CHAPTER 4

RESULTS
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Morphological chacteristics -- rod-shape, gram-negative

bacilli, 0.4 by 6-8 p (See Figure 4.4)

The two thermophilic cellulolytic bacteria were pre-tested for their
cellulolytic activities by cultivating in the media which contained 0.1% o-cellulose
fibre. Figure 4.5 showed the rates of cellulose utilization whereas C23 is better than

C73. The thermophilic cellulolytic bacteria strain C23 and C73 were able to utilize 10
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mg cellulose within 12 days and 15 days, respectively. The pH reduction in each
monoculture was gradually decreased and there was similar in the rate of both
cellulolytic strains. The CO, production rates were shown in Figure 4.6 in which the
rates were constant for about 7 and 6 days in C23 and C73, respectively. The results of
their acid formation were shown in Table 4.1. Acetic acid was the only acid product.
However, the amount of acetic acid preduced by strain C23 was lower than that of
strain C73. In Table 4.2, the production 6£.CO, after cellulose fermentation was
presented. The CO, production by strain C23 was higher than that of strain C73. In an
agreement with a larger lytid zone obser;:ed, the eellulolytic activity of C23 was greater
than C73. ’

\

:

412 Thermogbﬂi(; NLethaﬁogeiEﬁ
Three iSolates from 147 f)ﬁgel__cultures of thermophilic methanogens,

namely M38, M47, and M48 were selected. J'Ll_ley were characterized as :
¥ i #2204
M38:  Colonial-tharacteristics grown on Balch’s medium II agar --
<o 1 mm in diameter smooth: “/round, convex, shining,

translucent, yellow-brown (See Figure 4.7).

Morphologicaly characteristics =< .rod-shape, filamentous,

gram-negative bacilli, 0.4 by 1.2-1.5 1 (See Figure 4.8)

Methanogenic activity --'21.35 ‘umol of CHz were produced
within 5 days of incubation at 55°C.

M47: Colonial characteristics grown on Balch’s medium II agar --
smaller than 1 mm in diameter, smooth, round, convex,

opaque, grey-white.(See Figure 4.9).
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Morphological characteristics -- rod-shape, filamentous,
gram-negative bacilli, smaller than 0.1 by 1 p (See Figure
4.10)

Methanogenic activity -- 19.25 umol of CH4 were produced
within 5 d Wcubatlon at 55°C.

@wn on Balch’s medium II agar --

TT————

M48:

), round, convex, translucent,

-- oval rod-shape, gram-

2 p (See Figure 4.12)

Under the ight, alf rains of s .'hermophilic methanogens

were autofluorescent ix}jici‘ ng tt

o1 AL:

the capacity o ation by the three selected thermophilic methanogens were

;‘;:jtgmawﬂm mﬁm TG e

aracter. In Table 4.3
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4.2 Fermentation of Cellulose by Thermophilic Coculture

Among six coculture sets, the amounts of remained cellulose were shown in
Table 4.4 and the detailed results of remained cellulose contents and the pH reduction
of each set are presented in Figure F-1 to F-7 in Appendix F. The coculture sets of
strain C23 were able to utilize all cellulose. in day 12, and those of strain C73 required
15 days to degrade cellulose. On contrary, tﬂy/rmxed culture were not able to utilize
cellulose within 15 day-fermentation. The pH of’ﬂremedlum gradually decreased from
7.2, at the beginning of fegnentatlon per}od t0 6.7-6. 8 on the last day.

presented in Table 4.5 S SfOf coculture were able to utilize acetate as their

During the fe%ﬂ perou} the amounts of acetic acid produced were

substrate. The percentages offacid loss wﬁ&fré-ranged from 20.7-30.6%. The coculture
set of C73 and M48 utilized acetates }iighe;‘ghap others.

The gas production in UiE cocultures” thermophilic cellulolytic bacteria and

thermophilic methanogen were summanzedwmi‘ilhble 4.6 and their detailed results were

shown in Figure F-8 = , o ﬁide content was decreased
in all sets. After 10- day fermentation, the CH,4 producﬁon of cocultures were widely

ranged from approx1m5fe1y 4.5-6.4 mmol per gram of cellulose.

The comparison of cellulose degradation and CH,4 production of all sets were
in Table 4.7. It.was shown that the coculture-set-0f.thermophilic. Cellulolytic bacteria
C23 and thermophilic “methanogen’ M48' showed the ‘highest” degree in cellulose

fermentation and biogas production.
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4.3 Fermentation of Paper Waste by Thermophilic Coculture

The amounts of remained cellulose were summarized in Table 4.8. and the
detailed results of remained cellulose contents and the pH reduction of each set could
be found in Figure G-1 to G-7 in Appendix G. Depended on the paper waste
digestion capacity of selected thermophiles C23 and C73, paper waste was not
detectable on day 26 and day 30, respectxvel{,#s‘;mllar to the experiment in 4.2, the pH
of the medium decreased from 1.2, at t}}? begmnmg of fermentation period, to 6.7-6.8,

on the last day. On contraiy; the pH of a mixed culture differed from those coculture

sets. Its pH on the last dy”ﬂbout 6. ﬁj lower than others.

In Table 4.9, 9/p d;(ction _of;;p'étic acid during the 30-day fermentation of
paper waste was present

28.7%, where the set of C

qlperoenta&es of acetate loss were ranging from 20.2-
f/ M4&showe§i the highest acetate utilization compared

W

' ¥ P
to other sets. /;? o . jji |
, !

The gas productlon in-the 30- (fay"iérmenta}mn of paper waste were
ted in Figure G-8 to G-14
in Appendix G. On day 26, the CH4 formation of therm“dphlllc cocultures was around

summarized in Tablt

4.9-6.7 mmol per gram 1 of paper waste. The degree of paper waste degradation and the
CH, productiofi, wefe” shown in (Table 4,11/, Thé “cocultate set of thermophilic
cellulolytic bacteria C23 and thermophilic methanogen M48 showed the highest degree

in paper-waste fermentation and biegas:production:
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(a) ®) ©

Figure 4.1 Colonial chafacieristic'(a), lytic zone (b), and gram staining (c) of
thermophilic/Cellulolytic baéiegia strain C23 on cellulose agar, incubated

5 days at85 @ inf10%-H, +.,5.% CO;, + 85% N, atmosphere.

» Al o —

20KY K39008

Figure 4.2 High resolution scanning electron micrograph of thermophilic cellulolytic
bacteria strain C23 (x 9000).



(2) (b) (©)

Figure 4.3 Colonial characieristic:(a), Iyfic zone (b), and gram staining (c) of
thermophilic.Cellulolytic bacteria strain C73 on cellulose agar, incubated

5 days at 85 Q'infl1 0%, +f'l‘5_% CO, + 85% N, atmosphere

-~

20K

Figure 4.4 High resolution scanning electron micrograph of thermophilic cellulolytic

bacteria strain C73 (x 9000).
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Figure 4.5 pH reduction (a) and remained cellulose contents (b) in cellulose
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fermentation by two selected strains of thermophilic cellulolytic bacteria :

C23 (O) and C73 (O).
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Figure 4.6 CO, production in cellulose fermentation by two selected strains of
thermophilic cellulolytic bacteria : C23 (O) and C73 (OJ).
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Table 4.1 Acid production after 15-day fermentation of a-cellulose by two selected

thermophilic cellulolytic bacteria

23 5230 ND ND
C23 _ AR
B , m"“‘s,
C73 2, ) " | 605047 ND ND
. ;'TJ ) .“;,
Mixed Culture® 38 ﬁif[:; ‘ﬁz £\ 3.27+0.20 6.25+0.36
¥y T L "
S

Alls were cultivated in 10
incubated at 55°C.

AUEINENINYINT
AMIANIUNNIINYAY

@2 + 85% N, atmosphere

* A mixed culture of all thermophilic bacteria from 50 sources



Table 4.2 CO, production after 15-day fermentation of a-cellulose by two selected

thermophilic cellulolytic bacteria

48

€73

Mixed Culture® 43.2+4.01
Inoculum size = 2.1-3.8 x
ND = not detectable
Alls were cultivated in 10 ol 85% N, atmosphere

incubated at 55°C. — \ ,

0

y
AULINENINYINS
AN TN INGAY

* A mixed culture of all thermophilic bacteria from 50 sources
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(2 2 (b)

Figure 4.7 Colonial Chagacteristic (a) a.r{d_jggam staining (b) of thermophilic
methanogenic bacteria strain M38 on Balch’s medium II agar, incubated

5 days at 55 C ind0% H, + 5%602 +85% N, atmosphere.

o

Figure 4.8 High resolution scanning electron micrograph of thermophilic

methanogenic bacteria strain M38 (x 9000).
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Figure 4.9 Colonial chagacteristic () axid_zgram staining (b) of thermophilic
methanogernic bacteria strain Mi47 on Balch’s medium IT agar, incubated

5 days at 55°C in 10% 11, + 5%_(3@2 +85% N, atmosphere
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Figure 4.10 High resolution scanning electron micrograph of thermophilic

methanogenic bacteria strain M47 (x 27000).
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(@) vy (b)

Figure 4.11 Colonial ghardctéristic (a).’:'ana' gram staining (b) of thermophilic
methanogenic Pacteria strzii}x_‘__MAS on Balch’s medium I agar, incubated

5 days at'55 € in 10% H, +8% CO5+ 85% N, atmosphere

Figure 4.12 High resolution scanning electron micrograph of thermophilic

methanogenic bacteria strain M48 (x 9000).
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Table 4.3 CO, utilizing capacity of the three selected thermophilic methanogen after

5-day incubation.

3 R
f2 4B

N

. ( 3 \\
NS PN\
: - ..‘ 1

Alls were cultivated in 10 ml Balch broth tnder 10% H, + 5% CO, + 85% N,

atmosphere at 55°C. P
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Table 4.4 Remained cellulose in the fermentation of a-cellulose by monoculture of

thermophilic cellulolytic bacteria C23 and C73, by coculture with

thermophilic methanogen M38, M47, and M48, and by a mixed culture.

C23 system “— 2 ——.12 0
C23 +M38 - | 1.740.09 0

+M47 Z) || 20007 0

+ M43 LA B 15000 0

- fz' gt ==r
" 4 y v
C73 system / . 3;'. 7.1 0151 0.8 +0.02
C73 +M38 10 } ¥ 704043 0.7+0.03
o & =i 3 J'.l
+M47 Fw | mrokoq 0.75 +0.03
+M48 107 | 96.6+038 0.6 +0.02
3 :i, i <

Mixed culture® £ 10 L 0,3‘4JI 1.1+£0.08

Alls were cultivated.in 10 ml ceflulose broth under 10% H, + 5%.C0,.+ 85% N, atmosphere

incubated at 55°C. |

* A mixed culture of all thermophilic bacteria from 50 sources
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Table 4.5 Production of acetic acid in the 15-day fermentation of a-cellulose by
monoculture of thermophilic cellulolytic bacteria, and by coculture of

thermophilic cellulolytic bacteria and thermophilic methanogen

C23 system

C23 + M38 243
+ M47 20.7
+ M48 28.4

C73 system 0.00

C73 + M38 23.1
+ M47 k3
+ M48 30.6

Alls were cultivated in 10 D cellulose broth under 10% H, + 5% &2 + 85% N, atmosphere
incubated at 55°C. ]

AUEINENINEINT
AMIANTUNNIINYIAY
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Table 4.6 Gas production in the 15-day fermentation of a-cellulose by monoculture
of thermophilic cellulolytic bacteria, by coculture of thermophilic

cellulolytic bacteria and thermophilic methanogen, and by a mixed culture

C23 system ND
C23 + M38 4151 +3.64 1753.02 +4.92 1.16 1.04
+ M47 3852 £3.34 |149.68 £4.36 1.06 0.98
+ M48 146874398 | 64.78 +527 1.24 1.33
C73 system 24s 4ND ND - g
i "
C73 + M38 13.20 £ 1.12 ﬂ-‘f 6:80 + 153 | 49.87+4.38 1.27 1.10
ette st fa
+ M47 1500+ 1.04 | 4760+£4.03 | 1420+ 1.17 | 4532+3.96 | 0.95 0.95
- -' ¥ ‘;‘ -'f_ 8 =
+ M48 13.10+ 1.20°) 4310389 | 1732 + 113 5}).23 +4.59 1.32 1.17
x.fil —— i o
Y )
Mixed cutture® | 178 :—1;.37 5312+492 | 789+064 | 3521+257 | 0.44 0.66
Control NR ND b ND - -

ND = n6t detectable

Alls were cultivated in 10 ml cellulose broth under 10% H, + 5% CO, + 85% N, atmosphere
incubated at 55°C.

* A mixed culture of all thermophilic bacteria from 50 sources.
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Table 4.7 Degree of a-cellulose degradation and CH,4 production from 15-day
fermentation by monoculture of thermophilic cellulolytic bacteria, by

coculture of thermophilic cellulolytic bacteria and thermophilic

methanogen, and by a mixed culture

C23

C23 + M38 1.06 5.41
C23 +M47 0.98 5.11
C23 + M48 1.30 6.54
C73 - -
C73 + M38 \ L2 5.15
C73 + M47 092 473
C73 + M48 ?j ) ] 123 555
Mixed culture® € o)

ngIrEnENENT | ¢

Control_

q
ND = not detectable

Alls were cultivated in 10 ml cellulose broth under 10% H, + 5% CO, + 85% N, atmosphere
incubated at 55°C.

* A mixed culture of all thermophilic bacteria from 50 sources



Table 4.8 Remained cellulose in the fermentation of paper waste by monoculture of

thermophilic cellulolytic bacteria C23 and C73, by coculture with

thermophilic methanogen M38, M47, and M48, and by a mixed culture.

C23 system 824034 2057+ 0.25 0

C23 + M38 25034 | 273240.17 0
+M47 L 034 \ 2451021 0
+M48 034 | 232£003 0

—

C73 system 034 ?‘;‘,', " 567 4033 0.200.07

C73 + M38 034 * ¥ 3544028 0.25 +0.09
+M47 + 034 fi;;g?j:-fg.sz +0.24 0.19+0.09
+ M48 8.2 { 034 ?3_42 +0.21 0.15+0.08

] vs
Mixed culture’ {4 824034 4204032 0.92 £0.02

Alls were cultivated in 10 ml cellulose broth (paper waste was in place of a.-cellulose)
under 10% H; + 5% CO; +/85% N, atmosphere incubated at 55°C.

* A mixed culture of all thermophilic bacteria from 50 sources
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Table 4.9 Production of acetic acid in the 30-day fermentation of paper waste by
monoculture of thermophilic cellulolytic bacteria, and by coculture of

thermophilic cellulolytic bacteria and thermophilic methanogen

C23 system

C23 + M38 232
+M47 216
N
+ M43 | 273
C73 system 0.22 0
C73 +M38 F2E 879+0.11 24.5
-+ M47 1 i3 29+0.24 202
+M48 Y : BT

v/
Alls were cultivated in 10 D cellulose ;o (h (paper waste was in pﬂe of a-cellulose)
under 10% H; + 5% CO, + 85%N, atmosphere incubated at 55°C.

AUINENINGINS
AMIAINTAUUMIINGIAY



Table 4.10 Gas production in the 30-day fermentation of paper waste by

monoculture of thermophilic cellulolytic bacteria, by coculture of

59

thermophilic cellulolytic bacteria and thermophilic methanogen, and by a

mixed culture

C23 system
C23 + M38
+M47
+ M43

C73 system
C73 + M38
+ M47
+ M48

Mixed culture®

Control

51.36 £4.26

29.80 +2.16
35. 74 12 98

29. X‘W

I
51.36 £46.7

&l

107.6_1:9 89

5208—-#436 £

55.‘97 Et 477

63.25 £ 4.96

ND

4562:t382

ijog 46211394
5 04+4995h 50.97 +4,38

27.64 +£1.94

ND

.53.65 +4.86
51,98 +4.33

67.04 £5.67

ND

52.98 +4.86

f25:t43l

2 "'55}98 +4.78

]
4

1.98 £3.25

1.00
0.96
527

1.75
1.57
1.61

0.54

0.98
0.91

1.26

0.98
0.88
1.16

0.66

ND = not:detectable

Alls were cultivated in 10 ml cellulose broth (paper waste was in place of a-cellulose)
under 10% H; + 5% CO, + 85% N, atmosphere incubated at 55°C.

* A mixed culture of all thermophilic bacteria from 50 sources
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Table 4.11 Degree of paper waste degradation and CH, production from 30-day
fermentation by monoculture of thermophilic cellulolytic bacteria, by

coculture of thermophilic cellulolytic bacteria and thermophilic

methanogen, and by a mixed culture

C23
C23 +M38 0 s 1.02 5.63
C23 + M47 0 0.9 5.16
C23 + M48 0 1.26 6.73
* '.v-w . J.
AL 2
CT3 o M 5554 ] :
C73 + M38 , 52365421 | 105 5.49
C73 + M47 b | ‘ 0388 4.97
C73 + M48 4856 +4.12 | 57. 5.79
[
4.24

Mixed culture® '1 P| 83";‘
| 148"
Contrm ﬁoé ﬂ

q
ND = not detectable

Alls were cultivated in 10 ml cellulose broth (paper waste was in place of a-cellulose)
under 10% H, + 5% CO, + 85% N, atmosphere incubated at 55°C.

* A mixed culture of all thermophilic bacteria from 50 sources



CHAPTER 5
DISCUSSION AND CONCLUSION

In the study of biogas productlon fp&m /Jellulose and paper waste at 55°C, the

two important groups of anaerebic bacteria Iﬁvolved were thermophilic cellulolytic
7

bacteria and thermophilic_methanogens. By wusiag a coculture technique at high

temperature, this thesis ?&Vénstratei and originated in Thailand.

Two strains of))l/ '

characterized, and chose as the tested fprgamsms They both were gram-negative,

\ﬁc ‘célltilaiytic bacteria, C23 and C73, were isolated,

small rod-shaped, and 0.4-0.5 ;( 4-8 ol sng,jThese two cellulolytic thermophiles were

able to utilize cellulose and p;aper Maste a8 Ihelr substrates. Based on the size of lytic

- ;.—_‘,
- il gt

zone, the cellulolytic act1v1ty of! straln CIE 'hjgher than that of strain C73. Their

—_—

major fermentation products - incladed CO{ ‘and “acetic acid. Acetate was the only

volatile fatty acid fou .

tjon micrographs and a key
for the determination of. generic position of organisms (Buchanan and Gibbons, 1974)

showed that they both tight resemble any of bacteroid or clostridium groups.

The difference between bacteroid and clostridium groups is that the clostridia
are sporeforming rods, To create, a starvation. condition. for "the two selected
thermophilic cellulolytic'bacteria may ¢ause the spore formation.“In the present study,
it might be possible that the nutrients in the both culture media, CA and CB, were
adequate, so the bacteria did not form spores. If, however, these two bacteria are not
bacteroid nor clostridium, they may be new species. For further determination, further

investigations are recommended.

When isolating the thermophilic cellulolytic bacteria, the clear zones were

observed within 3-5 days, then developed areas of incomplete clearing. One reason
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was due to the nature of agar-based media that usually lose gel strength and often
exhibit syneresis, with the presence of significant amounts of surface water escaping
from the gel (Lin and Casida, 1984). Another reason proposed was that the bacteria
migrated through the medium and were found in a thin layer at the junction between
digested and undigested cellulose. Also, it was possible that an extracellular cellulase
was less formed as Johnson ef al. (1982) indicated that most anaerobic cellulolytic
rods, such as Bacteroides succinogenes, Clo;lrizadmm thermocellum, and Acetivibrio
cellulolyticus, had so far failed to sho““/) extracéﬂiﬁar cellulolytic activities on derived
or native forms of cellulose, theugh grew more rapidly, comparable to that from fungi,

like Trichoderma sp. \

1

Without ethanoLﬂeLermlmtlon m the present study, acetate became the main
liquid product of the cellurf;selE fqrmentatnob Jones (1989) indicated that the moderate
thermophiles (at 50-55 C) were alk ethanqlogemc with either a mixed acid (formic,
lactic, and/or acetic) or an ac¢togenic fermcﬂta"uon pattern. This study might follow an
acetogenic fermentation patierf;i' ra futug;_y(fork ethanol determination would be
recommended. ; o -

b -

e ol

- '

J
o

The presen-t."lﬂstudy indicated that sites, where organic wastes decay, are
suitable thermophilic “Cellulolytic bacterial source because cellulose is a major
component of -the; wastes,~Upon ;emplacement,) the «nitial .breakdown of refuse is
aerobic but oxygen is soon depleted and the envifonment becomes anaerobic. High
temperature (higher, than.50.C) -have, been, recotded. within, the anaerobic regions
(Archer and Peck, '1989). Fermentatiof of the cellulose yields a range of volatile fatty
acids, which have been shown to make up a major part of the leachate organic carbon,
and will, when present, cause acidic condition. That is to say there is a possibility to
further this present study forward the thermoacidophiles, one of the archaebacterial

mricroorganisms, besides thermophilic methanogens.

In the isolation of methanogens, three strains of thermophilic methanogenic

bacteria, M38, M47, and M48, were selected, characterized, and chosen as the test
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organisms, based on the H,-CO, utilization which is a common character of
methanogens. They were gram-negative, very slim rod-shaped, and filamentous. Their
sizes were widely ranged from smaller than 0.1 by 1 p to 0.3-0.4 by 1.1-1.5 p Strain
M47 was very small in size compared to the other two. They all utilized CO, and
acetate as substrates for CHy production. The methanogenic activity of M38 were
higher than that of M47. Strain 48 showgd the highest methanogenic activity among
the three selected strains. All three resq!ﬁ,bf /d any of methanobacterium group
(methane-producing rods)..The high rssolutlon “clectron micrographs revealed that
these thermophilic metharmgens existed in clumps.or filaments. It could be seen that
there were fibrillae, hk:,:?/ﬂdhere mhe cells. Among three selected thermophilic

methanogens, the fibro f strain M47 was higher than others, followed by those
of M38 and M48, resp%{ , 2%

By comparing th cdomal 51ze ,mo;phologlcal size, CH4 production, and
fibrillae formation among thqfthrqe meméphxhc methanogens, it might be a relation

among these aspects. It was sﬂbwn that str"" ‘M47 possessed the smallest size and
lowest methanogenic act1v1ty -On contrary, stirain-M47 had more fibrillae than strains

M38 and M48. Therc ] $ fibrillae formation among

the methanogens, wﬁiéjh can be proposed in this thesis asﬁilows:

1) D'u"'é to the very small sizes of thermophilic methanogens
compared:to, normalfloray it might,be-a necessity for the bacteria
to form'a net where they could link or gather in a clumped form.

2).A methanogen with a_lower methanogenic- activity, like strain
M47; would-have more fibrillae because most of-its energy were
required to form fibrillae and there were lower energy available to
form methane.

3) The bacterial fibrillae might be a means of adherence, including (i)
self-adherence to protect the cells and to self-secure, (ii) substrate
adherence when there were substrates available, and (iii)

substratum adherence, and;
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4) The fibrillae could be a communication network of methanogenic

thermophiles.

Similarly, the bacterial fibrillae formation is also found among microaerophilic
bacteria, like lactobécilli, to adhere to the intestinal mucosa (Tannock, 1995), though
the mechanism has not yet been determined.

The isolation of both anaerobi\c.:j cellﬁigrfffo and rhethanogenic bacteria under
thermophilic anaerobic conditions encountered problems with the dehydration of
selective media. In this.stiidy when 1s§)latmg the bacteria 4% agar was added to
%As’and BMA
'kusly, ‘the 2% agar in the media was used during the
lapé ;*WEre deyyd‘rated within 2 weeks due to the high
temperature. Despite reqyﬁng‘ to rcactlvate it many times during the work, silica gel

solidify the culture medi to help preserve moisture, although all plates

were kept in plastic ba,

preliminary test, but 'all

was preferably used to help absorb, the molbjn'n;e content in an anaerobic chamber.
» P Ty
W e ik

Besides the dehydratidn problem éﬁ'tﬁig'the work agar became cloudy when
incubated at temperawmgheuhm_iacrﬂn&bmugbt: a,bout difficulty in isolating
cellulolytic bacteria beeause the clear zones were hardiy observed Chi and Casida
(1984) recommended that gelrite might be an agar substitute for the cultivation of
thermophilic bacteria. dt; is composed fof=glugose, | glucoronic acid, and rhamnose
moieties. Its outstanding features are as follows : (i) consistent batch-to-batch quality
due to a stringent control.of the fermentation-process; (ii). econoric use: as little as
one half treatment of'agar'is required for'the same purpose;-(iii) fast hydration and easy
control of gel setting in which gel strength is determined by choice and concentration
of divalent cations (Mg”’, Ca®); and (iv) the resulting gels are stable even at high
temperature resisting a normal autoclaving cycle without significant loss of gel

strength, and with its uniform clarity facilitating excellent visual screening of test plate.
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Besides gelrite, Hermann, Noil, and Wolfe (1986) recommended an improved
agar bottle plate for isolation of methanogens or other anaerobes in a defined gas

atmosphere. The bottle plate effectively prevented moisture leakage.

Thus, gelrite and bottle plates could be used in the future work due to their

efficiency, even if the costs were fairly high.
'y

In cellulose fermentation by six theri;iéglﬁlic coculture sets, cellulose was
utilized by thermophilic cellulolytic baf:teria and. the digestion products, CO, and
acetate, were then consumed »y thermophilic methanogens to produce methane. In the
monocultures, it suggg;\(fhyat the thermophilic cellulolytic bacteria with higher
cellulolytic activity, like ‘aia"‘Cﬂ}f 6r6da‘cgd higher CO, yield but the lower amounts
of acetic acid were formed. Tﬁe pobulture&et of thermophilic cellulolytic bacteria C23
and thermophilic methanog fl sﬁ'am M48 shqud the highest biogas production. In this

coculture, CO, and acet apld (,ac;tates) ﬁvere utilized the hlghest This could be

methanogens utilized them to- termlnal product-’g-CH4 and CO,. The accumulation of
acid and CO, may cr_*f‘atc_extneme_enmmnmcnts_m_mﬂi;;ljs vials where it might be
formed and led to inﬁiﬁi&ion of other biological conversioi";g (Koster and Cramer, 1987,
Wilkie and Smith, 1989). Thus, cellulose digestion and cellulase production were not
inhibited while-methanogenesis rcontinued-Whenfurther-applied to a thermophilic
digester, the agetic"acid concentration should be controlled, otherwise the gas

production would decrease (Zinder, Anguish, and ‘Cardwell, 1984).

In the study, the difference of pH reduction in all coculture sets was not a
major interest. On contrary, if applied the coculture technique to a large thermophilic
digestor, the difference of pH reduction would bring about the study of costs and
benefits due to the addition of bases to neutralize the system. When the system is more

acidic, the more bases are surely needed.
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When subjected to the paper waste fermentation by thermophilic cocultures,
paper waste was degraded and consumed as a substrate for biogas production. During
the first week, the CH4 production were very slow. Thereafter, the gaseous products
dramatically increased whereas the paper waste decreased. Paper waste contained
some of lignified plant tissues which were partly recalcitrant to anaerobic digestion.
Op den Camp ef al. (1988) pointed out that materials with lignin contents higher than
25 % were not degraded within 72 houré. Aépt}t;e and CO, contents decreased in all
six thermophilic cocultures. As in the celiilosé fermentation, the coculture set of
thermophilic cellulolytic bactesia strain 623 and thermophilic methanogen strain M48
produced the highest ametint.of ‘»tiaioga A proposed diagram presenting the biogas
production from paper )vétgfby thermophilic cocultures was depicted and shown in
Figure 5.1. In comparis to thef coculturé techmque thermophilic bacteria from all 50
bacterial sources were ad d ,t/o fel‘ment c&lltllose in the same vial. The mixed culture
set showed the lowest g,is productlon Thls could be explained that a mixed
thermophilic population,” as' in natural “f;m‘q‘ronments, acted antagonistically and
synergistically to the other; bx‘mgang abonﬁié@ accumulation of acids and gaseous
products which inhibited _the - ‘biogas pr&éﬁéﬁen Also in a mixed culture of
- fermentation, there: ceuld_be_sulfate_tedumng_hactzna_ gutcompetmg methanogenic
organisms for H, and -acetate (Sowers, Baron, and Ferry, 1984; Westermann and
Ahring, 1987). n -

Compared to the biogas production from cellulose, the CH, production in the
paper waste fermentation by coculture was. higher: It .could be due.to the favorable
nutrients from paper waste fot' both types of bacteria. From the present knowledge,
calcium is used as a binding agent in toilet paper and facial tissue and is required for
cell maintenance of both cellulolytic and methanogenic bacteria. In an agreement with
Grohmann and Himmel (1991) that calcium is important in cellulases where calcium
binds with an amino acid sequence, but it is unclear whether calcium ion is required for

stability or not.
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From the present study, it was demonstrated that paper waste was effectively
digested and converted to biogas within 30 days. Compared to the former
investigations, the amount of CH, production from paper waste fermentation was
presented in Table 5.1. The CH4 formation (as mol/mol hexose) from cellulose and
paper waste of a thermophilic coculture in this study was higher than those of many
researches done so far, but less than a triculture system. To enhance this present
thermophilic coculture, the effective thennbﬁb&li;, acetate-degrading bacteria, such as
Syntrophomonas sp. and. Desulfovibrio " sp., _and/or thermophilic aceticlastic
methanogens, such as Methamsarcina—;hermophila or Methanosarcina strain CHTI
55 (Lowe et al., 1993),.psﬁ‘<'§ﬂd"be isolated and added to the system to help utilize
acetate during the felpe/ ptlon In o%her words, a triculture or quadculture is
recommended. Thus, th H4 yxeld would Be higher. This could provide an attractive
means of paper waste redy:thﬁ with the récd\/ery of methane as an energy source. The
potential for converting cellu‘loﬁc wastes mto industrial substrates surely stimulated the

interest in thermophilic feﬂnentatlops T.T ¥/
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In addition to the -abeve menti;f;:r"eﬂ—'-*if coculture technique were still
preferable, finding 4hc_opnmum_ra.tms_of_theumphﬂgy cellulolytic bacteria and
thermophilic methanogen would help increase the blogas productlon because the acid
and methane productlo'n could be controlled properly. Hence, unfavorable conditions
in biogas production; such-as thigh,acid-contents. which is-toxic to all methanogens,

could be eliminated, effectively.

In conclusion, research onbacteria and thé enzymes they produce has made a
significant contribution to the understanding of the biological conversion of organic
matter, like cellulose and paper waste, to methane. This has been due in part to recent
scientific interest in the anaerobic thermophilic bacteria as biological material useful in
developing an understanding of basic life process. Thus, the isolation of selected new
thermophilic bacterial species could provide valuable material for future genetic and
other biological investigations at the molecular level, in addition to providing insights

into the microbial interactions occurring during anaerobic thermophilic digestion.
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In pursuit of unique thermophilic anaerobes provided by selection, this study
showed a variety of unknown bacteria. The isolates included bacteria which hydrolyze
cellulose and bacteria which produce methane under conditions of specific interest to
this experiment. A general conclusion which can be drawn from the coculture data
reported here is that methanogenesis from specific intermediates is enhanced by the

interactions of a multiplicity of substrate linked microbial species. Thus, the selected

to other thermophilic digesters,

effectively. :
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Figure 5.1 Proposed diagram presenting the biogas production from paper waste by

thermophilic cocultures
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Table 5.1 The amount of methane production compared to the former investigations
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(mol/mol butyrate)
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butyrate
cellulose

cellulose

Cellulolytic bactena CU1 + Methanogen Sc4

Sribenjalux and
Vejjanukroh, 1984
Ahring and

Westermann, 1987
Sribenjalux and
Vejjanukroh, 1984
Weimer and
Zeikus, 1977
Laube, 1981
Pavlostathis et al.,
1990

1.45
(mol/mol lactate)

2.08

2.33
(mol/mol butyrate)

W imrm‘uwnwm

9

vl 3 ' I’
% ceIIquIytxcus + Methanosarczﬁcé barkeri +

YENINLANT

thermoautotrophicum + TN

Yang and Tang,
1991
Laube, 1981

Ahring and
Westermann, 1987




	Chapter 4 Results
	4.1 Isolation and Selection of Pure Cultures
	4.2 Fermentation of Cellolose by Thermophilic Coculture
	4.3 Fermentation of Paper Waste by Themophilic Coculture


