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Fig. 4.1 Degradation of filter paper by the microbial community in the
batch cultured. (A) Uninoculated culture, (B) Inoculated culture. All
cultures were incubated at 70°C for 8 days.
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Fig. 4.2 Gas Chromatograph of methane standard gas (A) and
headspace gas of filter paper degrading mixed culture (B). Injection
volume of gas was 100 pl.
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Suspended cellulose in cultured medium (g/L)

Fig. 4.3 Filter paper degradation of mix cultures with different
temperatures. Cultures of mix thermophilic anaerobic were grown at
different temperatures. Cultivation was conducted in 100 ml of liquid
medium with 2 g/L of filter paper.
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Fig. 4.4 Growth of biomass measured as total protein concentration with
different temperatures. Cultures of mix thermophilic anaerobic were
grown at different temperatures. Cultivation was conducted in 100 ml of
liquid medium with 2 g/L of filter paper.
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Fig. 4.5 Methane production from bioconversion of filter paper by mix
thermophilic anaerobes under different temperatures. Cultivation was
conducted in 100 ml of liquid medium with 2 g/L of filter paper.
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—S— Maximum methane production rate
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Fig. 4.6 Specific growth rate (day™') and maximum methane production
rate (umole day™) from cellulose bioconversion by thermophilic
anaerobes at different temperatures. Cultivation was conducted in 100
ml of liquid medium with 2 g/L of filter paper.
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Fig. 4.7 Specific methane production rate (umole CH,4 day ' mg™' protein)
from cellulose bioconversion by thermophilic anaerobes at different
temperatures. Cultivation in 100 ml of liquid medium with 2 g/L of filter

paper.

70



8 & V%’ i (Acidophiles) V%’ s 12 (Alkalophiles)fig# 4= o ] &7

A\X

TP LRI CFRREFRY § U RASEH 7 R4 A FHE
S0 R 0 Bl M pH B 2 53 & AAcde pH
@ s pHOL 62-64-6.6~68-72~7778" jpiiif
ik R 5 2g/L RIFFHEEL L2 pHE -

E%4rFig 48 pH B2 668 6.8 2 %™ » &% 5%
FF H A fE R 0 BB pH EA B 5 6.0+0.01 £2 6.2+0.08 (Fig.
49) A R v pHERZF A HFL T » PRpgA R > 2 H
G RE f23% F 4o Table 4.1 #757 > B % . pH 6.6 &2 6.8 PF > 4 5|7
%% 0.48+0.00 £2 0.48+0.06 g L 'day™ o

U pH6.1~6.4 35 % 5 % 8 2 B » &% pH A W 5 4.5+0.01 »
4.7+0.13 £ 4.8+0.06 > % 77 pH (&% thrfe Bl 7 53 > ¥ R pH B4
FRAERS RS AR B RS R R A pHT7.T 2 7.8
BA2ZT o ¥ pHEA B 5 6.9+0.06 & 7.1+0.04 » pH {#iF 4 2

EEPF o RAERRE TR TP Ay e pH EREREE W

71



BREA R RS S o

v FA RV EREE E RS- R W ApH6.62 6.8
BAEPFFBRBE> LpH6OZ 68 A > § 53 39 FER -
Al 5 29.08+0.78 £2 27.20+1.28 mg/L (Fig. 4.10) » @ 32 % % pH
7277878 > 2 22 Fv FRARFM > &A% 5 2233+1.29
16.72+0.39 &2 17.67+0.12 mg/L -

Fob e mind RHA 0 2R 4 22 R EE R G Ap
A8 %t > 4o Fig. 4.11 #757 » 2 pH 6.6~ 6.8 87 72 12 % FF » § &
B4 2% 1198+61-1299+51 £ 1228+73 pmole & # > @ & pH 7.7
BTl AR, 4 A2 T4 A F 4w L 1040432 &7 1172465
pmole » B2 7 w24 X § § & pH6.1~6.4 33 % pF > & 5 5

707£11 ~ 879445 &2 973432 pmole °

72



—~—pH61 -—pH62 -+ pH64 —+ pH6.6
> pH68 —o—pH72 -+ pH77 -=pH7S

Suspended cellulose in cultured medium (g/L)

Days

Fig. 4.8 Filter paper degradation of mix culture with different pH's.
Cultures of mix thermophilic anaerobic were grown at different pH
values. Cultivation was conducted in 100 ml of liquid medium with 2 g/L
of filter paper.
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pH value
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Fig. 4.9 Changes of pH of cultural medium during bioconversion of
cellulose at different initial pH's. Cultivation was conducted in 100 ml of

liquid medium with 2 g/L of filter paper.
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Table 4.1 Filter paper degradation rate of mixed culture at different pH's.
The pH values shown in this table were initial pH value of medium before

cell inoculation.

Culture pH value

6.1 6.2 6.4 6.6 6.8 7.2 7.7 7.8
Filter paper
degradation rate  0.33+0.00  0.33+0.03  0.40+0.05 0.48+0.00 0.48+0.06 0.40+0.00 0.33+0.03  0.32+0.01

(gL' day™)
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Fig. 4.10 Total protein concentration produced by the mix culture grown
at different initial pH's. Cultivation was conducted in 100 ml of liquid
medium with 2 g/L of filter paper.
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Fig. 4.11 Methane production from filter paper bioconversion by the mix
culture grown at different initial pH's. Cultivation was conducted in 100
ml of liquid medium with 2 g/L of filter paper.
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—4— Specific growth rate

—O©— Maximum methane production rate
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Fig. 4.12 Specific growth rate (day ') and maximum methane production
rate (umole day ™) from cellulose bioconversion by thermophilic

anaerobes with different pH values. Cultivation was conducted in 100
ml of liquid medium with 2 g/L of filter paper.
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Fig. 4.13 Specific methane production rate (umole CH, day' mg™
protein) from cellulose bioconversion by thermophilic anaerobes with
different pH values. Cultivation in 100 ml of liquid medium with 2 g/L.
of filter paper.
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Fig. 4.14 Cellulose degradation of mix cultures with different
concentration of a-cellulose under anaerobic condition. Cultivation was
conducted in 100 ml of medium at 70°C with different concentrations of

a-cellulose.
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Fig. 4.15 Specific cellulose degradation rate (g L™ day™) with different

concentration of a-cellulose under anaerobic condition.
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Fig. 4.16 Biomass growth measured as total protein concentration of the
mix culture with different a-cellulose concentrations. Cultivation was
conducted in 100 ml of liquid medium at 70°C with different
concentrations of a-cellulose.
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Fig. 4.17 Methane production by the mixed culture with different
a-cellulose concentrations.
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Fig. 4.18 Maximum methane production rate (umole day™) from
cellulose bioconversion by the mixed culture at 70°C with different
a-cellulose concentrations.
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Fig. 4.20 Monod growth kinetics of the mix cultured with different
cellulose concentration. Cultivation was conducted in 100 ml of liquid
medium with different concentrations of a-cellulose.
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Fig. 4.21 Simulated specific growth rate of the mix cultured with
different cellulose concentration from Monod growth kinetics.
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Fig. 4.22 Cellulose degradation by the mix culture grown with different
concentrations of yeast extract. Cultivation was conducted in 100 ml of
liquid medium with 8 g/L a-cellulose at 70°C.
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Fig. 4.23 Protein concentration of mix culture with different
concentrations of yeast extract. Cultivation was conducted in 100 ml of
liquid medium with 8 g/L a-cellulose 70°C.
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Fig. 4.24 Methane production from bioconversion of cellulose by mix

thermophilic anaerobes. Cultivation was conducted in 100 ml of liquid

medium with 8 g/L a-cellulose.
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Fig. 4.25 Specific growth rate (day ') and methane production rate
(umole day™) from cellulose bioconversion with different concentrations
of yeast extract. Cultivation was conducted in 100 ml of liquid medium
with 8 g/L a-cellulose.
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Fig. 4.26 Specific methane production rate (umole CH, day”' mg™'
protein) from cellulose bioconversion with different concentrations of
yeast extract. Cultivation in 100 ml of liquid medium with 8 g/L
a-cellulose.
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Fig. 4.27 Cellulose degradation of mix cultures with different
concentrations of peptone. Cultivation was conducted in 100 ml of liquid
medium with 8 g/L a-cellulose.
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Fig. 4.28 Protein concentration of mix culture with different

concentrations of peptone. Cultivation was conducted in 100 ml of liquid

medium with 8 g/L a-cellulose.
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Fig. 4.29 Methane production from bioconversion of cellulose with
different concentrations of peptone. Cultivation was conducted in 100 ml
of liquid medium with 8 g/L a-cellulose.
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—O— Maximum methane production rate

Specific growth rate (day'l)
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Fig. 4.30 Specific growth rate (day ') and maximum methane production
rate (umole day ™) from cellulose bioconversion by thermophilic
anaerobes growth with different concentrations of peptone. Cultivation
was conducted in 100 ml of liquid medium with 8 g/L a-cellulose at
70°C.
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Fig. 4.31 Specific methane production rate (umole CH, day' mg™
protein) from cellulose bioconversion by thermophilic anaerobes growth
with different concentrations of peptone.
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(a) Uninoculated culture  (b) Inoculated culture

a -Cellulose

Filter paper

Office paper

Card board

News paper

Rice straw

Fig. 4.32 Photopictures of biodegradation of cellulose from different
sources by the mixed culture. Cultivation was conducted in 100 ml of
liquid medium with 0.8 g of different source of cellulose at 70°C. (a)
Un-inoculated culture as blank ; (b) Inoculated cultures for 14 days.
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Fig. 4.33 Cellulose concentration in cultural medium during
biodegradation of cellulose from different sources under anaerobic
condition by the mixed culture at 70°C . Cultivation of mix thermophilic
anaerobic were grown in 100 ml of liquid medium with 8 g/L of different
cellulose sources.
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Fig. 4.34 Change of pH in medium during biodegradation of cellulose
from different sources by the mixed culture at 70°C . Cultivation of mix
thermophilic anaerobic were grown in 100 ml of liquid medium with 8

g/L of different cellulose sources.
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Fig. 4.35 Protein concentration of mix cultures under anaerobic
condition. Cultivation was conducted in 100 ml of liquid medium with 8
g/L of different source.
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Fig. 4.36 Methane production from cellulose bioconversion with
different sources by mixed culture. Cultivation was conducted in 100 ml
of liquid medium with 8 g/L of cellulose from different sources.
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Fig. 4.37 Specific growth rate (day ") and maximum methane production
rate (umole day™) from cellulose bioconversion with different sources by
the thermophilic anaerobes. Cultivation was conducted in 100 ml of
liquid medium with 8 g/L of cellulose from different sources.
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Fig. 4.38 Specific methane production rate (umole CH, day' mg™'
protein) from cellulose bioconversion with different sources by
thermophilic anaerobes. Cultivation was conducted in 100 ml of liquid
medium with 8 g/L of cellulose from different sources.
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Fig. 4.39 Cellulose degradation of mix cultures grown at different
concentrations of NaHCO;. Cultivation was conducted in 100 ml of
liquid medium with 8 g/L a-cellulose.
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Fig. 4.40 Change of pH value in cultural medium during cellulose
degradation of mix cultures under anaerobic condition. Cultures of mix
thermophilic anaerobic were grown at different NaHCO;. Cultivation was
conducted in 100 ml of liquid medium with 8 g/L a-cellulose.
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Table 4.2 Cellulose degradation rate of mixed culture with different

concentrations of NaHCOs.

NaHCOj; concentrations added (g/L)

2 4 5 6
Cellulose
degradation rate 1.14+0.01 1.60+0.00 2.00+0.04 2.00+0.00
g L! day’1
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Fig. 4.41 Protein concentration of mix culture grown at different
concentrations of NaHCO;. Cultivation was conducted in 100 ml of
liquid medium with 8 g/L a-cellulose.
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Table 4.3 Biomass yield (measured as protein concentration) from
cellulose biodegradation by the mixed culture growth at different

concentrations of NaHCO;.

NaHCOj; concentrations added (g/L)

2 4 5 6 8 10 12

Biomass yield
mg protein 8.24+0.08 11.25£0.42  11.87+0.14  11.79£0.44  11.36+0.03 6.33+0.11 0.96+0.20

g cellulose
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Fig. 4.42 Methane production from bioconversion of cellulose by mix
culture grown with different concentrations of NaHCO;. Cultivation was
conducted in 100 ml of liquid medium with 8 g/L a-cellulose.
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Table 4.4 Methane production yield from cellulose bioconversion by the

mixed culture with different concentrations of NaHCO;.

NaHCOj; concentrations added (g/L)

2 4 5 6 8 10 12

Methane yield
p 167+8 215+3 202+1 240+7 563+4 379+5 11344
umole CHy4 g™ cellulose
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Fig. 4.43 Specific growth rate (day ') and maximum methane production

rate (umole day ™) from cellulose bioconversion by mixed culture grown

with different concentrations of NaHCO;. Cultivation was conducted in

100 ml of liquid medium with 8 g/L a-cellulose.
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Fig. 4.44 Specific methane production rate (umole CH, day”' mg™ protein)
from cellulose bioconversion by mixed culture grown with different
concentrations of NaHCO;. Cultivation was conducted in 100 ml of

liquid medium with 8 g/L a-cellulose.
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Fig. 4.45 GC-FID Chromatogram of acetate as VFAs produced from
anaerobic bioconversion of cellulose by mixed culture. (A), 60mM
acetate standard ; (B), direct injection of cultural medium grown with 8

g/L of a-cellulose. Both injection volume of standard and sample is 1 pl.
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Fig. 4.47 Specific acetate production rate (mM acetate day™) from
cellulose bioconversion by thermophilic anaerobes and cultured at
different concentrations of NaHCOs;. Cultivation in 100 ml of liquid
medium with 8 g/L a-cellulose.
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Fig. 4.48 TCOD concentration of mix cultures under anaerobic condition.
Cultures of mix thermophilic anaerobic were grown at different
concentrations of NaHCQOs;. Cultivation was conducted in 100 ml of
liquid medium with 8 g/L a-cellulose.
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Fig. 4.49 SCOD concentration of mix cultures under anaerobic condition.
Cultures of mix thermophilic anaerobic were grown at different
concentrations of NaHCQOs;. Cultivation was conducted in 100 ml of

liquid medium with 8 g/L a-cellulose.
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Table 4.5 Percentage of TCOD removal of the mixed culture at different

concentrations of NaHCOs.

NaHCO; concentrations added (g/L)

2 4 5 6

TCOD removal %  41.58+0.23 50.83+1.31 52.86+2.83 54.17+3.50
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Table 4.6 Comparison with correlation coefficient of cellulose

bioconversion and cultures at different conditions.

Correlation coefficient (r%)

Cultured conditions dggerlil(lizis;
70°C 0.81
pH 6.8 0.74
8 g/L a-cellulose 0.92
1 g/L yeast extract 0.91
1 g/L Peptone 0.97
6 g/LL NaHCO; 0.99

8 g/ NaHCO; -

Protein
production

0.86
0.71
0.87
0.87
0.86
0.75
0.93

Methane
production

0.87
0.96
0.92
0.82
0.91
0.88
0.99
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