CHAPTER III

MATERIALS AND METHODS

3.1 Sources of microorganisms
Twenty seven strains of identified bacteria, Bacillus subtilis, were provided by
N. Maneechote and 16 isolates of denitrifying bacteria were from K. Smartivutikoon.

In addition, bacteria isolated from other sources in this study were from decomposed

vegetables, soil around food was ‘ a, soil around hot spring areas from
Sankampang, Chiang Mai, )post obtained from The Royal
Project, Chitralada Palac ‘ -

3.2 Culture and seW'/

The solid medi I , ase producing bacteria (CMC agar,
Hankin and Anagnostaki * (pe iter): (NH4),SOq4, 1 g; CMC
: ; ract, r; 10 g. The cellulase enzyme
production medium (Krishnay 1998}y ed of (per Liter): Na,HPO,4. 7H,0,

P ot
1.18 g; KH,POy4, 0.9 g; NaNO3, = 2. MgS04.7H,0, 0.5 g; Yeast extract,
nd Spowder, pH 7.0.

0.5 g; casein hydrolyzate, 0:5 g

" -

3.2.2 Media fmﬁm IB

The medium used fo;.screening protq‘aje producing bacteria was composed of
i
m

(per Liter): pepﬂeﬂm ?(Iﬁ ﬂhﬁ V!IEJ fjﬂ ? agar, 12 g. Colonies
lected. edium for prc

producing clear gZone were co e r protease production was

¢
) 915 VT4 W (b1
MgS04.7H,0,'0.4' g; MnSOy. JO. s FeS04.7H,0,'0:01 g yzllstextract,lg;

at pH 7.0 (Bayoudh, 2000).
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3.2.3 Media for lipase activity
Solid medium for screening lipase-producing bacteria (Kouker and Jaeger,
1987) was composed of (per Liter): nutrient broth, 8 g; NaCl, 4 g; rhodamine B 0.01
g; olive oil, 25 g and agar, 10 g; pH 7.0. The liquid medium was composed of (gL
soybean meal, 20 g; peptone, 10 g; soluble starch, 10 g; K,HPOy, 2 g; MgS04.7H,0,
1 g and CaCO;, S g.

3.3 Chemicals and instruments
3.3.1 Chemicals \
di-Ammonium sulfate ((NH3)>SO,)
3% Hydrogen peroxi
Agar powder (Agar-2
Avicel, PH 101
Calcium carbon

Carboxymethylc

di-Sodium hydrogen ph@sphate anhyd aHPO,. (Carlo, Italy)
’ ,

Ferrous sulfate hecta hydrate]
i #Jﬂt“ v/ :N
Peptone (MerckyGermany) == = «

Polyvinyl alcoliotCario ttatyy——

0) (Merck, Germany)

i
di-Potassium hydfoge ; rlﬂtaly)
Potassium chloride g(Cl) (Merck, Germany)

Nﬁm&’ﬁ(ﬁmﬁ WINE

Olive oil pure solution (CO-PH, Thailand)
Rhodamine B (APS, Australia)

Sodium chloride (NaCl) (Carlo, Italy)
Sodium hydroxide (NaOH) (Carlo, Italy)
Soluble starch (Himedia, India)

Sulfanilic acid (Schalau, Spain)
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Tetramethyl-para-phenylenediamine dihydrochloride (TMPD) (Merck, Germany)
Yeast extract (Schalau, Spain)

3.3.2 Instruments
1. Hot air oven (Binder, Germany)
Balancer, model BP 2100S (Sartorius, Sweden)
Shaker, 1010 (Heidolph Instrument, Germany)
pH Meter, model 250 (Denver Instrument. Ltd., Co., Germany)

Autoclave (Diamond, |

© ® N AW

10. Centrifige (Heite

11. Spectrgpho / D

AULINENINYINT
PR TUAMINYAE
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3.4 Screening of bacteria

Bacteria from all 4 types of samples, namely solid waste, soil from food
dumping area, hot spring areas and compost, were similarly screened with the same
method. Ten grams of each sample was separately placed in 100 ml of sterile water
with constant stirring to obtain the homogenous solution. Then the samples were
subjected to serial dilution to 10 fold concentration. The diluted solutions were
spread on agar plate suitable for each enzyme activity assay. The spread plates were

incubated at room temperature (28° hours. In addition, the bacteria provided

by N. Maneechote and K. Smartiv : , reened for three types of enzymes

ivity assay as follows.
—

The diluted sol
hours. (Hankin and Ana

o
CMC "agar and incubated for 24 - 48
'ew, 2001). Approximately 5
ml of congo red were" d left stand for 1 hour. Then the clear
zones were observed '.r.’ tio, © \ ear zones and colonies and the
colonies were picked. P es : .";'o- ) nutrient agar for further activity

testing.

3.42 Proteasé-p
The diluted sel S\
Bayoudh et al (ZOOO)H' he clear

o AUYANYNINYINS

343 Llpau-producmg colonjes o Y

TheIGpGn G biréhd EfRGpdandis B bear fl1iing the method

of Koukér and Jaeger (1987). After 24 hours of incubation, the plates were placed

under the UV lamp for the detection of the fluorescence colonies. The orange

J following the method of
producing colo&s were selected for further

fluorescence colonies were then picked for further assay.
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3.5 Assay of enzyme activity

3.5.1 Cellulase activity

The method follows that of Chen er al (2004). The selected colonies were
subcultured in the nutrient broth for 24 hours at 28°C. Cultivations were conducted in
50 ml of cellulase enzyme production medium in 250 ml conical flasks. Then, they
were continuously shaken at room temperature (28°C) for 72 hours. The cultured
media were later centrifuged at 8,000 rpm for 20 minutes and the supernatants were
collected for the assay of cellulase activity. The reducing sugar concentrations in the
solution were quantitatively me S methods as described by Ghose
(1987). Firstly, 0.5 ml crude: .5 ml of 2% CMC solution used
as substrate. The sample meubated! in vﬁat 50°C for 60 minutes. The

reaction was stopped wi

5 minutes. The sample Was spco rica ly de ermined for the reducing sugar
content at 540 nm compared i -, ol 08€, star E e reaction without crude
enzyme was used as blafk. On, i' 3 cellulase activit equals one micromole per
minute of glucose converged. Fha'ac yf_‘ ascalculated as

Cellulase activities

3.5.2 Protease activity
| E d 4.
The method b’ that of Bayoudh, er af (2000 {" selected colonies were
‘ | . ow for 24 hours at 28°C. The

separately subcultured i

cultivations were conducted in 50 ml protease production medium for 24 hours. at

28°C. Then th L:wg (ﬁ'ZO minutes and the
supernatants wﬂlﬁﬂd for IJ protease assay usm:trer]zocasein method (Samel
etal, 19 ty. ﬁ Cﬁ‘ minutes in a
mixture ﬁﬁ, ij g)ﬁﬁﬁem‘ﬁej ﬁ(aﬂ Eﬁns buffer pH
7.0. To termmate the reaction, 1.2 ml of 10% trichloroacetic acid (TCA) was added.
All samples were allowed to stand for 15 minutes at room temperature. Then 1.4 ml
of IM NaOH was added and the solution was mixed thoroughly prior to measuring
the absorbance at 440 nm. One unit enzyme activity was defined as the amount of

enzyme required to produce an increase in absorbance equal to 1.0 in 60 minute. The

reaction without crude enzyme was used as blank.
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3.5.3 Lipase activity

The method follows that of Sztajer and Maliszewska (1988). The selected
colonies were separately subcultured in 50 ml nutrient broth and incubated for 24
hours at 28°C. The cultivations were conducted in 50 ml lipase production medium
for 72 hours at 28°C, then the cultures were centrifuged at 8,000 rpm for 20 minutes
and the supernatants were collected for the lipase assay. The 10 ml reaction mixture
consisted of 5 ml olive oil- polyvinyl alcohol (PVA) emulsion (10% (v/v) olive oil in
2% PVA), 4 ml of 0.05 M Tris-HCI buffer (pH 7.0), and 1 ml of culture supernatant.
The mixture was incubated at 30°C 'Wutes with continuous shaking. Enzyme

etone-ethanol mixture (1:1 v/v).

Released acids were titrateg -lm----" U Nm presence of thymolphthalein.

All experiments were ca( :

as the amount that

f lipase activity was defined
id per minute under the

experimental conditio e was used as blank.

The selected col— ies wer , agal at room temperature (28 °C)

for 24 hours. The charz;gters of colonies were observed and the morphology of

bacterial cell “ﬁ ﬂeﬂd’?ﬂ lﬂﬂﬁsﬂﬂ ﬂT)f‘lmﬁs magnification.
ﬁi&”‘m\imm UAIINYAY

The selected colonies were smeared on glass slide and stained with crystal
violet solution (85% dye) then left at room temperature for 1 minute. Then samples
were later stained with iodine solution and destained with ethanol alcohol 95 %, and
stained again with safranin O solution and observed under the light microscope for

gram detection.
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3.6.2.2 Oxidase test
One-half ml of 1% TMPD was dropped on the filter paper and the selected
colonies were streaked to observe the purple color of the colonies along the streaked

line.

3.6.2.3 Catalase test
The selected colonies were separately smeared on a glass slide and 2 drops of

3% H,0, were dropped on the slide. The gas production was detected.

3.6.3 Biochemical test : ’”/

The selected coloni

nt agar and in nutrient broth
for biochemical tests ethods of Beérgey’s Manual of Systematic

the followings:

3.6.3.3 Nifate 2 ’ «\ N
, SIS |
3-6.3.5 V e rOSwj{‘ .

{l " -JJ
3.6.3.6 Gelatinase té:

3.6.3.7 Glucose assimilat
55

|!
J

A annitol ntihzaticn o

3.63.10 K amnose utilization

ﬁ’uzﬁmmw Jalip
6 3.13 Arginine decfbox
RaHEEEM e

3.6.3.15 Sucrose utilization
3.6.3.16 Egg yolk

3.6.3.17 Ornithine Decarboxylase
3.6.3.18 TSI/H,S

3.6.3.19 Acetate

3.6.3.20 Fructose utilization
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3.7 Antagonistic test of selected bacteria
Selected of bacteria were streaked across each other on nutrient agar plate.
Bacterial antagonism was detected from the colonies of bacteria that inhibited growth

of the others.

3.8 Solid waste composting with selected bacteria
3.8.1 Substrate preparation

Vegetables, pork and used oil (palm oil for cooking) were mixed in the ratio of

|
1:1:1 w/w, representing cellulo rotei id sources, namely synthetic waste.
The kitchen wastes were used as he 0 . Substrates were cut into small

3.8.2 Bacterial
Twelve isolates ' ¢ ‘selecte or biofertilizer production
containing 4 isolates cing bacteria, 4 isolates of protease producing

bacteria and 4 isolates o ueing bacteria. The selected bacteria were grown

inoculated to each potgntaim p ates (lml w/w of vegetables, pork

and used oil). The experiment consisted of 6 pots (treatments);

8912193 W11 S

Pot 2: hofie food waste mocul‘ated with mlxed culture of bactena

RRTIN TR TINY Tev ey e

Pot 4: Synthetic waste inoculated with mixed cultured of bacteria;

Pot 5: Autoclaved synthetic waste;

Pot 6: Autoclaved synthetic waste inoculated with mixed cultured of bacteria.
All treatments were conducted in the closed pot system and were located at

the green house.



20

3.8.4 Termination of composting
The composts were left stand for 30 days. During that time, they were stirred
every 2 days for 1 week and every 5 days after 1 week. The temperature and pH in the
biofertilizer pots were measured every 3 and 5 days, respectively. After 30 days of
composting, moisture content, C:N ratio and nutritional values (nitrogen, phosphorus

and potassium) were measured (Thammakhate, 1997 cited in Moungkaew, 2001).

3.9 Test of the biofertilizer efficiency

3.9.1 Soil and plant prepara n !
Soils were autoclaved,at 121°C nd/square inch for 20 minutes.

Testing plant was Chinesesspinach (S de-a-ﬂl Amaranthus viridis L). One-

week seedlings were tra \ diameter pots with 500 g soil.

3.9.2 Testing of

The experiment design (RBD) with 8 replicates.

:500 (recommended by Land
Development Department hitidre 4 1d \ 1l of diluted liquid biofertilizer

were provided to the plan ,"' orning. after 1 week of transplanting. The

c:'

‘luted liquid blofertlllzer pot 4

fliged ?‘T‘Em’i wEana
amﬂ{ﬁﬁmum LAt

were harvested and fresh weight was measured. The data analysis was analyzed by

ANOVA using program SPSS version 10.0.
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