CHAPTER 3

MATERIALS AND METHODS
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3.1.2 Sources of Methanogens

Methanogenic sources in these studies were :
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(i) digestive fluids. Samples were collected in the
same manner as above and obtained during December 1982 through February

1983.

(ii) animal dungs. samples of hen dung and pig

dung were collected from erative and Pig Sty,

ig,l Science, Kasetsart
- -—-—
University, Bang}::ksy : ance of the staff members of
this University 2 aftiay fhepe :}-» 3™ kindly acknowledged ),

Samples were obta

respectively, at the
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5" ose fiber (Sigma, St,Louis,
Missouri, U.S.A.) and some—cellult wastes were used as the
substrates. ) __g— ogic wastes were chosen,

1]
straw (Uryza sativa). msnmples were collected

e ﬁﬁﬂﬁ?‘i‘w Wons
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(iii) ‘bamda grass (Cynodon doctylon)., Samples

Those were :
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¥

were collected from lawn in front of Main Hall in Chulalongkorn

University.
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(iv) water hyacinth (Eichharnia crassipes).

Samples were collected from small canal along Jipavadee Road at Din

Daeng area.

(v) waste pape Samples were collected from the

document digester maching @©f the America, Suriwong Branch,

=
And other CUWS™FEW fa @asses (Saccharum

officinarum) and corge®c £l nays) . les of each were collected
collected periodically,
the pool sample wergfpubcge . or small pieces of the cellected
materials were driedfats , exnight drying, they were allowed
' Q ed materials were determined
for cellulose content . Thoss are 0,79, 44,69, 24,39, 19.36,
38,34 and Eﬁ.kizi in -._=‘ e per, straw, Bermuda grass, water

hyacinth, corn cob h

v \.'
The amm% of straw, " pple pa@, bermuda grass, water
hyacinth and waste paper were 30, 80, 50, 50 and 20 mg., respectively,
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3.3.1 Media for Gemeral Bacteria

Eosin-methylene blue agar (EMB; Difco, Detroit,

R s —— ———— i — —— A ——— . S S
— — —— e —— —_—

*
Formula and preparations of these media are  shown in

Appendix B
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> Michigan, U.S.A.), nutrient agar (NA 3 .Difcn'.l. salmonella-shigella
agar (SS ; Difco), triple sugar iron agar (TSI ; Difco), mannitol
salt agar (MSA ; Difco) and streptococci fecalis agar (SFA ; Difco),

were the solid media,

3.3.2 Media for Celhlglffl g Bacteria

d ceﬂulﬂ‘ (RFCA ; 46) was the

r solid medium, 1?1111 .C \\\ fluid cellulose broth
RFCB ; 46). Stock g \\

3.3.3

an cellulose broth (CB),

Baich' sfmedds o) - W(BMA ; 15) was the solid
medium. Stock culture Balch's medium I broth

(BMB ; 15).

4 3.3.4 ced Cultures

L medium agar and ‘broth mSL&, VSLB), versatile media [

:: ::::rm?m riwy;lﬁ:‘juzn were the solid
. VRN NI NN

Samples of rumen contents were kept in RFCB flasks, sealed

with paraffin oil and stopped with a rubber, Samples of rumen fluids

were collected by collecting device (Figure 3.1) suggested by Hungate
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Figure 3.2 Anaerobic cylinder.

oo Bod05 -
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(46), and also samples of digestive f.luida drawn from the bottom of
digestive tank were kept in culture tubes sealed with oil, Fresh
animal dungs were collected. All samples were immediately transferred
to anaerobic chamber (Anaerobic System, Model 1024, dual type; Forma

Scientific,Marietta, Ohio, U, )4 and kept there until proceeded,

3.4.1 eria in Digestive Fluids
ive fluids were spreaded
on NA and differen fl aétd v med } fo ain bacteria,e.g., EMB for

taphylocncci' HA plates
were incubated separgtely £ i€ and ar eru‘h:l.n: conditions but only |

in aerobic condition £01 gléaﬁ ._ e results were read after

was inoculated in o/ RFCB, r incubation m 37'-39'C for 24, 48 and

72 hours, ﬁ ﬂk{ o preserve moisture,

all plateﬂm mpﬂa ﬁ mﬂieﬂ for three to four
wae;kla mla q §=20 iith é:mggeatiw of
:elluliiytic bnr’:teﬂ were : ﬂzrl fied as cellulolytic

bacteria by occurence of typical clear zome in the cellulose medium,

Again, other two times on EFCA, pure cultures of cellulolytic bacteria
were obtained., Due to strong recommendations, all steps here were done

in anaerobic chamber, In addition,all individual isolates were examined
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4 under microscope for morphology and ger reaction aspects., Moreover,
all isolates were selected for higher cullulolytic activity by using
multipoint inoculator devices (128). The selected strainms of cellulolytic
bacteria were subcultured every two weeks into fresh CB and kept as

stock cultures.

steps of methanogens €Tg g ' B angerob ‘amhar. A loopful
amounts of digestive uifl Bgdt tu ypes of 8 nimal dungs were inoculated
into BMB and incubatgdl af 831 697C 4 Affer 45 hours, each culture was

streaked on BMA, anaerobic cylinder

(See Figure 3,2). Outg > ‘anderobic chamber, the cylinders were

pressurized to be two atmos: -5 wi ‘Ez-and €0, gas mixbure in the
.W-.J,‘Jaw' : 4

=

ratio of 80 to _’ weeks, Under ultraviolet

(UV) long wave ke F : ‘-,f:'..- could be detected in

ambient atmnsphe‘.; Afte "iden ficat.& ] the methanogen plates

N 211110311V 04110 RO
= Ry AR T

higher activity of methanogenicity were selected by inoculating into

BEMB, Those tubes were filled with 80% 32-211: Gﬂz gas mixture into the
head—spaces (Hungate technique, 46), and incubated at 37°C for 5 days,

CH, content in the produced gas in the head-spaces were drawn to check
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(procedures of gas analysis would be discussed)., The selected strains

of methanogens subcultured every week into fresh BMB and kept as stock

cultures.

gestive fluids were inoculated
into VSLB and incuba m. These mixed culture
were transferred ev ael i1 g £ and kept as stock cultures.

3.5 Fermentation of and Mixed Cu,

In co~culgfirel's ,%r\ te: 4-day culture (grown
in CB at 37°C) of thE€ ¢ stacf" : '_ organisms and C.1 ml of I
4-day culture (grown in 4o : f the tested methanogens were
inoculated together into itie D—m Eﬂ plus either 0.1 or
' 7

0.2 % cellulose | '; was about 2-3 x 10

cells or about 0 ﬂ- 0. mlﬂ All tested organisms
were individually idoeulated into ghe control tubes, Comparison with

e mtuﬂu&lﬂ BhZdhle 388 fhadbd Usrom 10 vo1s a

37°C) of nﬂ.xed strains was also inoculated into thegCB, The inoculum

of ugdﬁla mmum%nﬂq al&.l cells per ml,

All cmbinnttm of co-cultures (Tab , control cultures of the
co—ﬁultue, mixed culture and control tube were done in three replicates,
During the 17-day incubation of those in the actually anaerobic chamber

at 37°C, the amounts of fermentatives products, e.g., gases and acids,
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ve Table 3.1 Fifteen co-culture sets of binary combination between
- three selected cellulolytic bacteria and five selected
methanogens .

No. of Co-culture ' Ued idolytic + Methangens |

1 + Sec 1l
>
2 + 8c 2
3 + 5Sc 3
4 + Sc 4
5 4+ B¢ 5
6 + Sc 1l
¥) + Sc 2
8 + Sc 3
i 9 l + sc 4
10 + Bcb
11 ¢a 5c 1
ViR ﬂwswa@ﬂﬁnz
Y

E‘Uﬁ+

7']‘%’1 Q9N I NI

C0U4 + 8Se 5
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and remained cellulose content, were détermined periodically., Samples
of gasous products were drawn from gas space of the culture tubes on
day O, 1, 2, 3, 4, 5, 7, 8, 10, 13, 15 and 17. Samples of acid
products of each tube were collected 2 times, i.e,, on day 0 and

e amounts of remained cellulose
’ﬁ 2, 15 and 20, and pH of

at the end of incubation per_n

were determined on day

fermented slurry was 'nr*d e period,
3.6 Fermenl:atiun -_.}l»lx_i_ by Co—culture and Mixed

- \ -
REY \ A\

Cul ture

The experij Mparts, i,e,, actual substrate

and pre-treated subs tion at 15 pound (1b) per
square inch, at 140°C neutralized with 1.0 ¥ HC1

solution.

P ¥

g}r milliliters nf ‘Eungatembuffer (See Appendix B)

e s G B HAT PP ARG o v e

made final v®lume to 10ml w%}h distilled water stnpped 'with screw caps
&Wﬁﬁﬁﬂwu%q ﬁ}ﬂ%}qﬁtﬂ substrate tubes

were tdansferred into anaerobic chamber and kept overnight before

used, Fermentation of the actual wastes--straw, pineapple peal, bermuda

grass, water hyacinth and waste paper, were conducted in the same

manner as in 3.5. Instead of the 17-day incubationm, all cultivated

cultures were incubated for 30 days at 3§?C. During the certain
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period of incubation in the chamber, the amounts of digestive products,
e.g. gases and acids, and remained cellulose contents were determined
periodically. Samples of gaseous products were drawn on day 0, 5, 9,

10, 13, 17, 25 and 30, Samples of acid products of each tube were

cellected 2 times, i.e., day The amounts of remained

cellulose were determingg 6, 21 and 30,and pH of

digestive slurry was . th@ P
3.6.2 E-Lren Ler «-:‘\¥ stbstriates

NS

nts of each su trate were treated as

mentioned before.i the p é‘i‘ (}' i” 4‘& ‘ ated substrates were used
4 md Ii ,' J
as substrates. Ferme E'fa- -

: lstes—straw, pineapple peel,
1.|ri o

bermuda grass, water b e

per, were performed in the

same manner as in 3.6.1._.;?::,;—,1'3,. F
g

—_—— — - ‘.
3.7 Chemical --xfil . @

1)
s of Gas roduc

aﬁUBQﬂHﬂ§WBWﬂ§

Determimtinns of - hydrugeu, carbun dioxide
0 TN 1S s
d8 (Using Shimadzu GC ?AG and Chromatography Propertional Counter,
Shimadzu C-RIA, Shimadzu, Kyoto, Japan). The condition of chromatopac
(129, 130, 131) standard curve, and calculation methods were described

(132) in Appendix C.
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The Porapak QS column was conditioned overnight before used.
After flushing with ﬂz-frea nitrogen gas, 100-pl Harmilton gastight
syringe was used to draw gas samples (100 u1). Standard curves of

Hyy Cﬂz and CH, were prepared by using standand gases (Japanese

Standard). Under this conditie

CEZ and C{J2 were D.?S,if '

The volume of produced gas jas .r' teﬁ@h at room temperature,

25°C., Micromoles o

*C, retention times of HZ’ Hz,

minutes, respectively.

It is noted that thefEmefinfs of gas vol re mot corrected to

juced acids were conducted by

afography. Thin-layer
X

chromatographic s~ €t "GCermany) was used,

;I

The preparation o cartier platas, aolvanta an

. spray reagent were

e ‘ﬁ%&ﬁﬁiﬂﬂﬂiw Eﬂﬂ‘i

eduresef acids ingdigestive fluids

L ARG R VR

(1) 6 ml of culture supernatants were acidified to

below pH 2.0 by addition of 0.l-ml 10N sulfuric acid.

(41) 1 ml of diethyl ether was added to the acidified

supernant, and the tube was closed tightly.

(iii) shaken thoroughly for 10 min,
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(iv) centrifuged at 1,000 G for 5 min,

(v) the ether parts were spotted on the carrier
plates and run continuously (134) for 12 hours (8ee Figure 3.3).

(vi) after l0-minute drying in room temperature,

\\\

30 min. The veolatile aedd as pink or yellow spots

the plates were sprayed witl or and heated at 100°C for

on a green background (SEge
(v

For differentiation[
of formic and prop

sprayed again with 1.0%

ammonical silver ol

at, 100°C for 15 min (See

Standard ac Az :.‘w ether) and the unknowns
F r |
e concentration of unknown acids,

e Figure 350

were run together.

various volumes o

The relatawe busyric acids as the -

arbitary stan&ard wfre shovn in Table 3.2 Table 3.2..

] u&mﬂm TiEhel e
) K AP SO SR WY ar LI

from the spot areas, The method of calculation would be discussed in

Appendix D.

3.7.3 Determination of Cellulose Contents

Total or remained contents of cellulose were
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” // . Absorbant
Angled trough
4 2
Figure 3.3 Contifiuoys fid ‘fn _E \ ogrephy technique.
A\

Figure 3.4 Twelve hours continuous thin layer chromatography

plate sprayed with indicators,
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1, Butyric acid

2, Propionic acid
3. Formic acid
]
5

. Acetic acid

| O =X K
5 5
0 0 9
5 O O

-— » =

el W‘ﬁ‘&ﬂﬁﬂ?ﬂm"}‘ﬂ gl EI'“"“"““

9thin layer chromatography, c¢ = Control standard a

0.2 % "My 10 w1, A, Ay, Ay = unknow, By, By,B, = Broth

control.
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Table 3.2 The Relative Distance Move of the Acids,

Sucecinic acid .2 (+ 0,48)

Lactic acid N

Acetic acid "

AULINENINYINT
RINNIUANIIN N




D¢ Forom) vt jon %&Wﬂ?_‘? &'M__
e — .

Totad ot swmasrusd aonlonls ofuﬂu!mmm

determined by Updegraff (135).| Preparation of reagents, standard
curve and method of calculation were described in Appendix E, The

process would be performed in serial steps, those were :

{i} homogenized sample of microbial culture in a

waring blender.
tube

a dinical-type cenf¥]

supernatant

ic reagent (it is

convenient to do th ng well on vortex mixer,

then adding the remainfng/Z ng.)

op to reduce evaporation

and created a refl . ‘ a boiling water bath

for 30 min, Igvel as the liquid in the

I8 ]

P %H%%’ B Bfirens. pecenea

and discarded sppermatant,

AW R BN ’4@ - e

the mamr similar to step v.

tubes.

(ix) centrifuged 5 min at high speed and discarded
the supernatant

(x) added 2 ml of 67% HZS{J# (v/v) in a manner
gimilar to step 5. -
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(xi) 1let stand 1 hour
(xii) diluted into 100 ml volumetric flask with
distilled water,centrifuged if any precipitate or turbidity was present

(xiii) placed 1.0 ml of this dilution in a 150 x

18 mm. tube, added 4.0 ml dig&il water, place tubes in an ice

bath to cool.

arble on top of each

and placed tubes in /'f;:u. ath fe \lﬁ min .

::?<-3 min, let stand at room

pf each at a wave length of

620 mp agant a reagent blati

'ﬁsjaead from the standard

curve and calnulafgq Ahe
W

AUEINENINYINS
ARA9N TN
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