CHAPTER IV

RESULTS

4.1 Isolation of bacteria

The bacteria used in this research were taken from various sources. First, 27

strains of Bacillus subtilis were provided by N. Maneechote (2001) and 16 isolates of

denitrifying bacteria were given from martivutikoon (2003). Other sources of

ping area, decomposed vegetables,

mp@g Mai, Thailand, and finally,

bacteria obtained from the / \ ‘(g , Chitralada Palace.
All samples we / \ J\ producing three enzymatic

activities namely, cellu

soil around hot spring 2

4.1.1 Isolation of cellula:

The cellulose degradin era et eenéd using the CMC agar plates and
the results were depicted in atios of the clear zones around the

colonies were tabulated in ts, the colonies of the bacteria

with the maximum ‘glgai e Royal Project compost
including: P1, P2, P3, -“ . A
!

enzyme act1v1ty measu ment
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ates were selected for further
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Figure 4.1 Thé, Jlé"ar’ Zones pr dﬁéed around ‘1hé"'selLCtJd bacterial colonies
growmg on CMC aggr stained thb, conio rcd A) s:nal dllutlon of sﬁmple spread
on CMC hgar plxtc‘ B)c14 strding® Llf subtilis; (LJ J bacterial’ .1sblates from

decomposed vegetable; E- F) bacterial isolates from The Royal Project compost.

From Figure 4.1, when 27 isolates of Bacillus subtilis (N1-N27), 7 isolates of
bacteria from decomposed vegetables (A1-A4, B1-B3) and 5 isolates of bacteria from
The Royal Project compost were screened for cellulase production, 5 isolates of

highest clear zone producing strains, P1, P2, P3, Y1, Y2, were selected for cellulase

activities.
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4.1.2 Isolation of protease producing bacteria

Figure 4.3 showed the clear zones around the colonies of the bacteria growing
on skim milk agar plates. The results revealed that, 4 isolates of Bacillus subtilis,
namely N3, N4, N8 and N19, were found to produce the clear zones. When the
samples taken from decomposed ve:getables and the soil around the food waste
dumping area were screened, 10 isolates, called A1, A2, A3, A4, B1, B2, B3, G1, G2

and G3, were found with the clear zones. Moreover, the protease producing bacteria

e results revealed that there were 7

isolates (D1- D7) that gave the cle ne ' colonies (Figure 4.4).

1l
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Figure 4.3 Thetlear jzones ardundithieiselectedibagterial €olefties on skim milk agar
plates: A) serial dilution of sample from decomposed vegetable; B) B. subtilis isolates;
C-D) bacteria, from..decomposed..yegetables; .E) bacteria from hot.spring area; F)

bacteria ffom food Wasté dumping’afeal
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From the results, the bacteria from decomposed vegetables (A4 and B2) and
bacteria from soil around hot spring area, Sankampang, Chiang Mai, Thailand (D2
and D5) provided the widest clear zones, 2.22, 2.30, 2.33 and 2.43 respectively.

Therefore, these 4 isolates were selected for the further protease assay.

4.1.3 Isolation of lipase producing bacteria

Figure 4.5 showed the bacteria that could fluoresce. From the results, 2

from the soil around food wast ‘ nping a £ esfound to fluoresce (Table 4.1) and
the qualitative fluorescence-ebiaie through the observations .These

bacteria were selected for

AU INENTNEINS
AN TUNNINGAY
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Table 4.1 The fluoresced colonies of bacteria isolated from various sources: bacteria

from Maneechote, 2001, soil around the food waste dumping area and denitrifying

bacteria (Smartivutikoon, 2003).

Isolate(s) Sources of | Fluorescent feolaets) Sources of | Fluorescent
bacteria colonies* bacteria colonies*
NI i -
N2 - 12 :
N3 13 -
N4 J4 =
NS =
N6 =
N Denitrifying -
N8 bacteria, =
N9 ~Smartivutikoon =
ey " (2003) s
NIl . -
NI12 5
::3 Maneechg :
NI1S .
Nl16 ] -
NI17 AN .
N18 A2 | Decomposed =
NI19 \ vegetables | =
N20 =
e Decomposed -
s ctables 2 =
N23 ') 5
N24 ="80 ;1 around ++
N25 dod waste T
N26 mping area
N27 +E

o, Haum ﬂ;&ﬂi WEL) 2)id ion on Risotamioe B

agar plates

ammmm UA1INYAY
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Figure 4.5 The ﬂuorescence proﬁuctlon on Rh6&am1ne B fagar plates from bacteria:

A) serial dilution of s‘ﬁ&p*rfronrsoﬂmund*fovo‘waste”dur}pmg area; B) B. subtilis
N26; C) bacteria from fOBd waste dumping; D) demtnfymg bacteria (J10).



4.2 Assay of enzyme activities

4.2.1 Cellulase activity

When 5 isolates with the highest ratio of clear zones (P1, P2, P3, Y1 and Y2)

were measured for cellulase activities, the results were shown in Table 4.2.

Table 4.2 Cellulase activities of selected bacteria.

aains < 2
From the result "'—"}-:‘:’zgi

CMCase activity. P

production.

.Il
|
W

Plotéin

for, subsequent biofertilizer

X

it

ik . ‘ Specific activity
sorates e — (U/mg protein)
| A 1\\ NN
Y./ e e N\ N
" PN =
7 U Y <
Y2 g ﬁ' "},: \ 78.88

bacteria that produced the highest
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4.2.2 Protease activity

Eighteen isolates of bacteria which produced clear zones on skim milk agar
were selected for the protease activity measurement. The results were shown in Table

4.3.

Table 4.3 Protease activities of bacteria

v\l ' _ Protein
Pro : Specific activity
Isolates Jentration
w(UA ml) N (U/mg protein)
Al , - 11.10
A2 4 \ ‘ - 9.73
A3 ; ' — \ : ' 14.76
A4 4 e 25.29
Bl = X 13.88
B2 2 O . 21.49
B3 .80 A : 8.99
N3 - ‘ 1.52
N4 . - ; 35S
N8 1 Aoas V. 2.10
N19 i e 26 1.56
D1 T 0.30 737
D2 ' g 1 17.90
D3 8.60
D4 8.58
D5 36.32
D6 . 0.2 11.54
D7 0.26 252

ﬂ‘lJEJ‘JVlEW]ﬁWEI’]ﬂ‘E

From the results, 4 isolates of bacteria (Ady, B2, D2 and BS) which provided

oeitog Wk G, 3R bl Bt
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4.2.3 Lipase activity

Six isolates of fluorescence producing bacteria were selected for the lipase

assay. The results were shown in Table 4.4

Table 4.4 Lipase activities of selected bacteria

Isolate Lipase activits ! - Protein Specific activity
u\“_\ “\ e ntration (U/mg protein)
2 ﬁl)
Gl Jﬁ’ ' x\"’"’"il 0.23
G2 238/ \\\‘N“s 0.21
G3 RN 0.12
N6 A0 681 0.04
N26 LY — = N\ 0.22
110 &£ NE VAN 0.15
a‘ y
From the results, 4 is ’ﬁ -: 2,"N26 and J10 were later used for

biofertilizer production.

4.3 Identification of b ' J
Y S X )

4.3.1 Gram’s stm m

When 12 isolates of bacteria (P1, P2aY1, Y2, A4, B2, D2, DS, G1, G2, N26

and 10) were ik, e} bk D o] of bcteria wre gram

positive and rod gllape, 1 isolate (J1Q) was gram neg ative bac1111 the other (Y2)

i LR ALK N e ‘ﬂ’%ﬂma‘ RS

growing ofl nutrient agar plates were also observed (Table 4.5).
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Figure 4.6 Morphology of the colonies and gram’s stain of selected cellulase-
producing bacteria growing on nutrient agar plates at room temperature (28°C) for 1

day: The right row illustrates the 500 times magnification of the colonies.
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Figure 4.7 Morphology of the colonies and gram’s stain of selected protease-
producing bacteria growing on nutrient agar plates at room temperature (28°C) for 1

day: The right row illustrates the 500 times magnification of the colonies.
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Figure 4.8 Morphology of the colonies and gram’s stain of selected lipase-producing
bacteria growing on nutrient agar plates at room temperature (28°C) for 1 day: The

right row illustrates the 500 times magnification of the colonies.
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4.3.2 Oxidase test

When the selected colonies were streaked on the filter paper soaked with 1%
TMPD to observe the purple color of the colonies along the streaked line, 12 isolates

gave positive results shown in Table 4.5.

4.3.3 Catalase test

The O, production from the\bac fi: 3% hydrogen peroxide was shown in

Table 4.5.
4.3.4 Biochemic4

The results of & eria were shown in Table

4.6 and 4.7.

7
:
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Table 4.5 Morphology of the colonies, Gram’s stain, Oxidase test, Catalase test and

name of the selected bacteria.
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Morphology of the
Bacterial colonies on Cell Oxidase Catalase
Name of bacteria Gram’s stain
isolates nutrient agar shape test* test**
plates
Light yellow,
Pl Bacillus cereus Positive Rod ar +
smooth margin
P2 Bacillus cereus / Positive Rod + +
Yl Bacillus subtilis - Rod + -
Y2 Serratia marce. Rod + =
A4 Bacillus coagula Rod + +
B2 Bacillus coagula Rod + +
D2 Bacillus coagulans Rod + +
D6 Bacillus coagulans Rod + +
Gl Bacillus ces ol Rod 4+ ++
Light yellow,
G2 Bacillus cereus Rod + Tt
smooth margllJ
N26 Bac q Rod o+ &
smooth margin
= T y - — F —
no | PR N A N R b)) - | -
’ rugi S h
q

* + refer to positive result of oxidase test,

** + ++ refer to quantity of gas production from catalase test.
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Table 4.6 Biochemical test of six isolates of the selected bacteria.

Biochemical :
Pl P2 Y Y2 Ad B2
test
TSI/H,S K/A/- K/A/- K/A/- K/A/- K/A/- K/N/-
Indole/motile nt* nt nt -1+ nt nt
Simmon’s
: o = + nt - 4
citrate
Urease + + = = + +

Nitrate/N2 gas +/- +/- ' - nt +/- +/-

Esculin + , D ; . + + +

VP A + = =
Gelatinase + + +

M s — -
Glucose + v . + + +
Maltose nt A" N L nt nt
Lactose nt :ﬁ\ 17 = nt nt
Mannitol - | s + + +
D-Xylose = { i % - +
Rhamnose - ; S ed e R - =
o ke
Sucrose nt nt ‘Mﬂ L { + nt nt
Adonitol nt @-‘a 5 ' ] 3 nt nt
- ——

L-Arabinose - A = +w -
Salicin - 8 - -
Lysine ‘

nt nt nt
decarboxylase @
Arginine
dihydrolase
Ornithine
nt nt
decarboxylase
Egg yolk == r—
0 t - -
ki JASAI91981N el
11 oo Bacillds © ti cillus Bacillus
acillus cereus | Bacillus cereus
subtilis marcescens coagulans | coagulans

* nt = no testing.
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Table 4.7 Biochemical test of six isolates of the selected bacteria.

Biochemical
D2 D5 Gl G2 N26 J10
test
TSI/H,S K/A/- K/A/- K/A/- K/A/- K/A/- K/N/-
Indole/motile nt* nt nt nt nt -+
Simmon’s
. - + + + + +
Citrate
Urease + + + + + +
Nitrate/N2 gas A /- ‘ i 2 +/- +/- +/+
Esculin + - ' . + + -
Acetate nt ' t nt nt +
VP - N+ : +
Gelatinase + : + + -
Glucose + . v DU NN % +
Maltose nt 4\ G nt nt -
Lactose nt 1 | W : ' nt -
Mannitol & F & A ‘ - %
D-Xylose # ; O AT = . *
= 4 3 |
Rhamnose Fiiret +w
Sucrose nt 1 s, 18 nt nt E
Adonitol nt nt s 20 nt nt -
L-Arabinose - 1 -
Fructose nt =2 ‘ nt +
Salicin - ! m +m +w
Lysine ~
nt nt nt nt nt -
decarboxylase ‘a a ‘
Arginine ?I I 1 EI ; P
g . 5 : | = &
dihydrolase L1
— g - —
5 TIREIaE
At 1 t = .
decarboxylase Q W’] 6‘ q ﬂ i l'] M ’g '
Egg yolk & - - + - + nt
Bacillus Bacillus Bacillus Pseudomonas
Result Bacillus cereus | Bacillus cereus )
coagulans coagulans cereus aeruginosa

* nt = no testing.
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From Table 4.5, 4.6 and 4.7, the isolates from the compost from The Royal
Project were Bacillus cereus, Bacillus subtilis and Serratia marcescens. The isolates
from decomposed vegetables and soil from hot spring area were Bacillus coagulans.
The isolate from soil around food waste dumping area was Bacillus cereus and the
denitrifying bacterium provided by K. Smartivutikoon was Pseudomonas aeruginosa.
Interestingly, the bacterial isolate N26, previously identified as Bacillus subtilis

(Maneechote, 2001) was re-identified as Bacillus cereus in this study.

|
4.4 Antagonistic test of the selected%ﬂgria
The selected bactesia. Wwere crﬂss-sf;cﬂ{c‘c‘i—»across each other to test for

antagonistic effect on groﬁih&m thie nuirient aganplates. All bacterial isolates could

grow together on the SM

cl t:;d,'biacte 1a could be used, for biofertilizer production

| 4 W
¥

in the same pot. =

€448, shawn in Figure.4.9. Since antagonistic effect

could not be detected, a

Figure 4.9 Antagonistic test of the selected bacteria: A and B) 10 isolates of bacteria
grown together on nutrient agar plate; C and D) S isolates of bacteria grown together

on nutrient agar plate.
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4.5 Biofertilizer production

4.5.1 Temperature and pH of the biofertilizer

Six pots of liquid biofertilizer were left stand for 30 days and the results were

depicted in Figure 4.10.

temh‘zer 'i’qt 1) home food waste; Pot 2) home food

.-'.'-;a ’
actema., Pota"3) synthetlé waste, Pot 4) synthetic waste

inoculated with mixed bacte 1a“P0t S) autb&iv.bd synthetic waste; Pot 6) autoclaved

synthetic waste inoculated with. mLxed bacteria

The temperatun@kvas measured every 3 days and the pH was measured every 5
days of composting. Thedmeisture content im.each pot was measured at the beginning
and the end of ¢omposting. Thelrésults Were.shown'in Figtire 4411, 4.12 and Table 4.8,

respectively.
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31 44— - ——— S Pt gy s - s e < ~ et L —

Temperature (celcious)

30 +— -~
29 1— s}
——Pot 1
28 == ~{ |—@—Pot 2
Pot 3
~é=Pot 4
2T+ - - |=¥=Pot5
—&—Pot 6
26 4

25 1-==

2 |

23

Figure 4.11 Temperature vas measured every 3 days of

composting: Pot 1) home food w dme food waste inoculated with mixed
bacteria; Pot 3) synthetic .. Pot4) synt inogulated with mixed bacteria;
Pot 5) autoclaved 4,; lf"f ic waste inoculated with

mixed bacteria. E il

From theq’ths 1nggure ﬂ ngeﬂefgjtur:] Ilth?blofertlhzer pots was
increase w aqﬁm Lﬁpf pjmseﬁnﬁ ased to room
temperature ?l ere m
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10.00
9.00 ——— — — - — - - e e e —
8.00 — — - -
7.00 - -
6.00 - ] |[—#—Pot1
—&—Pot 2
5.00 1 Pot 3
—»—Pot 4
—¥—Pot 5
—8—Pot 6

4.00 |

3.00 +

2.00 ¢

1.00 +

0.00

A 2
Figure 4.12 The pH of the bioferti ,_.: ' pot was measured every 5 days of
composting: Pot 1) home fe | d waste inoculated with mixed

bacteria; Pot 3) synt ' IC W2 _If*.q ated with mixed bacteria;

tig waste.-

Pot 5) autoclaved synt l c we d"synthetic waste inoculated with
v A

'l
mixed bacteria.

AULINENINYINS
B KT 101 i )01 e

the end of composting.
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4.5.2 Moisture content and nutritional values

At the beginning and the end of composting, the moisture contents were

measured and the results were shown in Table 4.8.

Table 4.8 Moisture content of the biofertilizer

Moisture content (%)
Day 30
81.73

Pot number

4 /»'//AM\\\
7))/ TN\ N

I‘ﬁ _.\\\\\\ . 82.18

From Table 4.8, it was'sl WIS ofertilizers were relatively damp and
more moisture content was detectéd at ¢ of composting than at the beginning.
Moreover, the waste text re decompo: olid state as shown in Figure

4.10. v

3 GBI AAREMNE NS

When thefibiofertilizer was mfasured for carbon and mtrogen contents, the

TR UNIAINYAY
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Table 4.9 Carbon and nitrogen ratio of the biofertilizer.

C:N ratio Decreasing
Pot number percent of
Day 0 Day 30 C:N ratio
1 19.61 16.80 14.33
19.07 13.08 31.41
19.65 13.08 33.44

18.28
58.68
59.58

From Table 4.9, // for \ \~\ of all 6 pots were in normal

"composting, the C:N ratios
ch as 58.68 and 59.58%,
similar changes, 14.33, 31.41,

| | B W[ N

range value of 20:1.
in pot 5 and 6 weg

respectively, while the

The nutritional values “of b ilizers, nitrogen, phosphorus and
potassium, were measuredafter 30 days o g e results were shown in

Table 4.10. (— Y )

Z
 AUINENTNENNS

Table 4.10 Nutritional v%lues of the biofertiger.

Total Nltrogen Total Phosphorus | Total Potassium

Potnuyber . o %)
q 1 . ; 1.18

2 1.31 1.10 121
3 1.30 1.09 1.23
4 1.40 1213 1:27
5 1.36 1.16 1.20
6 1.42 1.20 123




46
From the results in Table 4.10, it could be concluded that the nutritional values

in the biofertilizer were not significantly different among all groups of fertilizers.
4.6 Efficiency of the liquid biofertilizer

4.6.1 Plant growth

The experiment was designed by randomized block design (RBD) with 8
replicates. The biofertilizers were provided to the plant after one week of
transplantation. The biofertilizers were dlllli/gd /n the ratio of 1:500 (recommended by
Land Development Department). The experixiné{ts-fgnsisted of 7 treatments.

All diluted biofertilizers were p’dured fo the"plant every morning for 150 ml.

Plant heights were meaﬂl‘.;;%\' Y3 days. After 30.days of planting, all plants were
harvested. Plant fresh Mncas ‘ed after harvesting. The data were analyzed
by ANOVA using progr ""Sr,-”ye_rsigﬂj 10.0. The appearance of the plants was
shown in Figure 4.13 #langh svi{ah‘d ﬁ"s"sl}‘_weights were shown in Figure 4.14 and

4.15. o

i
s v

Figure 4:13, Growth-of 30«layold-Chinesejspinmach(Amaranthis viridis L.). Plants were
grown in 6-inch diameter pots Containing 500 grams of soil’and the tested plants were
provided with: A) biofertilizer from home food waste; B) biofertilizer from home
food waste inoculated with mixed bacteria; C) biofertilizer from synthetic waste, D)
biofertilizer from synthetic waste inoculated with mixed bacteria; E) biofertilizer from
autoclaved synthetic waste; F) biofertilizer from autoclaved synthetic waste

inoculated with mixed bacteria; G) water in control group.



Height (cm)
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25
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- B
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t
|

3D
—H—E
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1 |=——c

a
=)
t
|
|

Figure 4.14 Height of Chinese $p: us viridis L.). Plants were grown in

6-inch diameter pots containing 500 gran s of e tested plants were provided

with: A) biofertilize "—“‘E i from home food waste

inoculated with mixed bacte sy@h
)

ofertilizer from autoclaved

etic waste, D biofertilizer

from synthetic waste 1noculated with mixed bactena E

o R
Aok 5 o o A ANELEL, e

waste w1th mixed bacteria was the tallest 21.00 cm. Plants received biofertilizer of
home food waste with mixed bacteria, biofertilizer of autoclaved waste, biofertilizer
of synthetic waste, biofertilizer of home food waste and biofertilizer of synthetic
waste inoculated with mixed bacteria were also higher when compared to the control.

However, there was no significant difference among all treatments.



Fresh weight (g)
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Plant fresh weights were measured after 30 days of planting. All part of the

plants, including shoot and root were harvested, cleaned and measured. The results

were shown in Figure 4.15.

40 {-

w
o

N
o

10 4

(A
Figure 4.15 Plant fresh-

l ) received the biofi

Y received the biofertilizer

from home food waste ; ome food waste inoculated

with mixed bacteria; C;?recelved the blofertlhzer from synthetic waste, D) received
the biofertilizer eria; E) received the
biofertilizer fr ﬁuﬂ Q? ﬂﬂﬂ?ﬂﬂnmﬁe biofertilizer from
Y TSRt VileN iR

Froqm the results, the plants received the diluted liquid biofertilizer of
autoclaved synthetic waste inoculated with the selected bacteria (F) had the highest
fresh weight, 42.33 g. while the rest of the plants treated with other types of liquid
biofertilizer showed lower values, 39.66 (B), 38.78 (E), 37.91 (C), 37.39 (D) and
37.01 (A), respectively. The control plants (with no biofertilizer) showed the lowest
fresh weight (35.50 g). Obviously, the results obtained from the fresh weight were

consistent with the height.
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