CHAPTER 4

RESULTS

4.1 Some Bacterial organi

Total bacteria and anaerobic environments
were 9.7 x ID? an - cle 1 Léym ;"~ ectively, Bacterial

counts for gr = group, bacillus

5

group, streptoco e x 1(}?, 1.1 x 107,

1.1 x 107, 2.0 x

7

et ml, respectively, or

about 6.4 x 10

4.2 1Isolation and S¢ _f;ii-,l Liltures

Y |
12 purel cultures of suggestive
i¥

nellululytic bacteyia were selectgd and named CUl, CU3 and CU4 .

. m&mmmw N9
“q wmﬂmﬁmjﬁﬂmm

agar-—Smn in diamete at, rugged edge,

surrounded with 3-mm clear zone (See Figure 4.1).



50

lolytic bacteria CUl

(x L@ e agar, incubate 4 weeks

alance atmosphere.

Figure 4,2 Morphological characteristic of cellulolytic bacteria

CUl (=x330) cultivated in cellulose broth 4 weeks at

37'C in 5 % Lﬂ2 10 % H2 NE balance atmosphere,
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Morphological characteristics —-rod-shape, gram-negative

bacilli, 1 x 3-6u| (See Figure 4.2).

CU3 : Colonial characteristics--2-5 mm in diameter, yellow, clear,

flat, rugged edge, s ed with 3-mm clear zone (See

Figure 4.3).

HMorphological cha teristi -rod-shape, gram-negative

bacilli,

CU4 : Colonial ¢ of st 8- 5 mm'in'diameter, pale yellow, flat,
rugged e anfl Surrounted with 3-m clear zone, (See
Figure 4.5

A s
Morphologicalftharapreris

G

bacilli, 1 x _Jg

d-shape, gram-negative
4.6).,

Pre-tes gi 5 2§ bf those three selected

strains were per&:ne_d. e

fibre were 1 toftést acid formfition, and the results are shown

o AU RN, e e
Y A R [1 T RN oI T:Y)

succinic acids, were produced. Moreover, the amount of acetic acid

dia ntain@tl.l or Q.2'2 a=cellulose

in the high cellulose medium was about 2 times higher[than the lower
one. The capacity to degrade cellulose in CUl and CU3 l seems to
be equal, but Figure 4.7 shows the rates of cellulose utilization by

CUl is better than the others, The pH of each monoculture was
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Figure 4.3 Colo ulolytic bacteria CU3

(x 1.6 o Fimed £hud lulose agar 4 weeks at 37°C
in 5% g0 MO 4 e® atmosphere .
+

b

Figure 4.4 lorphological characteristic of cellulolytic CU3
(x 330), cultivated in cellulose broth 4 weeks at 37°C

in 5 ¥ CO, 10 % E2 N, balance atmosphere .

2 2
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Figure 4.5 Coloud8. lolytic bacteria CU4

a1l 1&& agar, incubated

l-l2 N2 balance atmosphere ,

Figure 4.6 Morphological characteristic of cellulolytic bacteria
CU4 (x 330),-cultivated in cellulose broth 4 weeks at

37'C in 5 % CO, 10 % H, R, balance atmosphere .
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Tagble 4.1 Acid production from a - cellulose by three selected

strains of cellulytic bacteria.
Initial No. |o—cellulose Production (p mol) of
Organisms of ﬂrganium}l
(cells x 107 )| o Acetic acid | Succinic acid
Ccu 1 ; 5.98(+ 0.46) ND
1.85(+ 2.15) | 1.66(+0.25)
cu 3 65.06(+ 0,73) ND
0.95(+ 0.65) | 1,50(+ 0.18)
cu 4 50 (+ 1.36) ND
0.82(+ 1.66) | 1,70(+ 0.16)
Alls were means of 5 repliést "\
% ND = cannot be -‘i

E
AULINENINYINS
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Figure 4.7

TNy !‘ N3

AT mﬂm«mma BPaay

Remained cellulose contents and pH reduction in

lluloae, mg)

ﬂ
l"_°

.callglose fermentation by three selected strains

of cellulolytic bacteria : CU 1 (a), CU3 (0O ),

and CU & (o ).
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gradually drop until day 8. Anyway, there was no difference in the
rate of pH reduction among those strains, Gaseous products of
cellulose fermentation by the tested strains were H, and Ii'JIZJ'2

(Table 4.2). Figure 4.8 shows the gas production rates of those.

The rates of hydrogen gas prada

n were constant for about 5,

8§ and 10 days in monoc

o /&)]}3 and CU4 I'I respectively.
] ﬁ the amounts, the rates

similar to 32 From

Difference in the
of carbon dioxide prog

these results indicg 0. ytic bacteria strain

CUl might be suital dyorganism in other

experiments.

4.2,2 Methanoge

.5 pure cultures of suggestive

methanﬂgenic bacherd: re named Scl, Sc2,

ge3; S:*.# and S ‘f! yr methanogenic activities,

|
They were nharacmized RE T i

ol FNUADEN NN L e -
ARSI A e

Morphological characteristics—coccal form, gram-negative

cocei, 1-2 p (See Figure 4,10)




Teble 4,2 H, CO, Production from cellulose fermentation of three

selected strain of celluleolytic bacteria

57

Productions (u mol) of
Organisms
c“q 2 ¢ co
cu 1 0 2.05
cu 3 [} 2,33
cu 4 0 L.92
Mixed Culture 83,1

Inoculated = 3 x m’-

a cellulose fibre, incy

AULINENINGINT
PMIAIATUAMINAE
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150 A

100 |

Gaseous Products, u mole

50+

15 day

ﬂUEl’JVIEJVI?WEJ’]ﬂ‘i

Figure # 8 Gasamlu produdts of callﬂps& fermentation by three

| ISR QA R

CUl ( s = Hzi A4 = c‘ﬂ'z)l
coD3 (0 = HE’ e = Cﬂz} and

. Ccu4 (cC = H,, m = Eﬁz)
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a ,-._ gtgC © -||'. 'DEED S['.l {x 1;&}

Figure 4.9 Colonla]

on bl 5 12 r4 intubaced 4 weeks at 37°C

in 804% %ed 2 atmosphere .

Figure 4,10 Morphological characteristic of methanogen Scl

(x 330), cultivated in balch medium 1 broth, incubated

4 weeks at 37°C in 80 % H, 20 % CO, pressurized 2

atmosphere .
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§c? ¢ Colonial characteristics—Ilmm in diameter, shining, smooth,

round, convex, yellow (113.4 umol Eliq). See Figure 4.11,

Morphological characteristics—coccal form, gram-negative

cocci, 1-2 u (See Fig

round, smooth,

Figure 4.13.

gram—negative

cocel, 1-

Scé |.= Colonial .;u ning, round, smooth,

cenvex, palg 12" fmol CH,). See Figure

4.15.

Morpholagi orm, gram-negative

- T e TP -
cocci, Loy (See Fi s 4,16 ')

Se5 & ﬂnlonial'gmruteristics--z mm, s}dﬁnz, round, smooth,

¢ o | Y :
“FUPINBATHYAN T vt
logical nhara‘teriaﬁns-ﬁnccnl formlgram-negative

ARSI Y

1:12-{!02

methanogens, To compare this, five tested methanogens were initially

utilizing capacity is a common character of all

cultivated in different amounts of HZ—CG » and the results are shown

in Tables 4,3 and 4.4. It was found that the more in H,~CO, comcentration,
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Figure 4.11 hanogen Sc2 (x1.6)

[
: E%ted 4 weeks at 37°C

-2 atmosphere,

Figure 4.12 Morphological characteistic of methanogen Sc2 (x 330),
cultivated in balch medium 1 broth, incubated 4 weeks

at 37°C in 80 X% H, 20% GD2 pressurized 2 atmosphere .
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Figure 4.13 Colog metllanogen Sc 3 (x 16) on
N

f o o\ Y
balchdfedd i Sals b & eh&% weeks at 37°C in 80%

H2 20%

Figure 4.14 Morphological characteristic of methanogen Sc3
(x 330), cultivated in balch medium 1 broth, incubated

4 weeks at 37'C in 80X H, 20% CO, pressurized 2

atmosphere .
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h
-
Figure 4.15
+
U
|
Figure 4.16 lorphological characteristic of methanogen Scé
(x 330), cultivated in balch medium 1 broth, incubated
4 weeks at 37'c in 00X H, 20% CO, pressurized 2
-~

atmosphere .
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Figure 4.17 :thanogen Sc5 (x:,6)
ated 4 weeks at 37°C-

atmosphere .

Figure 4.18 Morphological characteristic of methanogen Sc5
(x330), cultivated in balch medium 1 broth, incubated 4

4 weeks at 37°C in 80% H, 20% CO, pressurized 2 atmosphere.
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Table 4.3 Hz-Cﬂz utilizing capacity of the tested methanogen
Scl-Sc5 in low amount of Ez-ﬂl32 condition
[!Ii."| Production Ratio
Bacteria
(ul) CH&;’EZ cons

Sc 1 1100,7 1.86

Sec 2 977.8 1.66

Bc 3 1134,0 1,92

Se & 1138.2 1.93

e 5 1480,2 2.50

B T T :
Alls cultivated in 10 ml bale -5, ﬂw th 10X + B,5% €O, N,

balance gas mixt ‘._ 4 ace, o 1

Initial stage f,l g
] |
i I

AUETNENTAYINS
MIRINIUNN NN Y




Table 4.4 az-mz utilizing capacity of the tested methanogen

Sel-5c5 in high amount of l!:.!'--chﬁfl2 condition,

66

M’/ / ; CH, Production

Bacteria :L——: . A
S8 (ul) ﬂ:‘lﬁfﬂz cons

Sc 1 i / ‘ *{\ 2296,7 1.35

Sc 2 01.¢ 5 \ \‘ 2539,5 1.58

sc 3 afl. 2, =g - 2498, 5 1.36

Sc 4 gl £ F0 3001,5 1.30

Sc 5 b, 9 3415.9 1.56

Alls cultivated in 10 ml balch mediwi I brok h BOX 20 % co
ﬂ-w < Tk
in head space, incub

In.it:l,nl u;n

1869.2

ﬂuﬁqwﬂwiwawnﬁ
ammﬂimumfmmaﬂ
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the more in CH?& formation. In li2 excess, the selected strains, Sc4

and Sc5, utilized large amounts of H, to form CH, gas. Comparing
between the two systems, the ratio of 'L-l2 loss and Gl-l# production

in low H, condition was 1 to 2,but in excess condition, only 1 to

1.3, and also both Scéar PYOF igh amounts of CH& in both

Systems.

In fifteé cyl fure s 1S Lhe\amounts of remained cellulose
are summerized in PbUE iled resulrs of certain sets are
presented in Figures ! : i “Apper di% F. Depended on the
cellulose digestion cfipacity of EMewested organisms, CUL, CU3
and cu4,} cellulose wa_., ot det | on day 12, day 12-15 and
: he f . , 1lulose by co-culture
resulted in V matd : , products, acetic acid or
acetate, succini .| acid or succinate, r:arhcm dioxide and methane,

The muntﬁuwrwwﬁj}m five sets, succinate

could not béjdetected, The ‘Percentages of acid loss were. widely
RARARINTH NV R B
respedtively. The pH of the medium decreased from 6.9 at the
beginning of the incubation to 6.3 at the end of fermentation,
Hydrogen was not detected during fermentation of all co-culture sets,

Productions of Cﬂz and CE# in co-culture systems of cellulolytic




Table §,5 Resaimed cellulose im the fermestation of

co—culture with methonogens Scl, Sc2, Sc3; Sct anioEie—

""-ia.
\

B8 i //gi\\

CH 1 system
U I + 8cl
+ 8c 2
+5c 3
* 5c &

+ 5 5

ﬂUEI’JVIEWI‘ﬁWEI’Iﬂ‘i
’QWINﬂ‘iﬂJN%TAﬂH’]ﬁH

Besaned cellulose

day 6  day 12

CU & systea 14,2 2.0

cr 3+ Be 1 13.5 1.7
+5c2 14.5 0.6
+5c3 13.9 2.0
*5c4 12,5 0.7
* 55 13,3 |- 0.8

89
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fable .6 Acid preduction im the fermentation of cellulose (20 mg) by momoculeurs of cellulolytics bacteris, Cu 1, CU 3 and CU 4 and
by co—culture with ssthsnogens, Scl, Se2, 5cl, Scd and Sc 5, for 13 day ipeubatcion,

' Inicial Mo of Produceion (b mole) of
Organiss Organias 7 3
(cells) = 10 Acetic scid I less Succinle acid 1 loss
CU 1 System 1.5 115 [+ 2,15) 0.0 1.66 (# 0,25) 0,0
U 1+ Scl 3.5+ 3,7 8.4 W 100
+ Sc2 3.5+ 2.1 W25 [ 38,8 0.75 (+ 0,0%) 56,8
+5¢3 5.4 2.3 E 1 8.6 1.36 (+ 010 18,1
43564 3.5 4 1.6 K 0,90 (+ 0,16) 45,8
+5e 8 3.5+ 2. o 100
CU 3 Syste=m 1,50 {+ 0,18} 0.0
Cu3+sed 1.5 (+ 0,23) 0.0
+5c 1 1,05 (+ 0.13) 10,0
823 L6 (+ 0.18) 29.3
+5c 4 1.07 (& 0.13) 28,6
+5c 5 s (4008 4.6
CU & System L.07 (+ 0.16) 0,0
CU 4+ Sc 1 ¥ 160
+ 8¢ 2 ] 1]
+ 5¢ 3 MDY og
+ 8C & 0.63 (+ 0.08) 2.4
- 455 0.72 {+ 0,11) 32,7
Mead ; o
-3 T . PR TR 3.1.- EEN ju L
1.8, 2.5

HBA RIS DN
RININTUNRINYIAY
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. bacteria strain CU 1, CU 3 and CU 4 afe summeriged in Tables 4.7-4.9,
respectively, detailed result of certain sets are presented in
Figures 4{25—&,30;in Appendix F. After 10-day incubation, total
amounts of biogas production from co-culture sets were widely varied
i.e, 1.,8-4.3 mmol per gram © ose and composed of 58-75 %
methane. Moreover, it ' Aua rstems of cellulolytic bacteria,

e

CU 1, CU 3 and CU 4, the @maximal n-~4¢3353535 of CHh composition

i were 68, 64 and 7 k on of cellulose in the
mixed culture co ot b obE *\\.\* axison to co-culture
fermentation, any h-'-\mk“s\\ on products could not
be detected. Tab! : é : \R \\‘ lentation products and
the periods of cellfl -THQ; 7;;f- & In six co-culture sets,
The shortest period § ppeirence of cellulose high
degree in acid utilizbl: of total amount of biogas

o production n-hx' . : . fomposing, the co-culture

i
system of CU 1-5:

i
4.4 Fermentation ©faCellulosic Wattes by Co-culture
e WWI? WeIN39

siflar to :ellulase fermentian, the end prnducta from the

~RRAT IO NYAGY: @1

cellu oSE). paper (71 % o ~ cellulose), straw (45 % a - :allulose},

bermuda grass (24 % o - cellulose) and water hyacinth (19 % o -
cellulose) by mono culture and co-culure are volatile fatiy acids,

hydrogen, carbon dioxide, methane and others, Table 4,11 compares




Table 4.7 mmmmw&mﬁu’{mq]wm selected strain of cellulelytic

mu1mmwrﬂm-w

20-day incubation

'.1.‘ ' /3, Sely and Sc5, for
N \ /

B Frodoctica real =2 ol

Cellulalytiz becteria CU 1

Cellulalytic bacteria OF Methanogen Sci
Cellulolytic bscteris CU tMethanogen Sc 2
Cellulolytic bacteris CU fsMethanogen Sc 3
Cellulolytic bacteria CU Ms:;

Mﬂmﬁummm&i

Hixed Culture

Contral

{32 3) | (54.5)

JNH10

aﬁw {ﬂ iuwm'awzj 8

. HI# Froduction y male CcH m1
' (%)
10 day 5 day 10 day
¥D
A -‘9-': E-“ !.-.E]
(57.2) (62.0)
50,7 146 1.66
[62.8)
L8,0 1.54 1.77
(63.9)
L6.2 1.50 2.09
(&7.7)
47.0 1.30 1.42
{ss 7)

®MD = iny product could not be detectsd,

Tz
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Teble L.8 Ges production from fersentatice’ of 20 mg o cellulose fiber
H, Prodaction y male | CO, mole | CH, Production » mole &, : oo,
Urganiss
5 day 10 day 5 day 10 day
Cellulalytic bacteria CU 3 TT.8 D
(81.6)
Celldlelytic bacteria OU 3+Methancgem Sc 1 | 2,0 52.0 2.30 1.70
(5.6} (63.3)
Cellulalytic bacteria OF 3+Methsnogenm Se 2 | D 50,0 A.35 .40
(s6.8)
Celluloiyric bacteria Ci3Methanogen Se 3 2,0 45,0 . 144
(12.9) (58.5)
Cellulelytic bacteria OO JtMechanogen Sc 4 | 6.0 45.0 1.3 1.8
(12.9) (64, 2)
Cellulalytic becteris CU 3eMethanogen Sc 5 | ¥D 53.8 1.60 1.60
E Ay | (61.9) (2.6}
- o w'mﬂmw JME
U
Comtrol ED
p 7 I " S 0 ¥ [ k.
q M \Fdiad ] iRl .‘ " q@r”

9
Note  Infermintation of 20 mg o cellulose fiber by pure culture of methanogen Scl-5¢5 no gas
production could be detected

*Fercent calenlated from total wolume of biogas productiom

Zi




Organiss

Cellulalytic bactaria CU 4

Cellulelytic bacteris CU 4iMethancgen Sc 1
Cellulelytic becteria CU 4+Methenogen Se 2
Cellulolytic bacteris CU 4+Methanogen Sc'3
Cellulelytic bacteris CU L+Methenogen Sc 4
Cellulelytic bacteria CU 4+Methanogen Sc 5

Hixed culture

Contrel

A

WNE

73

(s0.0)

10.8 18.9

Qﬂ ﬂﬁ LEIET

P00, Production u mile (%) GH, Profiucticn u mole (%) e, : Co,
10 day 15 day 5 day 10 day 15 day 5 day 10 day 15 day
25.0 45.0 ND ND ND
(23.3) (27.1)
18.8 19.0 10.8 35.0 55.5 1.25 1.94 2.89
(34.9) (25.5) {57.4) (65.1) (74.5)
%.1 16.6 9.0 27.5 50.1 1.8 3.0 3.l
(24.8) (2:.2) (63.4) {75.2) {75.1)
12.5 25 10,5 2T.5 53.0 1.2 2.2 2.12
[ (3.2) [ (32.0) | (s6.8) (6s.8) | (68.0)
£ 19.& 21.0 g.0 27.0 46.0 1.0 1.4 2.19
(£1.3) {31.3) (50.0) (s8.7) (&2.7)
28.0 13.5 38.0 58.0 1.3 2.1 2.0
(32.5) {52.2) (65.8) (67.5)
KD n ND
KD ¥D ND

S a0 D gl

Note hfmt;timuf!ﬂq -uﬂlﬂu-ﬂbu by pure culture of methuncgen Sec 1-8¢5 no Grs produstion could be detected.
*Fercent calculated froz total valuze of biogas productien
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WD = coald not be detected

R
. " -
A
Table &.EH tt].luim wmumm:n bacteria strains (CUL, CU3 and CU&)
and pethamogens {5cl, Scl, Scd and Sc5)
cE, fcellulose
100% cellulose Gas production at day 10 (v mod) jiaa
Co=-culture Set £ -
loss (days) Acetic acid " Hy ca, (xci,) | ca, : 00, .
co 1 (] 11.85 (+ 2.15) ' 1501 ¥ (0) 0 0
U L+ Sel 12 T.65 (& L.14) 9.0 WD 49.0(62.0) L& 1.5
CU L+ 5ed 12 8.21 (+ 0.90) 8.2 D 46.2(67.7) 2.1 2.4
B l+5es 12 9.63 [z 1.09) 80.0 WD 47.0(58.7) 1.4 2.4
w3 12 10.95 (___ -'f::.-""- kB .._," 152.5 = () C] 0
CU 3 + Scé ) .10 (+ 1.0 : ;! ND 48.0(64.2) | 1.3 fE
4
cu & 0 10.82 (# 1. 55‘: 107 (+ n..15:- 150.0 115 w0 (0D 0 0
LU & & Sc 2 ] g EIE] . &T ﬁa 2] 27.5(75.2) 3.0 L.8
o 4 u NTNINYING = (ool | 2
Mized culture = L ¥
’ &
.]W ARkt al 419 18 & _

vt




Table 4.11 Acid production Gas produccion and remained cellulese in Fermantation of cellulosic wastes (1g) by cellulolytic bacteria CUL,

CUI + mechanogen Sc & and mixed-culture, incubated 25 day at 37°c

75

Actual Alkalil treated
Substrates Remained Cellulose |Acid production Remained cellulose |Acid pmducdnn_ Gasiproduction (umol)
wg (%) (u mal) day O mg (%) {u mal) day O day 15 K, co, l.':!i

Fineapple pesl

=y 42 el scstic 3320, butyrie 42 184 (80.0) aceric 397.8 6.90 6.48 KD 48

54.0, succinie 107.2

o 23 v SCREIE $152 6.99 192 (83.5) acetic 262.0 6.90 6.46 102 198

1 o i B2 (%84 . 6.99 222 (96.5) acetic 470.8, propionic | 6.90 6.78 244 10
Paper 182,4, butyric 456

= &0l 0@ sostly'892.3 7.00 9 (11.7) scetic 782.5 7.00 6.3% | se2s | 1325

all Ll 0:40) Al LD .00 L 0 (0) acetic 743.0 7.00 6.43 1050 2610

- Mixed culture 565 (82.0) D 7.00 6.95, e & S5 e ' o
Scraw

= Ko Clndl | fwoatic 43N.3 T80 B (2.5) acetic 1054,6 7.00 6.36 | 3403 557

- CUL+Sc4 200 (51.7) acatic 441.6 7.00 . (6) A S 3 4 P i

™ MG euine W32 3) - 704 L 33 (89.8) D 7.00 6.49 177 70
Bermuda grass ‘

= sl 98 (B.7) RERELe383.6 m 212 (84.8) acecte 116.0 691 | 669 | W

- CU 1 +8c4& 42 (15.3) acatic 501.6 : 196 (78.4) imm 147.8 6.91 6,66 60 -

- Mixed culture 230 (83.9) o Y w EJ"] ﬂa‘ﬁss.h; scartc 672,6, propronte | 6.90 | 6,84 192 e
Water hyacinth

- el 90 (41.6) acatic 233.¢ ¢ : . - ‘f acetic 147.0 6,85 6.52 KD 46

- CUl+5Scé 122 (56.4) acetic 249.2 % :J’J m H:Iﬁ:ﬂ acetie 127.4 6.85 6,44 68 60

- Mixed culture 182 (84.2) MD 164 42 186 (93.0) W 6.85 6.69 120 ND
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the fermentation’ products and remained cellulose contents from those
wastes under the actual and alkali pre-treated conditions, The degree
of cellulose degradation in those wastes was widely varied, After 25
day incubation, the cellulose (about 12 mg) was disappeared from the

actual paper by the momo-cultuze of €U 1, and from paper (both actual

and alkali-treated) and alkaldi- ) straw by the co-culture of

. swthat™~25 % ‘«éﬁlulose contents of those
wastes were degra -and /or .« fures (See Table 4.12).

ulose degradation was
er waste. Compared
with the mono-c : e cell 5 degraded in the co-culture
except the two se edl tal ‘wa cinth and alkali-treated
pineapple waste as Sub$ gdi~) i yf the medium in both mono--
and co-cultures was gradi g ed depending the degradation

uf_ cellulose.

The a '-‘ product ems were varied qualitatively

U

It was found that afetate, the major acid,

conild be amﬁwmﬁmsynm except

the actual fineapple waste :Ln munntulture system (Tnble Table 4,13),

q mmﬂfiwowﬂ Q m Qﬂ ﬂe generally

lower than in the monoculture (Table 4,14), Hydrogen could be

and/or quantitatively,

detected only in the monoculture of cellulolytic han!:eriq ‘I’:Lﬂ: not
in co-culture, It was found that the amounts of hydrogen production

and methane Iprudur:tinn were related, i,d., high in the first one
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Table 4.12 Degree of cellulose degradation in 5 cellulosic wastes

under actual and alkoli treated condition, incubated

25 day.
lulose Degradation
Substrate -

~- 2 CUl + Sc4

1. Actual paper . : | If N 100

4. Treated straw / : ‘.E ' 100

3. Treated paper AN 3 \ 100
4. Actual bermuda g ass A f: o> 84,7
5. Actual water hyaci ' ‘J,ff 4 ' 43,6
6. Actual straw : =5 _ 48,3
7. Treated pineapple 2O 16,5
8. Treated permud = 21.6
9, Treated wacaz‘hyﬁiﬁ . 29.0

10, Actual pineapple pPael,

FWEI’J‘VI NTNYINT

QW'W AINTUNNINYTAY
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Table 4.13  Acid production (umol/g substrate) in cellulosic waste
5 fermentation by monoculture CU 1 and co-culture CUl+Sc4, in
incubated 25 day, 37°C.
Mono-culture CUl | Co-culture CUl+4Scé4
Substrate
Acetate
1. Treated straw : ‘ 757.6
® 2, Actual paper 7 ‘ 644.,0
3. Treated paper ry// 743,0
4, Actual bermuda gr 510,6
5. Actual pineapp 435,2
4.0, :
107.2)
6. Actual straw 441.6
7. Treated pineag 262,0
) 8. Actual water --?.:r—' o 249,2
9. Treated water kg . ::I.nth 147 .: 127.4
10 147.8

T HREInendngting

QWWﬂﬂﬂ‘imﬁJﬁﬂ’mﬂ’lﬂﬂ
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Table &,14 Gas production from the fermentatiom of e

‘

CO 1 + Sc&
Substrate
L
Actual paper 6125
Treated paper 5625
Actual straw 3900
Treated straw 3403
Actual bermuda grass 3200
Actual pilapple peel 2180

Actual water hyacinth
Treated pineapple peel

Treated water hyacinth
Treated bermuda grass

] { £ VR 5

\\\
M m1+5-=i
3@ R

ammmmmw ﬂmﬁ' 4

L g -
gioly monoculture CU 1 and co-culture
1/g) XcH .
4 Eﬂa mi
Cﬂﬁ Ratio
2120 6.7 2.20
2610 7.3 2.48
1433 64,2 2.25
1262 67.1 2,04
1600 0.7 2.42
194 484 7.3 2.49
El’ﬂzf] ‘j’ 260 56.3 1.29
102 158 60.7 1.55
46.8 0.88

could not be detected

6




Table 4.15 Gas production in the fermentation of cellulosic wastes by the cellulolytic bacteria CUl + methanogen

Sc4, incubated at 37°C for 25 days.

\J

ﬁ‘.“‘:‘ -—J—.

Gas production (umol/g)

Substrates /m:\:ﬁb\\i\k
/A \\\ i,

a-cellulose fiber#* . . . 2,400
Treated paper 4. 14 .1;: W 2,610
Actual paper 5 08 i 2,120
Actual bermuda grass ';., Bl 1,780
Actual straw - g
Treated straw A | 1,88 ¥ 270
Actual pineapple peel ]ﬂ

Actusl water hrﬂﬂﬁ‘u U "J ﬂ E] ﬁ‘i w ’] ﬂ i

Treated pineapple

e TN Y ijjﬂ’] Ne TR Y

Treated bermuda grass

Cellulose loss CHﬁ Cco

Total Gas GH& Ratio

3,410 2,400 2,13

5,382 3,838 2,48

4,251 2,922 2,19

9,720 6,882 2,42

, 430 11,076 7,625 2.25
5,775 3,888 2.05

480 24,068 16,519 2,49
4,899 2,757 1.28
7,895 5,312 1,94

2,207 1,500 0.88

1,111 0 0

*Total gas = the net amount of CH# and Cﬂz

**incubated 37°C for 10 days, and cellulose could not be detected
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caused high in the second one. Table 4.15 compares the gaseous products
products of the fermentation of pure cellulose and cellulosic

wastes. In pure cellulose system, the amounts of total gas and

methane per gram of dry weight and per gram of utilized cellulose

was equal, :d dy: " system, both amounts of total

components of th péper« Ti ;.. Lts showed that the
amounts of tutai ,5';? 7 ‘ . \\\ llulnse loss were
higher than per gram @i i- o 1 '@ '\‘x systems of cellulosic
wastes., The ratio aried in range from 0-2.49
in case of the celiv si ....'; ' A the pure cellulose system
was 2,13, However, 5. 0f methane production from

those four actual paper,actual

m sults indicated that

the wasteﬁﬁ ﬂﬁ T‘I W{wﬂqﬂqﬁuo@a production

om ce llqlpsic

’Qﬁﬂﬁﬁﬂ‘imﬂm’]?ﬂmﬂ&l

bermuda grass ‘afic

J

five kinds of th te.ste.-d substrates, the

high, 67-71. From
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