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i Two of 123 strains of the thermophilic cellulolytic bacteria were
selected and named C23 and C73.The fermentation products of cellulose were
| acetate ;and carbon dioxide. Three of 147 strains of the thermophilic
. methanogens were selected and named M38, M47, and M48. They all utilized

carbon dioxide and acetate as s k tes for methane production. The
fermentation of pure cellulose by 't hilic cellulolytic bacteria in
the absence and presence of themoph’i;')}thanogens was studied. In the
monoculture, millimoles ofwproducts per Geam of cellulose fermented were
acetate, 0.523-0.605; amd™ecarbon d.JLoxidé,' “10.8-13.8. In the coculture of
cellulose fermentation,.—*tﬁ'éf_-gmou s —of volatile fatty acids (acetate,
propionate, and butyrate €/ determined. “Acetate was the- only volatile
fatty acid found. A g apxd carbon dioxide 'eontents decreased whereas
substantial amounts of J ‘re produced (4.73-6.54 mmol/g cellulose).
In the fermentation -te, the monocultures of the thermophilic
cellulolytic bacteria s and_t‘73 produced 1.04-1.16 mmol acetate/g
paper waste and 10.9 ol carbon dioxide/g paper waste. In the
presence of .thermophili npgens;& acetate and carbon dioxide decreased
in all six coculture tions, prfd methane was formed at 4.97-6.73
mmol/g paper waste. the siX cﬁ'xﬁblnatlons for biogas production, the
coculture of thermophi]l #€ 34 .c*ellulﬂlytlc bacteria strain C23 and
thermophlllc methanogen in M48 produced the highest amount of methane.
ther 1nvestlgatlons in paper waste

o — 4
. ¥
J :

a1 p). ENVIRONMENTAL SCIENCE muuaxammmmﬁnm ?'@

?.lﬂﬁﬁﬂﬂ‘l 1995 o m:mmmmmsnmﬁnun'm ey




ACKNOWLEDGEMENT

I wish to express my utmost appreciation and sincere gratitude to my thesis
advisor, Assistant Professor Dr. Pin-Chawee Vejjanukroh, for her valuable suggestion,
assistance, guidance, time spent discussing on various aspects, and strong

encouragement during the thesis work. 7
i F

It is a pleasure to acknowledge the ﬁeﬁ%ent of General Science, Faculty of
Science; the Gas Chromatography UmtJand the Seanning Electron Microscopic Unit,
the Scientific and Tec /)pgmjﬂ Instrqment Center, Chulalongkorn University, for
offering laboratory facilities'in the researéh.

‘,-“ i

xpreés _‘y appreciation to Assistant Professor Dr.
c’éte Prof;sSor Dr. Chaufah Thongthai, Assistant
i a4 anEf Dr. AP)e,npak Tasakorn, the members of thesis

I also would like
Kumthorn Thirakhupt,
Professor Dr. Sirirat Ren

committee, for their valu 7
4 =
My sincere gratitude i is du&to Mrs:fuﬂy Brown and Mrs. Peggy McNutt, my

former rmcroblology and cherfustry teach’érs at Montgomery Blair High School,

Maryland, USA, for't)k!rmggestiormdidm.—;j

Very specw:l__.; thanks are dueto Assista_ét Professor Dr. Somkiat
Piyathiratitiworakul, thes Department of Marine Science, for offering a camera-
equipped microscope and Mr. Chainamm Prempreechakul for lending a crimper for

aluminum seal and a gas regulator throughout my anaerobic works,

I 'must thank the following people and: friends for their help and strong
encouragement; Assistant Professor Dr. Jariya Suchareekul, Mrs. Sunee
Panichtharasit, Mrs. Rujiporn Prateepasen, Mrs. Naiyanan Ariyakanon, Ms. Warintorn
Manosittisak, Ms. Mukda Chea, Mr. Chaiwat Ngamjettanawat, Ms. Sasidhorn
Buddhawong, Ms. Premruedee Chamchalio, Mr. Roj Khun-anake, staff at the Faculty

of Science’s library, and staff at the Department of General Science.

Thanks to Ms. Whitney F. Small at Burson-Marsteller (Thailand) Ltd. for

giving me a chance to further my education while working.



I am indebted to the Graduate School of Chulalongkorn University . for
financial assistance to partly undertake the research. Also, a two-year scholarship
awarded by the University Development Committee (UDC), Ministry of University
Affairs, is fully acknowledged.

As the last opportunity, I would like to express my wholeheartedly thanks,

AULININTNYINT
AN TUNNINGAY



CONTENTS

Page
THAMARBIRACT ... 5.l e s Gl sl iv
ENGLISH ABSTRACT ¥
ACKNOWLEDGEMENT vi
CONTENTES. ... i il viii
LIST OF TABLES. ..............» X1
LIST OF FIGURES...... S ... Xiv
ABBREVIATION ... o™ it | xix
CHAPTER
1 1
3
4
4
4
2 5
.
B s 3
D 1gest@1 Procem.........c......i.. .
2. L.3 Environmental u1rements .................................. 10
R T CTIET T S—
213 Cellulosic Wastes Sources and Exp101tat10n ........................ 12
QW/'] amngmﬁa’}aﬂ ............ 12
2.3.2 Enzymatic Hydrolysis of Cellulose..........................
2.3.3 The Use of Congo Red in Cellulase Detection ........ 14
2.4 Anaerobic Cellulolytic Bacteria.....................cccccoceiinnne. 1%
SECTIIE . e R i 15
TALNIR IR ... 5o oee oo i eveatiastonsinsimas sosin 15
2.4.3 Isolation Methods..........cc..cccimmuiiieriiasiinsaiinaioes 16



CONTENTS (CONT.)

2.5 Bicmethaiogeneaiat. ... o o2l aea 0 e 19
pabde b T RO e S NIRRT o e 19

3 %«3 pecial Instrum ................................................ 28

ﬂaﬂlﬁe@ew EJ ‘n ‘3 ng’]ﬂj ........................ 29

3.4.1 Media f%r Thermophlhc Cellulolytic Bactena .......... 29

QW’I@W ﬂmﬁlﬂd}ﬂ E] ............ zz

amples an BVAHON PIOCONIS. .............c.c0ccoci0ninviinnnes

3.5.1 Isolation and Screening of Thermophilic

CellulolyticBacteria ......................co..cccorineennennnne.. 30
3.5.2 Isolation and Screening of Thermophilic

s A e s B EE N N A 31
3.5.3 Mixture of All Samples.......................ccccoeveienn.. 31

3.6 Fermentation of CelluloSe ..............oovoveeeeeeeeeeee 32



X
CONTENTS (CONT.)
Page
3.6.1 Fermentation of Cellulose by Coculture................... 32
3.6.2 Fermentation of Cellulose by Mixed Culture........... 32
3.7 Fermentation of PAper WaBte ...........ccccoitsiiivoeenssiisssvnmviisnhe 34
n/of P per Waste by Coculture............. 34
aste by Mixed Culture...... 34
..................................... 35
................................. 35
.............................. 33
....................... 36
4  RESULGS F FF st AW N ..., 38
................................ 38
.......................... 38
3 _ NS ... 39
42F ennentatlo;‘!b@ﬁ;- : / Thermophilic Coculture ........... 41
43 Fﬁﬂentatlon of l"ffar‘];&; ‘ast e by Thermophilic Coculture..... 42
5 DIS tv (8) & B T 61
REFERENCES....... ij“ e B i s 7
AEREMDIVES.. . . gt Ml ok B it s B ESE Sal 84
i | VA W
of Coer;;ymes ....................................................... 85

oo Me YR Th e

and Calculation Method for Gaseous Products



xi
CONTENTS (CONT.)
Page
APPENDIX D Preparation of Standard Solution, Condition of
Chromatopac, and Chromatogram of Standard
Yolatile Pty Bestle .. vt i 97
APPENDIX E A paration of Reagents, Standard Curve, and
u ! ‘ llulose Determination..... 99
APPENDIXF _“Férmentation of y Thermophilic
i ...................................... 101
APPENDIX G et asteby Themopili
.................................. 116
BIOGRAPHY ... 4. 4. 4 4. \ 131

:
ﬂUEJ’JVIEW]‘iWEJ’lﬂ‘i
amaﬂﬂimumwmaa



Table

L1

2.1

2k

P

3.1

4.1

4.2

43

4.4

4.5

LIST OF TABLES

Page
Materials discarded into the municipal waste stream 1970-2000......... 2
Some known anaerobic cellulolytic bacteria .........................c........... 18

Validated genera of met

Characteristics of t

Six cocultu@ i0

bacteria an

Acid pro
selected

Remained celluléde i the fermentation of a-cellulose by
monoculture of‘the’ﬁndp};dtmﬁi bacteria C23 and C73,
eulture wil :-_::.:‘:.-_-.:"‘!-:f':!-::""rrit-?- x M38, M47, and M48,

Production of acetic acid in the 15-day fermentation of

¢ o LY
BT e A TRV G IR YT e
and by coculture of thermophilic cellulolytic bacteria and

4,;‘1 Wﬁﬁﬁmmﬂg‘ﬁanaﬂg by ........... 54

monoculture of thermophilic cellulolytic bacteria, by coculture of
thermophilic cellulolytic bacteria and thermophilic methanogen,
and by S mixed GG .. 0 ol i R st ssinn s 35



Table
4.7

4.8

4.9

4.10

4.11

LIST OF TABLES (CONT.)
Page
Degree of a-cellulose degradation and CH, production from
15-day fermentation by monoculture of thermophilic cellulolytic
bacteria, by coculture o ophilic cellulolytic bacteria and
thermophilic methan‘é 9 mixed culture ............................ 56

Remained CM the fe of paper waste by
1 op "hc cellulolytic bacteria C23 and C73,
obliiic e M38, M47, and M48,
hl.{l_ M an

o ‘ 57

on h‘lfth&' 30- d’@em tion of paper waste by
monoculture of-theﬁ‘lmp}}tﬁmlytlc bacteria, by coculture
of th‘?ra\ , ellulolytic bacteria and thérmophilic methanogen,

Degree f paper waste degradatlon and production from

vl ﬁmﬂﬁ:ﬁ’:ﬁ Ei’fim g

5. ﬂ ﬁyfﬁiﬁhﬁmﬁlﬁfmaﬁcﬂﬁ‘f azryj A tﬂl ................ 60

IVORHBRIIONS ...l v i B e R it crenns fossan s 70



Figure
2.1
23
23
24
4.1

4.2

43

4.4

4.5

4.6

4.7

4.8

4.9

LIST OF FIGURES
Page
BiOmEthauatioN OFoBIIBNe ... .. ... ..ot cnrsnen s 9
Effect of temperature on gas production .......................cccceovieiennnnn. 11
MO I DRI R i i e i e e s iaaes 12
Anaerobic chamber........... /. // .................................................... 17

Colonial characteristic, lytlc zone"ﬁd gram staining of thermophilic

cellulolytgha.c&ena stra1r1 C23 on cellulose agar, incubated 5 days at

55°C in 10%F1,# 5% C(S +85% N, atmosphere...............c............. 43
igh resoltiti qn ing electron micrograph of thermophilic

High resolution s&annmg el mlcrograph of thermophilic
cellulolytlc bactefia strair (,'73' (xDGOO) ..... o 4

ferme?if{étion by two selected strains of thér?nophilic cellulolytic
SR A e ST et U A SR 45
€03 productionin cellutose fermentatiom by two:selected strains of
thermophilic clell‘ulolytic T B S dsaet b PO SO 46
Colonial charagteristic and gram.staining,of. thermophilic
meffianogenic Bactetia M38'oh Baldh’s meditm ITagar-incubated

5 days at 55°C in 10% H, + 5% CO, + 85% N, atmosphere.............. 49
High resolution scanning electron micrograph of thermophilic
methanogenic bacteria strain M38 (x9000)..................cccccoeveeivenn. 49
Colonial characteristic and gram staining of thermophilic
methanogenic bacteria M47 on Balch’s medium II agar, incubated

5 days at 55°C in 10% H, + 5% CO, + 85% N, atmosphere ............. 50



Figure
4.10

4.11

4.12

5.1

F-3

F-4

F-6

XV
LIST OF FIGURES (CONT.)

Page
High resolution scanning electron micrograph of thermophilic
methanogenic bacteria strain M47 (x27000).............cccccoveevvvereennenn. 50
Colonial characteristic and gram staining of thermophilic
methanogenic bacteria M48 on Balch’s medium II agar, incubated
5 days at 55.Cin'10% H, + 5% CO; +85% N, atmosphere ............. 51
High resolution scanning:lectron micrograph of thermophilic
methanogenicbactena Stiain M48(x9000)...................ccoveeevveenenn 51
ProposeM{g{am presengng the biogas production from paper waste

L

by thermfgpﬂlhc oocmltures R R s 69
pH reducti ﬁh and rema:mecﬁpe‘ﬂulose in cellulose fermentation

bya cocﬁituie qf thetﬁmphﬁ}c cellulolytic bacteria C23 and
thermophilic methanggen M A 102
pH reduction and' remained ce_ﬂulrose in cellulose fermentation

by a coculture of tHermophilic beﬂulolytlc bacterla C23 and
thermqphﬂm_meihanogmMAl.m,mm ................................... 103
pH red/uetlon and remained cellulose in ceHulose fermentation

by a coculture of thermophilic cellulolytic bacteria C23 and
thermophilicmethanogenM48 ol 4.1 &8 B oo 104
pH reduction and remained cellulose in cellulose fermentation

by a.coculture of thermophilic, cellulolytic bacteria €73, and
thefhopHilic méthRrdpémviBss .. 1. Q. K 1 &4 100 &4 . 105
pH reduction and remained cellulose in cellulose fermentation

by a coculture of thermophilic cellulolytic bacteria C73 and
thermophilic methanogen M47.....................ccoccoooiioiiieiieeee 106
pH reduction and remained cellulose in cellulose fermentation

by a coculture of thermophilic cellulolytic bacteria C73 and
thermophilic methanogen M48........................cccoooiiiviieeen, 107



Figure
F-7

F-8

F-9

F-11

F-12

F-13

F-14

LIST OF FIGURES (CONT.)

pH reduction and remained cellulose in cellulose fermentation

by a thermophilic mixed culture ................ccocoveeveieiviiciiere e
Gas production in cellulose fermentation by a coculture of
thermophilic cellulolytic bact@r‘ia-'C23 and thermophilic
methanogen M38............... .7 B s+ i sann ot eanmpmestansn et s
Gas production.in Cellulcl-;e fermentation by a coculture of

thermopl%ﬂt,;}dlololytw l?ctena €23 and thermophilic

methanoQ NIF IR = R N R ... ..o,
Gas prod 1qn m cellulose fermentatlon by a coculture of
thermophlhc cellqulytlc ba,gtena C23 and thermophilic
methanogen M4;8 ....... T i: I M. e i
Gas produétlo_;l in qgl_lulose ‘fg}rm‘entatlon by a coculture of
thermophilic f:ellﬁlolytic bactéfl’i’t% and thermophilic
methanogen MEETE AT
Gas prg,ducﬂﬂnm_cs:lh.llas:_fctmemanon_bg a coculture of
thermophlhc cellulolytic bacteria C73 and tliermophlhc
mSEOIREIRT = o S
Gas production in-cellulose fermentation-by.a coeulture of
thermophilic cellulolytic bacteria C73-and thermophilic
methanogen M48 .o . B s
Gas’productioniin‘cellulose fermentation by.a therthophilic
T TR e e PRI ol TR
pH reduction and remained cellulose in paper waste

fermentation by a coculture of thermophilic cellulolytic

bacteria C23 and thermophilic methanogen M38............................
pH reduction and remained cellulose in paper waste

fermentation by a coculture of thermophilic cellulolytic

bacteria C23 and thermophilic methanogen M47............................

111

112



Figure
G-3

G-4

LIST OF FIGURES (CONT.)

xvii

Page

pH reduction and remained celllulose in paper waste

fermentation by a coculture of thermophilic cellulolytic

bacteria C23 and therm 1c methanogen I
pH reduction and« in paper waste

fermentatlon.Meulture hilic cellulolytic
bacteria C7§ ad the

cellulose‘hhp@er waste
of thermopmhc cellulolytic

pH reducti main . sa\m paper waste

fermentatio gqqaituri?tge ophilic cellulolytic

pH reductlo and}g!hamed@se in paper waste

fermentatlon byﬂi%n@mod culture_ .................................

2per 7 a coculture of
thermopiuhc cellulolytlc be and-thermophilic
methan RIERIE ... i oy vsivinssvstainnosneinnss J ....................................

@ﬂﬁﬂﬂ i h (AT e

met

ANIATE A S naaE.

G-11

thermophilic cellulolytic bacteria C23 and thermophilic
s T W ARt R P R e R
Gas production in paper waste fermentation by a coculture of

thermophilic cellulolytic bacteria C73 and thermophilic

s T TR I O U8 e L S |

125



LIST OF FIGURES (CONT.)

Figure Page
G-12 Gas production in paper waste fermentation by a coculture of

thermophilic cellulolytic bacteria C73 and thermophilic

G-13

G-14

AULINENTNYINS
AMIAIATUUMINYAE



ABBREVIATION
s © = Degree Celcius
ug = Microgram
pl = Microliter
pmol = Micromole

16s rRNA - ’ ,} een Svedberg Units Ribosomal RNA
BMA S éMedmm IT Agar

1um 11 Broth

Silag
ﬂuaqw8%§w81n5
awammmﬂmﬂmaa

mmol = Millimole



mol = Mole

N2 = Nitrogen

NaOH = Sodium Hydroxide
0, = Oxygen

RNA = Ribonucleic Acid
Temp = , , Temperature
tRNA |

\%

: ‘ \“m—': - ~
\ o
‘ ’

T

: ‘j: = : ,E |
Tl - ]

ﬂ‘lJEl’WlEWl‘ﬁWEl’]ﬂ’a’
ammnmummmaa



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Abbreviations

