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2.1 Anaerobic Fermentat as Production

:&adatian has a long history

onversion or bioconversion

Anaerobic
of study in micre

of renewable res® residues, biomass or

wastes, to che w0k al ‘acitivities, is a

result of catabg & absence of oxygen (12),

A wvariety of caf#ib olatile fatty acids,

alcohols and gases ¢ of biogas digestion,

methane (Cﬂﬁ} and ‘iz} are the main components of

gaseous products . on this subject are

also availahieﬁg;;——;;;fff~———--4
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mixgd population of bacteria. Many diverse_g;nara of obligate
and facultative anaerobes whose individual metabolic activities
perform at different trophic level, and different biochemical
reactions proceed in the anaerobic fermentation. Microbial
process in biogas digestion was formerly divided into only
three stages by three corresponding microbial groups, i.e.,

hydrolytic stage by hydrolytic group, acetate-




forming stage by acetate-forming group and methanogenic stage by
methanogenic bacteria. From the evidences that two corresponding
group involve in the second stages, they are : Rydrogen-producing
acetogenic bacteria and homoacetogenic bacteria, Zeikus had concluded

that, not three but four groups of microorganism were;correspunding

te biogas production proce: mention above, the biogas

digestion proceeds ia :’:--__ bic c : The effect of oxygen on

‘—4—

bioconversion procgss Oxygen is lethal to

strict anaerobes§" . ¥4 /the ‘metabolismiof some anaerobic species
and has no effec r-ﬁ fo eheciesy | Ik gadd that the microbial
process is interpdptef and the"p “ om of methane gas is stopped

by the presence offo
2,2.2 Envirofivensh¥ cactt

The eff_ici_e gction depends on some appropriate

conditions, e, 7 —leind _i ang _Wr.ﬁﬁ.;._t_{;: substrate, loading

rate, solid mnzﬁu

toxic substances, '1 ients cnnca tration and type of digesters (18,

e ﬂ‘lJEJ’J‘VIEWI‘iWH’]ﬂ‘i

1 uﬁ acidity/alkalinity (pH],

Fermentation of carbohydrates, proteins and long-chain
fatty acids initially leads to the formation of lower volatile fatty
acids, alcohols, other neutral compounds, hydrogen [Hzl and carbon
dioxide, Even though hydrogen is rarely detected in the mixed gas

(20, 21), but it plays a key regulatory role in the overall digestion



process (22). Hydrogen is rapidly and preferentially oxidized by
all known methane-forming bacteria (12, 23) in the process of reduction

of co, to mi_i{zf.}.

Hydrogen-producing acetogens degrade the alcohols and long—-

chain fatty acids pru&uc / rolytic group, and producing

acetate, 1‘12 and E{}z. . bacteria, hydrogen is formed

and accumulated in ¢ gkowth of hydrogen-producing

with methanogenic
.\.\_\\

dizing activities to

acetogens will
bacteria, hydrog \

methane by the a rgeg ' fof hydrogen producing
acetogens can occ ‘ gﬁf 3 *.- pothe substrate for

methanogenes and fe_ 18 : ';‘::.. £y nanogenesis, but it also
regulates the rate offagptogencsi d provides the overall mechanism

for terminal electrun r, nge permitting the continued breakdown

of intermediate c-:::;*:f:mu SRELRROLIC Shferactions of non-methanogenic
”~ process are important,
Recent investigat hnve establishuﬁ that utilization of H, by

wsvnnl S4SHEL40 B BT o e

activities 8f other ‘ha:teri% a2, 22, 25) It means , that hydrogen
m&%ﬁ@ﬂam miwqﬂ’}awg:r]ta Etnn reduction,
either solely or as a supplement to the formation of reduced organic
end products for disposing of electpons, This coupled oxidation=-
reduction reactions hetulreen, non-me thanogenic bacteria and methanogenic
bacteria during fermentation of onme initial substrated is termed

"interspecies hydrogen-transfer" by ILannotti (22),




2.3 Cellulosic Wastes as Resources

2.3.1 MHNature d Availability of CelluloSe

Cellulose is a main component of cell-wall material
or skeletal polysaccharide of wood and plants,amounting to approximately

fifty per cent,and exists &8s'a i ordered crystalline structure

4 glucosidic bonds (26, 27,
28). Cotton is - duble in 17,5 ¥ NaOH,
Plant and wood f - cellulose, a material
soluble in the ulose occurs in the

presence of hemi ire and lignin, a nonpoly-
wolecule is generally in
alose is partially hydrolyzed,
lose and cellotetraose can be
isolated. Coupla hy 1 yields D=(4)-glucose as the

only monosacc ..---—_“--'":—-m*‘ﬁ-fﬁ*\z; so occur in the presence

v "

of cellulose, e.ﬂ, pen: tarch .

1 ‘ﬁ e 'm _ sting as fibrils in
inqg bm::.ayﬂe mm mierally by hydrogen
T A
strucure :1 acmm:m swollen mﬂse s open ; and this

material is readily split by cellul@se, Direct conversion of waste

cellulose by acid and enzymatic hydrolysis processes yields glucose
(26,28, 29, 30).




Waste cellulose is plentiful and offers the most immediate
promise for economic utilization. Cellulose is a major component of
agricultureal wastes (straw, leaves and stalks of many plants, rice
and other hulls, peanut and other shells, corn cobs, bagasse, etc,),

food processing wastes (fruif pgels, pulp, vegetable trimming, ete,),

wood wastes chip, bar r mill fines, etc.), and

d J&Sé) 1t is expensive to dispose

availability of cellulosic

el \
/ il | - 1Y & | .Abundant r.:heap substrates

gas technology is the one

municipal wastes (g
these wastes wi
wastes, especls
for any processes

of any processes evelop,

2,3.2 Enzyms : of Céllulose

at the degradation of cellulose
is a complex ﬂ: 2556, | dcipation of a group of
enzymes called

ytic enzymes are produced
by micranrgania@ that 'a

115 rih'%d i‘.ﬂ. DE'I:IITE. iIEI’- baﬂt'&ria'

actinomycet r fungi. @There are at least three different
crpes ot ‘H&JQ dekadha: Kadd ) [k giucanse, eno-s-1,
mua B-glucosidase (31, 32, 33). The gxoglucanase

3 &W'lﬁﬁrﬂlimﬂlﬁ’lg £kt Bhalthsose eom

the uou-reducing end of the cellulose chain (31). 'l1_1e endoglucanases
are the group of enzymes called B-1, 4-glucanglucanchydrolases
that randomly hydrolyze B-1, 4-glucamns (32). The glucosidase or

cellobiase hydrolyzes mainly cellobiose, but also higher cellodextrins



* to glucose (34). One of the most important properties of cellulases
is heat stable, since the enzymatic hydrolysis of cellulose proceeds
faster at higher temperature. Mareover, endoglucanases are more stable
than exoglucanases (34). |

The mechanism fox / llulose degradation has not
yet been completely éﬂve&ﬂgatiam (31, 32, 33
e —
34, 35) have propo tiate the attack on

X native cellulose . Free ends for
exoglucanase ares '  Fhg sites o erystalline regions
of the cellulose £ andoglueanases have different
substrate specifi iety of substrates. In
the second step, e lyzed cellulose, and
cellobioses are creafed( cosidase will attack on
cellobiose, and glucose duct of complete hydrolysis.

y —

Endngl b strongly synergistic

ﬂaly solubilize crystlllim cellulose (34) but not

1k 1) ()1 S
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on its conversion to glucose, which, in turn, is often converted into

action to effec

other useful products. The biological processes for productions
of food, feed, chemicals and fuels from cellulose may be either

multiple conversions or single conversion. In general, the multiple




processes may occur naturally, e.g., the conyersions of cellulose
to meat by ruminants (16), to microbial protein (39, 40, 41), to
biofuel : methane or hydrogen gas(39) and to compost {E; 42, 43).
Single conversion of cellulose to glucose may be accomplished by
either acid hydrolysis o\f nZY! / drolysis. The sugar‘ from these
processes were used £o'p: a¢ éﬁl and to grow yeasts used

as single cell pro

2.4 Anaercbic ule

A 0 of .li',
Eroup | ; o ‘

a sole carbon sou

ow well on cellulose as
llulolytic bacteria.
Many products are 1 il W ture of this group, such as H,,

L7
—

2 formic, acetic, bu i¢ and succinic acids and ethanol

co
(45). In natur@l. = metabolic interactions
with other grougs v i8c/ other products. In the

rumen or the micwbbial fermentation tank oﬂrund.mta. acetic acid,
butyric a ﬂdﬁl%ﬁ : ﬁt Conversion of lower fatty
acids u:ﬂ! e ugn E[il _ E]’;]:ﬁm ltures and may alﬁo
oc m' 45) o ; Ho tﬁ:ﬁ( ria are also
503 MErah j::' ﬁ ;.la ' éj.g., ﬂnntu, and

soils. The early work with anaerobic cellulolytic bacteria has

been reviewed by Hungate (43).

2.4.1 Rumen : A Novel Habitat

Anaenobic cellulolytic bacteria are found in many

natural habitats, for instance, in soil, in digestive sludge and in
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rumen (46), Rumen is a very intereatilng habitat for studying cellulolytic
bacteria, since most of known cellulolytic bacteria are isolated from

this organ.

The ruminants differ frnm other mammals by means of food

breakdown process. Its

mammalian digestiem™: i : , many microbial

"';;'lull 'nt‘ the rumen is

well adapted fo utain ing of a large n:m&iverne microbial
populatio ﬁ? ativelf-‘constant in supply of food and
water, soaﬂ al Bﬂ c i ent§ su W mire held at about
Eﬂ ﬁm relatively
DR eI () s

ingesta and the blood stream with regard to hydrogen ions (47),
Rumen content is a heterogeneous mixture with various degrees of
stratification depending on such factors as the time after feeding,

the type of ration and water supply. There are abundent evidences.
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that samples taken from different locations in the rumen vary considerably
in chemical composition and in rates at which various reactions occur
(48) . Anyway, data on rates of reactions may very depending on

sampling time and water supply (49). By direct microscopic methods,

the numbers of bacterial cou e ry all a day long even in
animals fed on a constagt fatic pntso method of feeding, i.e.,
s or roughages are fed
separately or not, Gngh b /(5 ‘ i  - A almost equal numbers of
cellulolytic bactgaf® 6 £ T uid and Solid samples, but, Gall

v : 1 solid samples seemed to be
higher than liquid fauplés and ;," ' ‘af bacterial counts from
liquid samples migh{ vl .‘.‘ hod of sampling : that
was higher in liquid e 3 fistula than liquid obtained

directly from stomach ti

) Minato ":;-f;' |8 Cco- ;"f the technigue for
fractionation of i! acterld TH rumen o trnhi@ ecosystem, Generally,

it is based on thefattachment abid#ty of bacteria to solid substrate

mnmmrﬂumgmlmm ﬂéq m that the amount of
bact tM‘.hEd re about B8fJ~24 per cent of

N @R e b (TN ol Y
com:al, bacillus and spiral forms, Most of them were gram-negative
rods, Furthermore, they found that the specific f~glucosidase

activity of those attached bacteria was significantly high compared

with amylase and urease activities,
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2,4.2 Culture Media

Because of difficulties for pure culture studies,
culture media have been developed for isolation and/or enumeration

of cellulolytic bacteria. Many researcher had formerly used indirect

enrichment technique by us : dium (46). This method was

more expensive and with direct enrichment

technique or semi-sgld . e latker one has several

advantages, i.e., wobtaining pure cultures

s.depended on an attempt

to provide medium ' t iem condition (50, 54),
A series of studiegl that bicerbonate and/or carbon
% ] = - }
dioxide (46, 50, 5 Hing: ags 46, 55, 56, 57) and growth

factors (50, 54) are A of the anaerobic cellulytic
bacteria. Besides that-feSezuri : so added in the medium as

oxygen indi—::ata ==

as a source of pﬂth :

cysteine as a usualdy s reducing agigt and cellulose as a subtrate in

e sesionfi HM%WTW 8113
__ﬂﬁlﬁﬂﬂimmﬂ ANEIRY

Far bufferring effect in the medium

ture, rumen fluid

===

aﬁ&—hicarbonate buffer,

ok
For maintaining a low oxidation-reduction potential

in the medium,
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2.4.3 Isolation Technique

Method of sampling prior to inoculating on culture
medium can assume considerable importance. Speed of sample taking

and exclusion of air from the sample have been emphasized (58).

time before culture p quantcitative nge in total bacterial
counts was not found (54 sharige was detected (59).
From these evidences, should be processed

as rapidly as posibl€.

In early works gl by Hungate (46), called

Hugate teachnique was wi preparations of oxygen-—
free gas and racngendsd medi i, 29g lon, isolation and transfer
of colonies, Althgd fage has been widely
accepted, but it is {I 1 ) r:-w- instead of petri
dishes, and thus imosfs diffinulties in singla—nuluny purification

of isolates. ﬁduig w ﬂnﬂﬁ:w Hé]rﬂléjﬂnha boxes have

been graduallngvelopad (60, t}l) Early performing uf anaerobic
i HAFIR IO HRITNEIA G

was remo :l by passing through a glass tube containing copper burning
at 350°c before delivery to the carbinet and to scavenge residual
oxygen in the carbinet by using palladium catalyst. Right now, new

technologies are involved in the subject and modern anaerobie

chambers are created. It is the convenience and ease in handling which makes
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this new equipment used worldwide .and as a result many species of anaerobic

bacteria have been isolated from natural habitats.

2.4.4 Known Anaerobic Cellulolytic Bacteria

By using the g hology and the ability of spore

% are separated into 3 groups,

énrming rods and cocci (46,53).
———

forming anaerobic cellulad

bacteria, are couﬂiue d

I
1., cillobacteria group,

succinic acid produ€img bacteriodsddnd butyrivibrio group. Some

spectes of Bhlbt) SIEIIA Julld ELd 1) Ruse 2.1
2 ¢ o o/

§ WTRANICUHRVENE TR
gram-p&itiwb rod, cellobacteria group was placed into genus
Cillobacterium (70), and only one species of this genus was found
in the ruminal fluid from a cow pastured on clover and named

C. cellulosolvens (71, 72), It is suggested that cillobacteria

group is not an important ruminal species, Succinic acid-producing
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Table 2.1 Known Anaerobic Cellulolytic bacterie,

Microorganism

Reference

Sporeforming rod
Clostridium cellg

Micromonospara g

Non-Sporeforming rog

Butyrivibrio £

Eubacterium cel]
Bacterolides rumi

Succinimonas amylg

Hungate 1944 (65)

Hungate 1946 (66)

Bryant et al, 1956 (69)
Bryant et al. 1958 (67)
Bryant et al. 1958 (67)

Bryant et al 1958 (67)

Bacteroides succinogeWes — Hungate 1950 (46)

Bu -rivihr_@ 3

Jongate 1966 (24)

Cocci m

Rmninnbacter

I
i)
Sijpesteijn 1948 (68)

Rumim&u Mﬂ ‘ﬁ w E]’]‘ ﬂj{:ssteijn 1951 (55)

Rmﬂ.nuc cus albuu

- Hungat blﬂl.‘i? (64)

009840
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bacteriods appear to be among the more important bacteria present in
the rumen. This group is strictly anaerobic, non-motile, gram—
negative rods that produce large amounts of sucecinic acid from
carbohydrate fermentations. The presence of these and many

other succinic acid producing bacteria (46, 67) may involve in the

high production of propio minal contents. These bacterig

act on carbohydrates produce succinic acid

which is further de acid by other ruminal

microorganisms (6 succinic acid-producing

bacteriods utili=z are Bacteroides

succinogenes Hung lus Hanalin and Hungate

(74) and B. rumino e variation of morphological

d usually in B. ELcinEE?ﬂE___Eg_,
. characteristics (46, 50, 75
75) and all strains re atile fatty acid for growth

(76). = '

Butyrivihlmu group, the member of n spore-forming rod, wasg

a small g;- mﬂyfﬂ wide variety of
carhohy&rath pr:éﬂ 22 j ~ acids, and
sho p'Tna ?;EI: ation (46),
‘I'hi:?ﬂ:ﬁm b iﬂ ﬂmﬁjﬂﬂ’li fed a variety

of rations. (69). The genus mi_ﬂbria was established with
the type species B, fibrisolvens Hungate, which acted on glucose,
resul ting butyric acid, However, the production of acetic acid

may be detected in the carbohydrate fermentation by some strains
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of this type species. Only 3 of the 48 strains of B. fibrisolvens

were shown to ferment cellulese (53).

Anaerobie cellulolytic cocci have been isolated in a large
species that have ability to

w genua Ruminococcus (77).

Jl&

digestion in the hey aftae OB gram-positive, - n-

\\\\\\{\ d ::llulnse with the
L d first type species

number from ruminal contents

ferment cellulose are c

It is believed that mportant role in cellulose

motile, non spore

production of lafge

Ll

R. flavefaciens teria in this genus

may be gram-negati ermented carbohydrate to
form acetate,a leas yus combinations of

ethanol, formate, lac 46), This evident is
coniermed by Bryant £ % ik al_variety of the species

R. ﬂewefaciens o

and yellow pig:meﬁ are us om % fermentation of

cellulose, or fermehged cellulosegor cellobiose, not from other

cugare (6 ﬂ&lﬁl Y] Ehdhed $atds ) Bdococeus atmus

Hungate {ﬁﬁ} was established to include, other straips of ruminococci
O e
of thin species were quite variable but most strains differed from

the type species in producing little or no yellow pigment, cells

were usually arranged singly or in pairs, gram-negafive to gram—
variable, Fermentation products included H‘E-‘ Gﬂz, ethanol, acetic

acid, formic acid and lactic acid in various combinations and
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proportion. On the comparison to R. flavefaciens, higher production

of H2 and Gﬂz were found in R. albus (53).

2.5 Methanogensis

2.5.1 Definitig

most anaerobic envir : 43 been reeognized and documented for

more than a centu s of an anaerobic
decomposition of o aﬁitats, such as sewage
digestive sludge, € festinal tracts and in
sediments and muds éseﬁizsg, _[fg abitats, and producing
gases, mainly CH4 and .f:-;f?;; .} The producing gases or

2.5.2 Substpates

UEANINIBIINT - o

As menti ane above,

= RIRIMN SUTRTIM IR o

or ovekall pathway regulator and also hydrogen source (in H -CGZ
system). In term of carbon source in the process acetate and carbon
dioxide appear to be the major immediate methame precursors in many
anaerobic enviromments (12, 14). The relative importance of these
precursors can be compared because acetate conversion to methane |

occurs [by reduction of the intact methyl groups and not via CO,
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as an intermediate (12, 79, 80, 81). In different environments the
relative amounts of methane formed from these substrates varies
(12, 13, 82). e.g., in anaerobic waste digesters, in rice paddy
soil, in lake sediments, percentages of the methane produced from

acetate are 73-90, 60 an .

vely, and the lest from
carbon dioxide. Im importance of acetate

in methanogenesis, 59¢% % of theemethane formed in the rumen

was derived from 4%" h‘;J_ Sandbeck and Ward (48)
examined the fates ' le and_ | :ﬁ._jh oxide in several experiments

designed to indicgl . " :f  ﬂu:  butions to methane

production at va : ‘ .;SP'. two low-sulfate, hot-spring

involves in the migrdhial pruuens of methane formatiom i.e.

co-enzyme ﬂAH ﬁ%ﬁﬁ ﬂ?ﬂ Wmﬂ?f these two

enzymes ha#u been shown in 9ggendix A. Conenzyme H or

RCE P A e

been 1dantifiad as 2-mercaptoethane sulfonic acid.

It is the smallest of all known coenzymes and exceptionally

high in sulfur content and acidity (84). Co M is coupled

via a newly discovered methyl reductase to the activation

of CO, and generates methyl group in the terminal step of 002
reduction to GHQ (84, 85, 86, B?? 88). It was concluded that this

cofactor does not play a general role in other methyl transfer reactioms.
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Similar to Co M, coenzyme F, ., has not so far found in any
other living tissues, and has fluorescence at a wavelength of 420
nm., The structure of coenzyme Fﬁ:ﬁ or E&ZE' a low potential electrom
carrier, was elucidated by Eirich et al (89). It has been idenfied

as flavin mononucleotide anclc 8—didemethyl-8-hydroxy-5-deazariboflavin-

r-L-glutamyl)-L-glutamic
r linkage. The cofactor
operates as a 2-elECtru f pbx fﬁrf':'t_ lic and catabolic reactions

in methane-forming La€tefid/ (15} 90, 93 94).

bey summerized that HZ is

e product of ﬂﬂz reduction
or i}lj-ﬂnl-i is reduced & (2 95) In addition to Fﬁzﬂ,uther

: , ' 0) and F.30 have been described
but the role is present —?'4”5'1-'-, 63,97, 98, 99). However, both

= {cation of methanogens

by fluorescent miw apparent that reduction

]
o}
of ﬂﬂz to CH by tt;anafar of l‘.':l.ght electrons is a very complicated

process, ﬂwfa ﬁ&m w%ﬂ szymas and carriers,

the mechanidhs of which remgin to be elucidated.

ammﬂimumawmaﬂ

2,6 enic Bacteria

This group of bacteria has a specific type of energy yielding
metabolism and unique ability to produce methane. The distribution

of methanogenic bacteria or, in short, methanogens and activities are
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restrictly to anoxic environments where associated microorganisms
maintain a condition of law oxidation-reduction energy and also
produce substrates for methanogenesis as well as other nutrient

factors. The details of methanogens have been reviewed by Zeikus

(14) and others (15, 1

It : /. story about -v;nﬁuatible air or

mﬂthama formed in = gfdduents

decaying vegetatio ited by 106) found that
the origin of meths ga ed. ¥ 1y, anaerobic bacteria. From
1950 until 1978, thefeh &;L tivities of methanogens
have been investigate I T and his coworkers and
others (15, 102, 103, IW zed that these groups of

bacteria (will b e

From ‘Berge gsManual (107} general characteristics of

mmgﬂﬂuﬂm PG 3E Ddcdion, momphorosy

var —_ 411ufh and coccidy, gram staiming varies, wide
e S T R R

and uncertainty of early taxonomic schemes proposed only three genera.

2.6.2 New Trend of Taxonomic Schemes

Methanogens are recognized as members of the family

Me thanobacteriaceae (107). By physiological specification, Bryant
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classified this family into three genera, i.e., Methanobacterium,

Methanosarcina and Methanococcus. It is true that an evolution is also
occurring | in bacterial taxonomy. Because of inadequate taxomomic

data from poorly developed methods for phylogenic studies, the

result of a qualitative appreachfprovides little insight into the

relationships between the various & (15) Fortunately, the
" | #.

successfully moleculs pproacire QE phylogeny has been

modified and extende \‘ﬁ gmain, Depending on the

ribosomal RNA sequegte - - o\explore prokaryote phylogeny,

2 major lines of descent,

the archaebacte®fs and 2 : a"}' bacteria). The

‘archaebacteria is¥quite distinct from the &t&r -ane in phenotype

and should ﬁﬁmﬁq akaryntes. Their
unique charqf.te ics are fer nces 11wn.11 structure

W L BRI Nieh (T
of tyfiical cell walls ¥y A1) d f erences in lipid composition

in cellular membrane, l major component is a branched chain (phytany),

——— ———— —— ——— T ———— o e o o e et S,

* The name archarbacteria implies that these organisms were the
dominant ones in the primeval biosphere, and the atmosplere at
that time was rich in Cﬂ'2 and included some hydrogen but virtually

free of oxygen.
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ether-linked lipid (115, 116), (iii) unique cellular morphology (113,
114), (iv) differences in transfer RNA (tRNA), devoiding of ribothymidine
in the thymine-psendouridine-cystidine or T§C loop (117), (v) differences
in RNA polymerase subunit structures (118), and (vi) unique

coenzymes are presented (15, \

The archaebacteria are now

known to include three ds of bacteria : methanogens,

l&ﬁ shown in Figure 2.1,

sed some where (104, 105,

extreme halophiles
details of archaebac

109, 110).

At any ral ‘n sThave hee nsidered to be as old
as or older than Based on comparative
analysis of 165 r ormations;all known
methanogens can be cl e orders, four families and
seven genera, as shown 4w 7 stead of three genera, the

seven proposed popera-are-iethanobaciesiuiy ‘ ancbrevibacter

Methanococcus, Methanomi lancpe i; Methanospirillum
‘l' — _——— ‘

and Methanosarcina g Antil 1972, %‘l}' nine species of methanugen-s

were xeconibehd B B Wt M Goon, arcen

species haw.- been propoaed.( Any of foxmer species may be changed,
‘ 8¢ &

(e beltabollablial G fobusnas. x

21 strains of the type species have been known.

2.6.3 Culture Media

All known pure cultures of methanogens utilize

hydrogen and/or acetate as a source of energy and NH: as a nitrogen



Ancestral

urcaryotes

J ]
Figure 2.1 ﬁuﬂﬁﬂﬁm@myﬁ ﬂiﬁ lines of
ARIAINIUNAINYINY




— M. formicicum

—M., ruminantiim

M. orbiriphdlus

L M, smithii

M, vaonielii

Strain

MF

| M, bryantii _—__1:!,&.5.-
M. o .H.G.

| M, thermoautotrophiwm —28

438 % EA

Sz
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source (129, There are at least three basal media which are successful
and widely use in isolation of methanogens (15). As fastidious as
cellulolytic bacteria, the basal media should contain trace minerals

trace vitamins, sodium bicarbonate, sodium acetate, sodium formate,

f/“

‘—
2,6.4 Isolat: gi-Techy i 16

yeast extract, trypticase and‘ e hydrochloride and alse sodium

sulfide as reducing agent:

I\\\\

By i d cylinders have made

more advantage in thegdCultiy tien-of methan ns. These fastidious

organisms are easily gt basal medium (15).

After inmoculation iT the semi-solid plates

are transferred into a e chamber, the cylinder

was pressurized to 2 atmospi i mixed gases of HZI and an in
2080 7/ A

the ratio of 80 & d By either methane

production or desg 1" both (15). Ultralow-

oxygen chamber buiﬂ inside t
(119) .

L pment m&:e a possible alternative

ﬂ‘iJEl’JVIEWﬁWEWﬂ‘i

Bacterial activities may proceed useful prnducts to gain
benefits on the quality of human life. Pure culture technique is
one of those which may be performed by using only one, or two or

three kinds of selected microbes in the process, which is -commonly
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called single culture, double or co-cuiture and triple or tri-
cul ture, respectively. Ethanol produced from molasses is a well-
known example of pure culture of one selected strain of yeasts.
In co-culture or tri-culture systems, either same or different

kinds of microbes are chosen,y 11 may be bacteria, or fungi

and the combinations o
important to . smcey s
been degraded by nne/ i

utilized by ano ther

- relationships are considerably
he substrate has firstly
ruduct {s)ihas further been
xpected or useful
product(s) has be :'; ety gatinns have proved
7 axpanded to bio-conversion
domain, e.g., the pro oupcioflethdnol (16, 123) and fatty acids

(22, 122, 124), and thgBe k¥ beefsummarized in Table 2.2

In general, } R ; item certain substrates, espEﬂiallyl ;
cellulosic wastdEr& s ioned—belote—tit-aeiy 1) , Were not so high b
rf mr-ﬁ "._._ \‘ ¥ E b
using multiple stﬁi ns of . o nﬁ:es in conventional

biogas digesters (_9;& 13)., Gn—ﬂlture and tri-culture have recently

SRR XD ST ——

processes nfq':inmns degradagion and prnductinnén biogas t:latwr:.]:m.*.1.1..;_-,33,r
o A ) SUABIRN YR Bse o
‘hacteria and fungi or the combinations of tﬁose micro‘ban have been
usually utilized in any system. The proper researghes have emphasizeq
in cellulose degradation, so that the selected strains of cellulolytie

organisms and methanogenic bacteria are included in the biogas




Go-cul ture

Ethanol

Acetivibrio cellulolyticus +

Yeast

Clostridium thermocellum +

Clostridium thermesaccharolyticum
G

Fatty acid (acetic acid)

Ruminococcus albus +

Vibrio succinogenes ﬂu al"ﬂﬂtnj |

Beference

‘Evbacterium limnosum +q wr] a ﬂ@@d uvlfll'j ﬂ m-é:ﬂmz

chnospira multiparus

Husnair (123)

Zeikus (16)

Tannotti (22)

Bode (124)
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digester. The summary of this subject has shown in Table 2.3, Even
though those studies were conducted just only in a laboratory scale,
but some indications show that pure culture technique of co-culture or

tri-culture would be possibly implied.

AULINININYINS
ARIANATAUNMINGIAD



Desulfovibrio sp, +

M‘%"W'] AN

hﬂlh.ambtr-
Methanobrevibacter sp. +
Methanosarcina barkeri

Eallulne-&

Reference

e e UH AN LN MENN S

SUNANINYIA Y

Cellulose

-

Chen (121)

Wedmer (122)

Patel (120}

Bauchop (125)

Laube (%3]

Momtfort (L26)
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