A 5.2 b.6
(g/1) SIGMA 121 .286 .317
c.v 3.03 5.5 4.81

SUSPENDED SOLIDS XBAR 1.87 2.32 2.96
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SUGAR AS GLUCOSE SIGMA 129 .089 .197
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Table 3
NICROBIAL LOAD Of THE CASSAVA STARCH FACTORY
EFFLUENTS

b Attt St A - 2 1

Table 4
MICROBIAL LOAD OF THE CASSAVA STARCH FACTORY
EFFLUENTS
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XBAR 10 10 17.5 1473 SIGHA 9.32 26 - .14 .52
51GMA KX .63 1.1 1.8 c.v .33 8.6 8.5 3.97
v, 8.1 6.3 b.29 42,2 mmmemmmmmmmmmmememeeeee oo -
--------------------------------------------- IBAR 3 365 {.7 2.7
I8AR .7 .9 3.6 10 SIGHA 17.18 18 24 3.5
SIGMA .09 L 35 42 C.v 71 10.%9 8.89  11.7
C.v. 12.86  12.22 9.72 L I
------------------------------------------- - XBAR & 273.88 1.56 2.5  19.08
18AR 3.45 1 20 3.4 SIGMA 20.96 .07 .09 1.6
SIGMA .26 g J .25 c.v 7.65 4.26 3.6 8.39
€.y, 7.5 0.2 7,29 8.3 TTmTmmmSmemomoossmsesossomcoososoooeoooooos

Table S
KICROBIAL LOAD IN THE CASSAVA STARCH FACTORY
EFFLUENTS

B s e A PSS R L T

. e e e e

SAMPLES BACTERIA ACTINO  MOULDS  YEASTS
COUNT HYCETES
COUNT
(NX1D™5 (RX40°3 (NX1D°5 (NX1D°3
/al} /ul) /nl} /ul)
1BAR 1 10.5 4 15 35
SIGMA ) A7 Vi 2.2
c.v. 4,88 8.5 .71 6.17
IBAR 2 15.43 1.5 4 26.3
SIGHA 43 .09 43 1.4
€.v. S.4 [ 10.75 5.9
1B 3 5.5 2 29 12
SIGMA W47 18 1.4 1.2
C.v. 12.31 ] 1.61 10
B 4 12.13 1.2 33 29
SIGHA 1.2 .09 2.9 2.4
C.v. 9.76 7.5 1.27 6.34



Table 7

BIOCHEMICAL CHANGES OF CAS5AVA STARCH FACTORY

- - 2 1 1 1

INCUBATN REDUCING
SUGARS ACTIVITY(g/litre)(g/litre)
(ZW/V)(Sp.acti-

AMYLASE

vity

COoD BOD’

14.71 37.20
1.22 1.80
8.28 4.59

c.v

T-VALUE
Significance
level

T-VALUE
Significance
level

c.v

T-VALUE
Significance
level

——— i e e e e e e o o ey e e e e v o = e e e e = = e e e = ——

c.v

T-VALUE
Significance
level

----------------------------------------------- (Contd)



XBAR

SIGMA

c.v

T-VALUE
Significance
level

.01
.00
7.95

46,44

W42
.02
4.35

66,41

T-VALUE

level

c.v

T-VALUE
Significance
level

c.v

T-VALUE
Significance
level

c.v

T-VALUE
Significance
level



Table 8

BIOCHEMICAL CHANGES OF CASSAVA STARCH FACTORY

- - -t At

SECONDARY EFFLUENT AT AMBIENT CONDITIONS

Mt - - -ttt 1t

INCUBATN REDUCING
SUGARS ACTIVITY
(ZW/V)(sp.acti-(g/litre)(g/litre)

ANYLASE

vity)

CoD BOD

e . = e D e e

3.95 3.57
.19 .10
4.81 2.67

level

— = s s ) e R e e e e - - = ———

c.v.

T-VALUE
Significance
level

T-VALUE
Significance
level

T-VALUE
Significance
level

---------------------------------------------- (Cantd)

c.



XBAR

SIGMA

C.V.

T-VALUE
Significance
level

C.V.

T-VALUE
Significance
level

C.V.

T-VALUE
Significance
level

C.V.

T-VALUE
Significance
level

C.V.

T-VALUE
Significance
level



Table 10

MICROBIAL PROLIFERATION IN THE C.S.F.PRIMARY EFFLUENT UNDER
AMBIENT CONDITIONS

INCUBATN BACTERIAL

YEASTS
COUNT
(NX10" 6
/ml)

MOULDS
COUNT
{(NX10" 6
/ml)

TIME COUNT
(DAY) (NX10" 6
' /ml)
XBAR .09
SIGMA .01
c.v 8.89
XBAR .12
SIGMA .01
c.v 8.33
T-VALUE 7.41
Significance level )
XBAR .20
SIGMA .05
c.v 5.56
T-VALUE 50.59
Significance level *
XBAR ?.10
SIGMA .72
c.v 7.91
T-VALUE 39.57
Significance level #

T S N A Ty Sy e——



XBAR

SIGMA

c.v

T-VALUE
Significance

XBAR

SIGMA

c.v

T-VALVE
Significance

- o R - e e e S e e e e Ve e M M e R e e e e e e e e R TR e A M R e S S e e - —

XBAR

SIGMA

c.v

T-VALUE
Significance

296.60

29.19

9.84
32.12

100.10
7.36
7.35

42.75

—— s - e e e = D S s e B e n M e M e S e e S s D S e A e e

XBAR

SIGMA

c.v

T-VALUE
Significance

T el e T e et

XBAR

S5IGMA

c.v

T-VALUE
Significance

600.05
28.23

4.71
67 .21

— e - o - i e am S e . e m e m S TR M e e e R e e S e S e - e e —

XBAR

SIGMA

c.v

T-VALUE
Significance

5

level
b

level
7

level
8

level
9

level
10

level

# Significant at 5% level
*#** Not significant



Table 11

MICROBIAL PROLIFERATION IF THE C.S.F.
SECONDARY EFFLUENT UNDER AMBIENT CONDITIONS

A

INCUBTN
TIME
(DAY)

BACTERIAL

COUNT

(NX10" 6

/m1)

YEASTS
COUNT
(NX10" 6
/ml)

MOQULDS
COUNT
(NX10" 6
/ml)

C.V.

T-VALUE
Significance
level

C.V.

T-VALUE
Significance
level

c.V.

T-VALUE
Significance
level

140.00
12.45
7.05
27.33

44,72

*
(Contd)

10



XBAR

SIGMA

C.V.

T-VALUE
Significance
level

120.50
8.18
6.79

45.64

cC.V.

T-VALUE
Significance
level

180.00
?.49
5.27

539.17

T-VALUE
Significance
level

230.00
9.00
3.91

b4 .b4.

- e = i = e e e S S S = A e e e S e e - -

T-VALUE

level

491.79
39.47
8.03
39.21

T-VALUE
Significance
level

442.36
12 .45

2.81
100.09

C.V.

T-VALVUE
Significance
level

11



Table 12

12

PERFORMANCE GOF Candida valida IN THE C.S.F.PRIMARY EFFLUENT

T-VALUE

level

— e e e e - e e e e e e = = e e e e = —

C.v

T-VALUE
Significance
level

c.v

T-VALUE
-Significance
level

e . m m — —  — ————— = e o ————— — — - — i — ——

T-VALUE

level

T-VALUE
Significance
lavel

—— e e e e e . e E— e e e e e e e — - — = = —

RD.SUGAR CELL BICMASS
FROTEIN
(hw/v)

. 135
.003
2.6

26.686667

3.43

##% Notl significant



Table 13

PERFORMANCE OF

Geotrichum candidum

TIME
(HR)

STARCH

ALw/v)

13

IN THE C.S.F.PRIMARY

BIOMASS
PROTEIN
(Zw/v)

—— e e e e e e e e e e . R R P e e e e e = e e e —— e . -

c.v

T-VALUE
Significance
level

1.16

EFFLUENT
RD.SUGAR CELL NO
(Zw/v) (NX10" 6
/ml)
nzs 54,35
gaz 3.18
7.38 5.864
009 81.1
. 0005 4,31
5.12 5.31
-21.9518 14.12584
¥ *

) 2.3

T-VALUE
Significance
level

level

e e A e S A R SR A S S N e e e e e e M M A o — o ——

c.v

T-VALUE
Significance
level

.04
2.32
-20.0000

3.19
17 .20000

—— e e e —— T — - > = ——— — A o — o = e —— -

c.v

T-VALUE
Significance
level

0003 1.73
4.35 1.83
-23.7756 31.97222
# *
.008 101
0po3 4.97
3.45 4.91
-23.7756 22.3624°9
* #
.007 97
.0004 5.48
6.06 5.63
-24.9615 19.03970
# #
.007 101.25
.0004 6.29
3.4 6.21
-24.9615 18.82098
* *

—— e — ——— - e e TS R e e e e A M e M D D W S R W W M s e e e e M e S - v — -



Table 14

PE{r ORMANCE OF Candida utilis IN THE C.S.F.

14

PRIMARY EFFLUENT

TIME
(HR)

‘STARCH
(Zw/v)

(lw/v)

RD.SUGAR CELL NO
(NX10" 4

/ml)

BIOMASS
PROTEIN
(Zw/v)

13.96
1.03

c.v

T-VALUE
Significance
level

1.92

e o — e = e M e T A T S e R S i S AR W T et e M A S R - M = B e e o e = = > —— =

T-VALUE
Significance
lavel

- T-VALUE
Significance

1.89

* %

3.63

1.72

e e m o e o e A T e e A e et A ey = A et . M e = AR e e e T P e G e e e - —

T-VALUE
Significance
level

1.89

* 3%

3.39

-1

.002
1.82
76.08459

e et ot v e e e = e M S S e e - R S = M BN G e e e R e = S A M e s e . e = e W W —— e e - ——

cC.Vv

T-VALUE
Significance
level

1.39
-4.32548
* %

3.51

5.59

3.8

e S et M ey - S N A e e e M B Gem T e S S e e A M M G e e e = e



Table 15
PERFORMANCE OF Endomvcaopsis fibuliger IN THE C.S.F. PRIMARY
EFFLUENT
TIME STARCH RD.SUGAR CELL NO BIOMASS
(HR) (Zw/v) (7w/v) (NX10"é6 PRQTEIN
/ml) (Zw/v)
XBAR 0 2.38 D13 55 D29
SIGMA 05 001 .04 001
c.V 2.3 6.51 6.89 3.41
XBAR 24 1.24 .052 2.03 04
SIGMA .04 .004 .15 003
C.v 3.18 £.78 7.55 7.03
T-VALUE -30.3568 26.75378 26.76486 9.838699

Significance
level

T-VALUE
Significance
level

T-VALUE
Significance
level

—— - —— — — -

T-VALUE

level

T-VALUE
Significance
level

* #* * %*
48 95 075 16.5 061
.02 004 1.23 003
2.42 5.44 7.48 4.293
-75.1073 42.53165 36.65819 28.62167

#* * * #*
72 .62 061 60 134
.01 .003 3.37 .007
2.19 5.25 5.61 5.4
-97.6272 42.93251 49.89263 42.00000

#* # * *
26 .51 .038 84.54 165
.01 - .00z 4.05 .008
1.89 6.09 4.79 4,67
-103.729 31.62278 58.65383 47.71194

# #* # *
120 45 .032 108.62 182
.01 .002 7.7 01
2.15 7.4 7.09 5.5
-107.057 24.03331 37.696462 43.06017

# * # *



Table 16
PERFORMANCE OF Endomycopsis magnusi IN THE C.S.F.PRIMARY
EFFLUENT
TIME STARCH RD.SUGAR CELL NO BIOMASS
(HR) (Zw/v) (hw/v) (NX10"& PROTEIN
/ml) {hw/v)
XBAR 0 2.74 .006 4 023
SIGMA 06 .0D04 03 001
c.v 2.2 7.32 8.51 5.26
XBAR 24 1.97 .035 6.52 031
SIGHMA .09 0003 .59 001
c.v : 4.5 1.53 ?.07 . 4.09
T-VALUE -20.13446 128.1006 29.30108 16.00000
Significance
level * #* # %
XBAR 48 1.69 .071 8.3 Q46
SIGMA 04 .002 54 001
c.V 2.33 2.28 b&.6k2 1.8
T-VALUE ~-41.1844 90.13878 41.31513 446.00000
Significance
level * # #* #*
XBAR 72 1.48 .057 44,25 119
SIGMA .04 .003 3.13 cas
c.v 2.47 5.48 7 .08 4.59
T-VALUE -49.4213 47.66147 39.62327 53.25122
Significance * # #* *
level
XBAR ?¢& .76 .033 a0 .15
SIGMA ' ‘ .04 .003 4 43 014
c.v 4,19 7.65 5.54 5.4
T-VALUE -69.8173 25.23254 50.82114 25.59267
Significance #* #* # *
level
XBAR 120 Q2 .21 89.94 158
SI1GMA .01 001 5.84 003
c.v 1.1 5.595 6.4 2.38
T-VALUE -84.46283 39.39193 43.36541 74.88453
Significance * #* #* #*

level



1/

Table 17 :
PERFORMANCE OF Candida utils IN THE C.S.F.SECONDARY EFFLUENT

e e e o e e e e A e e e SN M BN mm ey e e e M S M e v min e S i S e e e B e e M e e e e T e e e e e e e e e e
- s ' T -

TIME STARCH RD.SUGAR CELL NO- BIOMASS
(HR) (Zw/v) (Zw/v) (NX10"6 PROTEIN
/ml)  (Aw/v)

XBAR 0 19 .025 27.36 pas
SIGMA 0as .00z a8z 0az
c.v 3.99 8.79 3.01 2.02
XBAR 24 18 .015 320.06 204
SIGMA .009 . 001 20.92 003
C.v 4.78 7.72 6.54 1.38
T-VALUE -2.34888 -12.6491 39.54328 92.564682
Significance

level *# #* *® #*
XBAR 48 .18 011 341.25 208
SIGMA 01 .000s 17.79 .004
c.v 7.78 5.466 5.21 1.74
T-VALUE -2.208463 -18.9640 49.85235 75.8%466
Significance ’

level 3% * * *
XBAR 72 .18 . 008 375 213
5IGMA 006 .0004% 11.11 004
c.v 3.31 4.54 2.94 1.69
T-VALUE -2.82843 -23.5748 88.26346 79.056%4
Significance * 3% #* * #

level



1¢&

Table 18
PERFORMANCE OF Candida utilis IN THE C.S.F. SECONDARY EFFLUENT
(Non-enriched)
TIME STARCH PD.SUGAR CELL NO BIQOMASS CoD
(HR) (Aw/v) (Zw/v]) (NX10"&4 PROTEIN
/ml) (Zw/v) (g/1)

XBAR 0 .19 .03 27.5 0as &.55
SIGMA .088 .001 2.4 D04 o7
c.v 4.08 3.78 8.74 4.26 1.03
XBAR 24 .18 .02 230 182 3.16
SIGMA .01 .001 8.61 oo7 2
c.v 5.99 2.21 3.74 3.83 b.47
T-VALUE -.319357 -20.0000 44.07935 32.97738 -45.2503
Significance :
level * % #* # #* *
XBAR 48 .18 015 272.88 187 2.85
SIGMA 001 .0003 .004 .004 .1
c.v .62 1.74 2.01 2.01 3.6
T-VALUE -.321391 -40.6371 289.1827 49.50000 -85.7341
Significance
level * ¥ #* #* #* #*
XBAR 72 .18 .012 255 191 2.55
SIGMA Q02 .00Q7 13.11 . 002 1
c.v .83 5.6 5.14% 1.09 3.87
T-VALUE -.321329 -41.7085 48.27982 6£5.14292 -72.46855

#* 4 #* # * 3#

Significance
Jdevel



Table 19
PERFORMANCE

19

STARCH
(Zw/v)

TIME
(HR)

XBAR
SIGMA
c.v

c.v

T-VALUE
Significance
level

4,91

T-VALUE
Significance
level

T-VALUE
Significance
level

-23.0201

EFFLUE!
RO.S5UGAR CELL MO BICOMASS
(Zw/v) (NX10"& PROTEIN
/ml)  (Zw/vy)
.025 38.37 096
go2 5.36 co3
6.64 13.98 2.645
013 345 177
.001 15.22 005
6.55 4.41 2.71
-12.6491 53.74740 39.2%077
¥* #* #*
a11 375.72 182
.001 10.84 005
5.99 2.88 2.51
-17.7088 78.90413 41.71613
# * *
008 369.55 .193
go2 22.14 0a5
6.44 5.99 2.76
-17.0000 41.12098 47.05191
#* * #



Table 20

20

PERFORMANCE OF Endomycopsis fibuliger INM THE C.G.F. SECCNDARY EFFLUENT
(Non-enricned)
TIME STARCH RKRD.SUGAR (ELL RO BIZHASS €0D
(HR) (Yw/v) (Aw/v) (41376 FROTEIN
/ml) {74/ v) (g/1)
XBAR 0 .19 Q35 38,42 L5946 &.54
sIaMA .01 oo 2.27 0Ny ol
c.v 6.36 2.81 &.22 1.39 1.58
XBAR 24 .14 023 112.2 14 3.41
SIGMA 004 .00 S.0 .002 03
c.v 2.77 3.61 4 47 1.39 . '8
T-VALUE -13.1306 -24.0000 37.59432 546.92100 -84.79,1
Significance
level * # * #* *
XEAR 48 .12 019 335 176 2.85
SIGMA 0064 001 8.21 .00N3 .13
c.v 5.07 7.2 2.45 1.85 4.48
T-VALUE -16.9775 -32.0000 98.10249 71.53418 -&3.6349
Significance
level * 3* * 3* #
XEAR 72 .12 .01 220 175 2.54
SIGMA gas . 001 10.05% .003 Ol
c.v 4,52 8.25 3.47 1.44 5.43
*T-VALUE -17.7088 -50.0000 468.88255 70.4637753 ~43.75%96
Significance * #* #* * *

lavel



Table 21

CO-CULTURTNG OF C.utilis and E.fibulizer IN THE C.3.F.PRINARY

EF 7 LUEAT

P T T T L T T e T T Py T T T T

TIME  STARCH RD.SUGAR CELL M0 CZLL ND  BITMASS
(HR) (Zesv)  (lw/v)  (NX32°4  (NX1D°H PROTIIN
' /al} /aly (afel
C.abilis E.fisuli-

qer
BAR 0 3.23 Q30 3195 37.0 .12 ARL29 20.82
SIGMA 04 0G4 3.19 3.12 .Gl A2 g7
C.v .35 7.24 8.07 .43 3.1 7 3.49
XBAR 24 2.06 JAsd 76.86 4805 203 9.48 7.3%
SIGMA A 1 7.59 3.58 .04 b .19
c.v 4,75 3.39 9.9 7.45 2.74 .44 2.4
T-VALUE -30.7257 45.49894 12.75231 6.575365 28.63296 -102.332 -48.0383
Significance

level % ] t ¥ 3 3 t
YBAR 48 1.82 58 219.8 127 2hb 2.2 11.03
SIGMA .06 034 9.44 §.45 .007 .63 A5
c.v 3.56 5.39 4.1 3.5 2.8 5,18 1.37
T-VALUE -55.3048 47.95938 54.146727 46.83352 40.69549 -91.2711 -35.2979
Significance ~

level + % t # # ' t
YBAR 12 1.76. 206 206.5  122.5 271 10.28 7.04
51544 o1 Q120 1241 b.32 .003 g 23
C.v 5.55 5.99 b.15 5.14 1.1 4,82 5.7
T-v LUE -38.46041 34.43543 37.73817 34.30706 79.7h164 -92.9733 -33.4044

Sigaificance

level ) ) ¥ ¥ ] ] ]
1BAR 96 1.64 .253 288 132 .293 7.42 5.47
SIGHA 04 L1300 1472 6.26 006 .43 A5
c.v 2.39 4,95 5.14 4.74 2.03 5.77 2.72
T-VALUE -78.3000 42.62977 45.65818 3B.4123% b4.71832 -102.719 -35.3445
Significance

level ¥ # # * t % )
XBAR 20 . 1.53 68 281.08  118.73 295 6.71 5.12
SIGMA 04 Q06 13.78 8.54 007 0 L83 42
C.v 2.8 2.3 49 0.4 2.48 9.4 8.29
T-VALUE -85.0000 59.00000 48.30029 25.30727 57.88583 -100.205 -30.4287
Significance

level

4 L 2 ] L ]

L} ]

21



Table 22

LC-CULTURIEG OF C.ulilis and Z,2agnusi

IN THE C.S.F.PRIMARY  EFFLUENT

22

R R e e S EE R T e LR e R e R A e e e e e

TIME  STARCH RD.GUGAR CELL NG CELL MO BJ0HASS D 83D
(HR) (Rwfv)  (Ze/v) (NX1Q'6  (N&3G°8 PROIEIN
fal} fal} (Twlv) {g/1y L9/}
C.utilis E.magnusi
XBAR i 3.25 051 3% .39 061 6833 20019
SIGHA .1 (04 3.32 0% Nl 1.28 .44
c.v 3.09 8.78 8.3 7.48 9.36 1.8 5.3
1BAR 24 3.2 018 82.25 73 .093 3.8 354
SIGNA A7 001 4.2 .03 .004 07 97
c.v 5,24 5.46 5.12 d.4b 4,32 1.72 4.63
T-VALUE ~. 717033 -22.6378 22.31479 9.050947 12.55143 -142.291 -41.5848
Significance
level 1 2 ] # ] #
YBAR 48 3.18 008 112.53 83 J22 3.92 4,25
SIGHA A1 L0004 6.32 04 004 07 .18
€.V 3.61 4,67 5.61 447 3.32 1.67 4,25
T-VALUE -1,33182 -30.2547 28.75589 12.00000 23.92617 -142.139 -39.9929
Siqnificance
Tevel #H % t ¥ ] 2 #
1BAR 72 3.16 008 - 93.5 .9 113 4,04 3.8
SIGMA 04 0003 2.98 .03 004 .09 .21
v 45 3.42 1.12 3.45 3.75 1.34 5.4
T-VALUE -2.33295 -30.2204 35.21839 17.53625 20.39608 -141.998 -40.7856
Significance '
level 1] ] 2 % 3 & t
1BAR %% 2.63 145 133,74 6.49 134 .25 8.4
SIGHA 13 .005 .n A7 .005 O 73
C.v 5.04 3.59 2.78 2.51 3.7 3.4 8.7¢
T-VALUE -10.3471 44.52225 52.80770 98.79271 2b.43644 -126.924 -25.0136
Significance '
lavel # t ] ] ¥ ] ]
1BAR 120 1.8 411 83.4 8.67 A1 14045 12.2
SIGHA 05 .02 4.43 A7 006 .73 b
t.v 2.7 2.38 5.42 1.97 5.26  9.19 7.03
T-VALUE -40.2242 103.3930 22.56365 130.8599 14.33333 -102.742 -15.0137
Significance
level ] * # $ ] $ ]
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Table 23
CO-CULTURING OF C.utilis and E.fibuliger IN THE C.S.F.SECONDARY EFFLUENT
TIME STARCH RD.SUGAR CELL NO BIOMASS COD
(HR) (%w/v) (Lw/v) (NX10"& PROTEIN
' /ml)  (%w/v) (g/1)
XBAR 0 2 047 692.36 .154 b.b4
S1GMA .01 .003 6£.52 .0D2 .15
c.v 5.21 7 .01 ?.4 1.03 2.28
XBAR 24 14 .024 365 263 2.45
SIGMA .008 . 001 20.59 . D06 .15
c.v 5.49 4 .54 5.64 1.75 5.99
T-VALUE -13.2518 -20.5718 38.71700 48.74428 -535.8647
Significance
level *® # * #* #
XEAR 48 .12 011 358 .272 3.22
SIGMA .007 .D004% i2.14 . 003 .12
c.v 5.93 3.84 3.39 1.16 3.467
T-VALUE : ~18.5371 -33.6434 59.24483 92.56532 -50.3548
Significance
level * #* #* * *
XBAR 72 .1 .0osa 3460.Q03 .27 2.35
SIGMA .01 . 0004 20.17 .003 .07
c.v ) ?.88 5.45 5.6 1.07 3.79
T-VALUE -20.0000 -36.4470 38.78448 90.99789 -69.3652
Significance #* #* . # #

level



Table 24
CO-CUL. TURING

OF C.utilis and E.fibuliger IN THE C.S.F.SECONDARY

24

EFFLUENT

(Non~enriched)

TIME  STARCH
(HR) (%w/v)

RD.SUGAR CELL NO
(NX10" 6
/ml) (%w/v)

(hw/v)

BIOMASS
PROTEIN

T-VALUE
Significance
level

4.18

-18.0477

c.v

T-VALUE
Significance
level

3.67

8.95

Significance
level

70.68 <148
5.62 00+
7.95 .67

320 .24
17 .44 .00+
S.44 .71
38.54598 124.0000
+#* *
375 .218
7.2 .002
1.92 1.12
94.13734 38.54377
#* #*
260.5 .237
6.06 0o+
2.33 .63



Table 25

CO-CULTURING OF C.utilis AND E.fibulicer IN THE C.S.F.PRIMARY EFFLUENT UNDER
CONTROLLED CONDITIONS

=SSI=S=== x==s=== . s

TIME STARCH  RED.SUGAR - COD BOD E.f CELL C.u CELL BIQMASS
{HR) {IR/U)  (TW/U)  (q/litre)(g/litre)COUNT  COUNT  PROTEIN
(NX10°6 (NX10°6 (Xw/u)
/al) /al)
XEAR li] L0144
SIGHA 0004
t.v. 2,85
YBAR 0 1.92 037 a2 L2 2828 .D87%
S1GHA 473 004 J2 W] 1.35 .0084%
L.V, 9.2 3.8 2.29 6.7 4.78 9.59
XBAR 4 1.83 085 2.52 1.6 46.25 . 45535
S1GHA .07 .00 05 0 .12 2.41 .0029
C.v 4.04 .09 2.07 7.23 5,64 1.88
T-VALUE 1.350580 4.000000 143.2572 35.93536 50.12060 151.4622
Significance
level 1 1) & + L S
1BAR D& 1.83 017 46.25 16,25  .2134
SIGMA .08 .001 2.b1 .46 0005
c.v 4.34 A 5.64 8.8 2.3
T-VALUE 1.322939 40.00400 50. 12060 1207.473
Significance :
level " ] ] |
YBAR 8 1.5 .015 8.63 4.7 96.7% 1{21.85 .27131
SIGhA 03 004 .34 07 b.3b .08 01
C.v 5,84 5,53 3.99 1.5 07 4.71 3.69
T-VaLUE 6.036684 44,00000 80.95519 24.59474 41.71499 50.24734 77.44405

bignificance
lewe]

LAR

S1GkA

C.v

T-valLD
Significante
level

3 % ] # ] ] ]
it .84 069 7.25 3.8 105.62 164.37 313
006 - 002 .09 A2 .26 4.92 0048
.72 2.87 1.24 3.13 .08 2.96 1.55

17,4223 -30.3579 94.21552 27.74285 36.16689 B2.82680 184.4370

L3 L ] ] L B | ]

______________________________ {contd)
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1BAR 14 b .055 4,39 2.7 137.5 24 8247
SIGNA 02 .004 03 .12 b.45 4,32 .0039
c.v 4,42 .83 .b 4.28 (N1} 1.33 .92
T-VALUE 23.44455 ~12.3479 104.0918 31.83910 40.29593 191.1528 308.0085
Significance '

lavel $ ] ] ] 4 t
10AR 20 A5 .021 3.72 2.28 270.42 822,62  .4b19
S5T1GRA .02 00 J4 A1 12,37 9.7 .0084
C.v 3.536 4.42 1.57 4.6b b.42 .18 1,82
T-VALUE 23.60513 32.00000 108.6483 33.446992 44.06415 232.3465 153.5298
Significance

level % ] ¥ 8§ B # t
IBAR 24 4 015 2.86 1.22 281 1107.5 .33
SIGHMA .0t .000a 07 04 8.3 0.1 . 0057
c.v 2.47 5.34 2.49 1.54 3.14 3.64 1.08
T-VALUE 23.88145 48.58987 111.6478 37,77182 90.00997 74.52080 242.9941
Siqnificance

level ] ] ] + ] ] s
18AR 28 A .01 2.483 1.06 288 976,87 547
SIGMA .02 .DOD8 03 03 1.29  15.99  .0057
£y 4,56 8.1 1.1% 1.18 1.95 1.64 1.05
T-VALUE 24,40803 59.43302 112.9998 38.3981% 79.78325 149.2346 268.3036
Significance

level * # 1 ] 3 ¥ %
YBAR 32 .38 .aas 1.95 1.08 264.75 ged 321
SIGMA .02 0004 .02 .09 6,88 12.88 .0113
v 5.17 4. 13 1.03- 3.18 2.58 1.54 2.17
T-VALUE 24, 72919 76.45773 113,7245 38.08027 09,4432 177.4352 130.4080
Significance

level t & ] ) t ] ]
BAR k. .38 .008 2.3 1,32 283.12 789.2% 3134
S1GHA 008  .0004 o A 12.8 10.9  .0058
c.v 2.24 4,92 3.96 a.09 .52 1,38 1.12
T-VALUE 24.86419 76.15773 412.3338 37.05198 62.56127 198.8570 250.3b4b
Significance

level 3 2 & # 3 t ]

- {canld)



XBAR

SIGHA

.y

T-VALUE
Stgnificance
level

T-VALUE
Significance
lavel

lavel

C.v

T-VALUE
Significance
level

c.v

T-VALUE
Significance
level

C.v

T-VALUE
Significance
leyel

2.43 2.03 245.62  918,5  .5109

2 .1 8.51 7.645  .0097

N0 5.37 3.46 .83 1.9
108.9718 34.40275 81.63552 327.8306 148.9733

t ] ] t H
2.35 1 23687 1104 .503
03 06 1405 13,56 L0421

L2 385 591 .23 2
113,3138 38.40031 47.4B466 226,0357 117.5784

# 1 S ) ¢

40 37 O
002  .0004
6.05 3.39
23.05013 58.27935

+ '
44 34 .009
.01 .0003
3.3 5.54
25.49507 70.83502

¥ ¢
48 .32 004
.00%  .DO04
2.83 9.45

25.82577 86.646225

2.7 1.26 254,37 1027.5 4904
04 06 F.44  10.41 006k
1.3 5.06 N .96 1.34
112.6491 37.93467 76.21473 272.1680 214.7282

L + t § ]

t H
52 3 .0oa
01 .0003
3.58 b.62
25.97915 73.3b484

3 1
56 x| 209
N} o7
3.16 6.58

25.97913 64.87986

2.9 2.25 265 1085.37  .5274

04 07 .07 17.66  .0425

1.26 3.18 2.4 1,63 8.07
111.8644 33.79423 104.0140 170,6639 35.09912

t H ] 3 ]
2.14 95 269,37 1042.7%F L4999
A1 0% 1.9 5.88  .0095
£.95 5.5 5,93 .55 1.9

113.7034 3B.75770 57.32832 445.5830 148.8344

] # ) ] $

t 3
60 3 .00é
009 .0003
3.04 6.99

2b. 14860 B9.40148

2.32 .18 2785 1075.75 .35

04 o 6.4 b.8¢  .00BS

4.2¢ 8,36 5.94 b4 86
118,1396 37.564322 42.49908 444.8343 100.5577

# | ¥ ] 4
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81 DAL CHANSES (N T 4E ENRICHED CASSAYA STARCH FACTORY WASTES
DURING THE GHONTH OF A5 arqillus n‘o»r
[MOUCATH STARCH RED,SUGAR AHYLO ENSOGLY. E£YTRA G1GMASS
TikE AS GLY, AS GLUCOS GLY.ACT ACTIVITY CELLUGLAR PROTEIN
{HR) /) (M/WHLLW) (Spaacti- (IW/W) (TW/W)
vity)
E8AR 0 56,85 .006 0.00 .00 Jh2 1.6
SIGHA 3.0 .DGD 07 .03
' 5.32 9.% 9.33 3.35
XBAR 24 33.5 A3 5.9 8.35 978 3.2
§1GHA 2.92 .003 42 .09 04 .05
€.V, 5.4 2.04 7.42 1.14 3.7 1.63
T-VALUE -2.52  128.17 9.16  T71.55
STGNIF ICANCE
LEVEL " # ] )
1BAR L8 41,85 .252 24,42 2.8 z2.244 6.1
SICMA 1.99 .02 1.7 .02 085 4
¢.V. 4.7% 8.01 6.92 J 3.85 2.28
T-VALUE -13.09  38.88  33.8¢ -190.3& 42.19  95.72
SIGNIF [CANCE
LEVEL t ] | ] # 4
YBAR 72 33.15 104 8.77 4,51  2.50% 7
SIGNA t.72 .00 .61 .03 A8 A7
.V, 5.19 1.7 7. 47 7.18 2.48
T-VALUE -21.51  285.74 12,29 -127.33 28,32  94.37
STIMIFICANCE
LEEL + 3 ) } % +
1BAR %4 14,35 063 1.88 6.04 2,202 1.2
SIGMA 37 .003 A7 07 118 .15
¢.v. 2.57 5.35 9.22 f.14 5.38 2.06
T-VaLlE -43.82  58.92 -28.06 -64.07  33.45 112.00
SIGNIF [CANCE
LEVEL ) 3 # ' 1 ]
Y8AR 120 13.03 039 1.3 6 .84 1.7
SIGHA B4 .003 .08 05 109 .22
¢.v. b.42 7.84 .15 A3 5.9 2.88
T-VALUE -44.05  Jh.4t -38.02 -72.18 26,90  853.50
SIGNIFICANCE
LEVEL ] $ $ '} ] 3




29

Table 27
810 CHEMICAL CHANGES IN THE NON-ENRICHED CASSAVA STARCH

=2 ===== 2=

FACTORY WASTES DURING THE GROWTH OF Asperqillus niger

~==eSISSZSSSSIIITIEC =4

INCUBATN STARCH RED.SUGAR  AMYLO ENDOGLU. EXTRA BIOMASS
TINE AS GLU A5 GLU  GLUCOSI- ACTIVITY CELLULAR PROTEIN
COSE - COSE  DASE ACTI- (Sp.acti- PROTEIN
(hr) (To/w)  (w/w)  VITY(LLW)  vity) (Tw/v)  (Tw/w)

XBAR a 58.4 .006 0.00  0.00 395 1.4
STGHA 2.14  ,0003 ‘ ) .02 .06
t.v 3.67 1.2 £.56 5.75
IBAR 24 56 059 6,51  11.% JAY 2.4
STGMA 2.49 .005 &) 7 .01 .08
C.v 4,44 8.85 3.22 .39 1.61 2.5
T-VALUE 25§ B P 50.06  48.4%
Significance

value H ] # |
1BAR 48 54.45 093 16,45 1687 1.23% 3.2
5IGHA .17 .007 07 A2 034 A
c.v 3.82 1.09 4.69 J2. 2.7 .32
T-VALUE -3.27 .20 37.3%F  109.9% bk42 33.00
Significance . \
value 1 ] # & & ]
18AR 72 1.3 188 9.4 10.33  1.627 3.7
SIGHA 2.3 .005 92 09 078 A1
C.v 6.95 2.86 9.81 87 4,79 2.87
T-VALUE -25.21 11434 9.32 -41.88 48.38  45.482
Significance

value t 4 ] & ] 3
TBAR % 2b.4 .238 2.0 13.56  1.42% 3.68
SIGHA 1147 01 A3 A1 039 03
c.v 4,48 &6 L8 81 4.13 1,34
T-VALUE ~41.88 73.2]7 -38.73  M.TR 52,33 104.46
Significance

value # $ ] ] s #
18AR 120 23 373 8.19 17  1.468 3.7
SIGHA 1.2 03 J1 .33 074 19
C.v 4,8 7.92 8.63 2.06 5.04 3.03
T-VALUE =43.03  40.79 6,73 45,72 426 41.24
Significance

value ] $ ] ) | Y




Table 28 :
A10KETHENATTON OF CASSAVA STARCH FACTORY EFFLUENTS (C.5.F.E) IN BATCH DIGESTERS

TmEm s mman

==

==

30

FEFDING CONDITIONS SPAN OF  GAS AVERAGE INITIAL FINAL  TOTAL  INITIAL FINAL con

GAS  PRODUCED METHANE TOTAL TOTAL  SOLIDS COD  COD REDN
PRODUCTN (1/kg dryCONTENT SOLIDS SOLIDS REDN  (g/1)  (g/1) (g/1)
(DAYS)  matter) 1 1 1 1

XBAR 0.5.F.E+5T 10 L R 22 .22 1247 5.2 60.9%  6.39

SIGMA  COWDUNGUREA J0b .05 .03 2.9 2.9

L.y, 3.62 .51 42 452 4TS

XBAR  C.5.F.E451 6 T.58 20 822 T4k 706 bk B112 .68

SIGHA  COWDUNG WITHOUT UREA .03 .08 07 2.6 2.4 '

C.v. 4.57 .54 2 L2 35

XBAR  C.G.FLE+102 20 0 58 8.2 .02 38.M 6 5792 9.5

SIGNA  COMDUNG+UREA 09 05 .02 2.2 1.4

C.v. 3.66 .69 39 343 2.58

YBAR C.5.F.E+102 21 3M.beb 55 8.22 498 39.42 432 Sh.6 N4

SIGMA  COMDUNG WITHOUT UREA .04 .05 .03 .32 1.%

C.v. 2.42 b1 - 5.26 3.4

XBAR C.5.F.E+207 TR 82 822 483 424 656 5h2 2195

SIGMA  CONDUNG+UREA .4 05 .03 5,72 3.4

C.v. 14.07 Y, b2 872 .7

XBAR C.5.F.E+201 68 130.2 59 822 472 42.58 b4 % 6.9

SIGMA  CONDUNG 39 .05 .04 1.2 .52

C.v. 3.82 .51 85 2.5 2.5
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