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Table 3  Effect of temperature on growth of the three fungal strains on PDA plates incubated for 5 days

Temperature (°C) / Days
Strains Room temperature 45 55 65
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 3 5

Humicola insolens - - + + + - + | ++ ++ |+ - + |+ | ++ ++ - -
Thermomyces lanuginosus - - + + + - - + ++ ++ - - + | ++ +++ - -
Rhizopus sp. ST29 - - + + + - - ++ | | - - + | ++ ++ - -
Remarks +++ = very good growth (> 4 cm)

++ = medium growth (2-4 cm)

+ = little growth (0.5-2 cm)

no growth
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Table 4 Characteristics of decanter effluent from Trang Palm Oil Co., Ltd in comparison to

other palm oil mills

Parameter This study 1 2 3 4
Color Brown Brown Brown - Brown
pH 4.50 4.61 4.50 4.50 4.50
BOD (g/1) 71.95 26.45 17.75 56.4 55
Total COD (g/1) 143.9 52.9 35.5 112.8 110
Soluble COD(g/1) 50.84 - - - -
Total solids (g/1) 71.5 36.4 53 44.6 71.9
Suspended Solids (g/1) 34.2 11.6 33.1 20.5 43.23
Oil & grease (g/1) 10.0 4.7 24.9 25.5 25.6
Total nitrogen (g/1) 1.2 0.52 0.9 - -
Total phosphorus (g/1) 0.5 - 0.25 - -

Unit in g/l except pH and color
1 : Prasertsan et al., (1990)
2 151 yalAs (2539)
3 0 Ta; dunanle (2541)

4 UNWINYIGNT (2544)
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Table 5 Effect of organic matter (COD) concentration in the decanter effluent on growth of the

three fungal strains after 5 days incubation on a shaker (200 rpm) at their optimum

temperatures.
l: 01 1:2
Biomass COD Biomass COD Biomass COD
Fungal
(g/) removal (g/h) removal (g/) removal

(%) (%) (%)

H. insolens 3.95 5.88 4.06 20.03 3.02 0.004
T. lanuginosus 5.90 20.59 7.96 40.02 7.35 30.05
Rhizopus sp. ST29 6.44 35.30 16.89 60.00 7.51 40.00
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Fig.3 Comparison on treatment of decanter effluent (1:1 dilution) by three fungal strains

by cultivation on a shaker (200 rpm) at their optimum temperatures for 5 days.
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Fig. 4 Comparison on production of enzymes in decanter effluent (1 : 1 dilution) by three

fungal strains cultivated on a shaker (200 rpm) at their optimum temperatures for 5 days.
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Table 6  Color and separation of suspended solids and color of 1:1 diluted decanter effluent
after Treatment by three fungal strains by cultivation on a shaker (200 rpm) at
their optimum temperatures for 5 day
Days Control Rhizopus sp.ST29 H. insolens T. lanuginosus
Appearance Appearance Appearance Appearance
0 - cloudy, brown color cloudy, brown color cloudy, brown color cloudy, brown color

Top layer (T):bulking
suspended solids (ss)

(10 ml.)

Middle layer (M) :clearer
(20 ml.)

Bottom layer

(B) :sediment (10 ml.)

Top layer (T):bulking
suspended solids (ss)

(10 ml.)

Middle layer (M) :clearer
(20 ml.)

Bottom layer

(B) :sediment (10 ml.)

Top layer (T):bulking
suspended solids (ss)

(10 ml.)

Middle layer (M) :clearer
(20 ml.)

Bottom layer

(B) :sediment (10 ml.)

Top layer (T):bulking
suspended solids (ss)

(10 ml.)

Middle layer (M) :clearer
(20 ml.)

Bottom layer

(B) :sediment (10 ml.)

Separation appearance into 3 parts as above but were different

Cloudy, brown color
(T) : (10 ml)
(M) : (20 ml)
(B): (10ml)

Cloudy, brown color
(T) : (10 ml)
(M) : (20 ml.)
(B): (10 ml.)

Cloudy, brown color
(T) : (10 mL)
(M) : (20 ml)
(B): (10 ml)

Clearer, brown color
(T) : (5ml)

M) : (28 ml.)

(B) : (7 ml)

Clearer, brown color
(T) : G ml)

(M) : (32ml)

(B) : (5 ml.)

Clearer, brown color
(T) : (1 mL)

M) : (36 ml.)

(B) : (3ml)

Cloudy, brown color
(T) : (10 ml)
(M) : (20 ml)
(B): (10ml)

Cloudy, brown color
(T) : (10 ml.)
(M) : (20 ml)
(B): (10 ml)

Cloudy, brown color
(T) : (20 ml.)
M) : (20 ml.)

Cloudy, brown color
(T) : (10 ml.)
M) : (20 ml.)
(B) : (10 mL)

Cloudy, brown color
(T) : (10 ml.)
(M) : (20 ml)
(B): (10 ml.)

Cloudy, brown color
(T) : (10 ml.)
M) : (20 ml.)
(B) : (10 mL)
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Table 6 (Conntinue)
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(T) : (10 ml.)
M) : (20 ml.)
(B): (10 ml.)

(T) : (3ml)
M) : (37 ml.)

(T) : (10 mlL.)
M) : (25 ml.)
(B):(15ml.)

Days Control Rhizopus sp.ST29 H. insolens T. lanugiuosus
Appearance Appearance Appearance Appearance
4 Cloudy, brown color Clearer, brown color Cloudy, brown color Cloudy, brown color
(T) : (10 ml.) M) : (39 ml.) (T) : 20 ml.) (T) : (20 ml.)
M) : (20 ml.) (B):(1ml) M) : (20 ml.) M) : (20 ml.)
(B): (10ml.)
5 Cloudy, brown color Clearer, brown color Cloudy, brown color Cloudy, brown color

(T) : (20 ml.)
M) : (20 ml.)

a o [ Aq ¥
HNIYLYA - ﬂill"l@]ﬁ"l]i’]ﬂ@]fli’]ﬂ"lﬂﬂgl% 40 ya.
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Table 7 Characteristics of decanter effluent (1:1 dilution) before and
after treatment by Rhizopus sp. ST29 for 4 days incubation
on a shaker (200 rpm) at 45 °C

Parameter Before After Removal
treatment treatment (%)
Color Brown Dark-brown -
pH 4.5 5.4 -
Soluble COD (g/1) 26.88 7.39 72.50
Total solids (g/1) 62.79 29.53 52.97
Oil & grease (g/1) 1.2 0.01 98.66
Total nitrogen (g/1) 0.13 0.05 61.54
Total phosphorus (g/1) 0.02 0.01 50.00

Unit in g/l except pH and color
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Effect of nitrogen sources (0.1%) on growth and polymer production from
Rhizopus sp. ST29 cultivated in decanter effluent (1:1 dilution) after 4 days
incubation on a shaker (200 rpm) at 45 °C
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Fig. 10 Effect of initial pH on growth and polymer production from Rhizopus sp.
ST29 cultivation in decanter effluent (1:1 dilution) after 4 days incubation
on a shaker (200 rpm) at 45 °C
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Fig. 11 Effect of aeration rate in air lift fermentor on pH, growth and solids (total solids and

suspended solids) during treatment of decanter effluent (1:1 dilution) by Rhizopus sp.

ST29 after 5 days incubation on a air lift reactor at 45 °C.
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Table 8 Effect of aeration rate in air lift fermenttor on characteristic on the separation of

suspended solids and color of 1:1 dilution decanter effluent from treatment by

Rhizopus sp. ST29 after 5 days at 45 °C.

Days 3.0 vvm 1.5 vvm 0.5 vvm 0.025 vvm
Characteristic Characteristic Characteristic Characteristic

0 cloudy, brown color cloudy, brown color cloudy, brown color cloudy, brown color
Top layer (T):bulking Top layer (T):bulking Top layer (T):bulking Top layer (T):bulking
suspended solids (ss) suspended solids (ss) suspended solids (ss) suspended solids (ss)
(10 ml.) (10 ml.) (10 ml.) (10 ml.)
Middle layer (M) :clearer Middle layer (M) :clearer Middle layer (M) :clearer Middle layer (M) :clearer
(20 ml.) (20 ml.) (20 ml.) (20 ml.)
Bottom layer Bottom layer Bottom layer Bottom layer
(B) :sediment (10 ml.) (B) :sediment (10 ml.) (B) :sediment (10 ml.) (B) :sediment (10 ml.)

Separation appearance into 3 parts as above but were different

1 Clearer, brown color Cloudt, brown color Cloudy, brown color Cloudy, brown color
(T) : (5ml) (T) : 24 ml.) (T) : (24 ml.) (T) : (6ml)
M) : (16 ml.) M) : (15ml.) M) : (25 ml.) M) : (15 ml.)
(B): (19 ml.) B): (1 ml) (B): (1 ml) B):(19ml)

2 Clearer, brown color Cloudy, brown color Cloudy, brown color Cloudy, brown color
(T) : (6ml.) (T) : (22 ml.) (T) : (22 ml.) (T) : (23 ml.)
M) : (24 ml.) M) : (13 ml.) M) : (11 ml) M) : (10 ml.)
(B): (10 ml.) (B):(5ml) (B): (17 ml) B):(7ml)

3 Clearer, brown color Cloudy, brown color Cloudy, brown color Cloudy, brown color

(T) : (5ml)
M) : (34 ml.)
(B): (1 ml)

(T) : 20 ml.)
M) : (13 ml)
(B): (7ml.)

(T) : 20 ml.)
M) : (20 ml.)

(T) : (15 ml.)
M) : (10 ml.)
(B):(15ml.)
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Table 8 (Conntinue)
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M) : (38 ml.)
(B): (2ml)

(T) : (5ml)
M) : (16 ml.)
B):(19ml)

(T) : (10 ml.)
M) : (25 ml)
(B):(15ml.)

Days 3.0 vvm 1.5 vvm 0.5 vvm 0.025 vvm
Characteristic Characteristic Characteristic Characteristic
4 Clearer, brown color Cloudt, brown color Cloudy, brown color Cloudy, brown color
(T) : (2ml) (T) : (6ml) (T) : (20 ml.) (T) : (6ml)
M) : (35ml) M) : (15 ml.) M) : (20 ml.) M) : (25 ml.)
(B): (3ml) B):(19ml) B):(19ml) B):(4ml)
5 Clearer, brown color Cloudy brown color Cloudy, brown color Cloudy, brown color

(T) : (20 ml.)
M) : (20 ml.)

a % v Aq ¥
HNIYLYA - ﬂ'ill"l@]ﬁ"l]i’]\?@]fli’]ﬂ"lﬂﬂal% 40 ya.
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Fig. 12 Effect of aeration rate in air lift fermenttor on production of enzyme during treatment of

decanter effluent (1:1 dilution) by Rhizopus sp. ST29 after 5 days incubation on a air

lift reactor at 45 °C.
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Fig. 13 Effect of agitation in continuous stirred-tank reactor (CSTR) fermentor on pH, growth
and solids (total solids and suspended solids) during cultivation of Rhizopus sp. ST29 in
decanter effluent (1:1 dilution) with the addition of fertilizer 0.025% (46-0-0) after 5

days incubation on a CSTR reactor at 45 °C.
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Table 9  Effect in continuous stirred-tank reactor (CSTR) fermentor (agitation only) on
characteristic on the separation of suspended solids and color of 1:1 dilution decanter

effluent from treatment by Rhizopus sp. ST29 after 5 days at 45 °C.

Countinuous stirred-tank reactor (CSTR)

Days Control
fermentor (agitation only)
Appearance Appearance
cloudy, brown color - cloudy, brown color
Top layer (T):bulking suspended solids (ss) - Top layer (T):bulking suspended solids (ss)
(10ml) (10 ml)
Middle layer (M) :clearer - Middle layer (M) :clearer
(20 ml.) (20 ml.)
Bottom layer (B) :sediment (10 ml.) - Bottom layer (B) :sediment (10 ml.)

Separation appearance into 3 parts as above but were different

Cloudy, brown color - Cloudy - brown color
(M : (10 mL) T) : (10 ml)
(M) : 20 mL) (M) : (20 mL)
(B): (10 ml) (B): (10 mL)

Cloudy, brown color Clearer - brown color

(T) : (10 ml.)

T) : (10 ml.)
(M) : 20 ml.) (M) : (22 ml)
(B) : (10 ml.) (B) : (8 ml.)

Cloudy, brown color Clearer - brown color

(T) : (10 ml.) T) : (1 ml)

(M) : (20 ml.) (M) : (19 ml.)

(B) : (10 ml) (B): (20 mL)
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Table 9 (Conntinue)

Days

Control

Countinuous stirred-tank reactor (CSTR)

fermentor (agitation only)

Appearance

Appearance

Cloudy, brown color
(T) : (10 ml.)
M) : (20 ml.)
(B) : (10 ml.)

Cloudy, brown color
(T) : (10 ml.)

(M) : (20 ml.)

(B): (10 mlL)

Clearer - brown color
T) : (3 ml)

M) : (21 ml.)

(B): (8 ml.)

Clearer - brown color
T) :(5ml)

M) : (25 ml.)

(B) : (5 ml.)

a @ ] A 9
HNIYLYA - Usunsvesaledranls 40 va.
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Fig. 14 Effect of agitation in continuous stirred-tank reactor (CSTR) fermentor on production
of enzyme during cultivation of Rhizopus sp. ST29 in decanter effluent (1:1 dilution)
with the addition of fertilizer 0.025% (46-0-0) in a CSTR reactor after 5 days

incubation at 45 °C.
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Fig. 15 Effect of aeration by using a shaker on pH, growth and solids (total solids and suspended
solids) during cultivation of Rhizopus sp. ST29 in decanter effluent (1:1 dilution) with

the addition of fertilizer 0.025% (46-0-0) after 5 days incubation at 45 °C
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Table 10  Effect in shaker fermentor of aeration on characteristic on the separation of
suspended solids and color of 1:1 dilution decanter effluent from treatment by
. o
Rhizopus sp. ST29 after 5 days on a shaker (1000ml) at45 C.
Shaker fermentor of aeration
Days Control
Appearance Appearance
0 cloudy, brown color cloudy, brown color
Top layer (T):bulking suspended solids (ss) Top layer (T):bulking suspended solids (ss)
(10 ml.) (10 ml.)
Middle layer (M) :clearer Middle layer (M) :clearer
(20 ml.) (20 ml.)
Bottom layer (B) :sediment (10 ml.) Bottom layer (B) :sediment (10 ml.)
Separation appearance into 3 parts as above but were different
1 Cloudy, brown color - Cloudy - brown color
(T) : (10 ml.) - T) : (5ml)
M) : (20 ml.) - M) : (28 ml.)
B): (10 ml.) - B): (7ml)
2 Cloudy, brown color - Clearer - brown color
(T) : (10 ml.) - T) : (3ml)
M) : (20 ml.) - M) : (32 ml.)
(B): (10 ml.) - B):(5ml)
3 Cloudy, brown color - Clearer - brown color

(T) : (10 ml.)
M) : (20 ml.)
(B): (10 ml.)

- T) : (1 ml)
- M) : (36 ml.)
- (B):(3ml)
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Table 10 (Conntinue)

Days

Control

Shaker fermentor of aeration

Appearance

Appearance

Cloudy, brown color
(T) : (10 mlL.)
M) : (20 ml.)
(B) : (10 mL)

Cloudy, brown color
(T) : (10 ml.)
M) : (20 ml.)
(B): (10 ml)

Clearer - brown color
T) : 3ml)
M) : (37 ml.)

Clearer - brown color
T) : (5ml)
M) : (35 ml.)

a [ [l ~ 9
LEVALS (19 Usunsvesaleganls 40 va.
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Fig. 16  Effect of aeration by using a shaker on production of enzyme during cultivation of

Rhizopus sp. ST29 in decanter effluent (1:1 dilution) with the addition of fertilizer

0.025% (46-0-0) after 5 days incubation at 45 °C.
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Table 11  Comparition on treatment of decanter effect sterilized and non- sterilized before

cultivation Rhizopus sp. ST29 (1:1 dilution, 22.4 g/l soluble COD) at 45 °C under

aseptic and septic conditions after 4 days.

Rhizopus sp. ST29 pH

Soluble COD Total solid Oil & grease

(g (g (g

Control (under septic conditions)

before 4.5 22.40 25.20 1.7

after 5.34 20.80 22.52 1.4

% removal - 7.11 10.63 17.65
Sterilized decanter (under septic conditions)

before 4.5 22.40 25.90 1.4

after 5.36 17.60 7.82 0.7

% removal - 21.40 69.81 50
Non-sterilized decanter (under septic conditions)

before 4.5 22.40 19.16 2.1

after 5.5 11.46 4.46 0.5

% removal - 36.70 77.24 76.19
Control (under aseptic conditions)

before 45 24.81 25.90 1.25

after 4.5 24.81 25.90 1.25

% removal - - - -
Sterilized decanter (under aseptic conditions)

before 4.5 26.00 26.42 1.2

after 5.45 1.14 6.3 0.01

% removal - 80 75.93 98.66
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Fig. 17 Comparison on treatment of sterilized and non- sterilized decanter eftfluent by
cultivation of Rhizopus sp. ST29 (1:1 dilution, 22.4 g/l soluble COD) at 45 °C

after 4 days cultivation.
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Table 12 Treatment of non- sterilized decanter for cultivation of RAizopus sp. ST29
in free and immobilized mycelium with commercial supporter biostage,
polyurethane sponge and non immobilized (1:1 dilution, 22.4-24 g/1 soluble
COD) at 45 °C after 4 days.
Treatment pH Soluble COD Total solid Oil & grease
removal (%)  removal (%) removal (%)
Control 5.34 20.80 22.52 1.40
Not immobilized 5.50 36.70 35.36 42.11
Immobilized with polyurethane sponge 6.04 53.30 50.45 50.00
Immobilized with biostage 6.23 66.60 77.24 56.25
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Comparition on treatment of decanter effect non-sterilized before cultivation
Rhizopus sp. ST29 immobilized mycelium with commercial supporter biostage,

polyurethane sponge and not immobilized (1:1 dilution, 22.4-24 g/l soluble COD)

at 45 °C after 4 days.
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Table 13 Treatment of non- sterilized decanter effluent for cultivation of Rhizopus sp.
ST29 in free and immobilized mycelium with commercial supporter biostage,

polyurethane sponge and non immobilized (1:1 dilution, 22.4-24 g/ soluble

COD) at 45 °C after 4 days.

Soluble COD Total solid Oil & grease

Treatment Days pH removal (%)  removal (%) removal (%)
Control
Treatment 1 0-4 534 7.11 10.63 17.65
Treatment 2 5-8 4.9 3.5 15.94 11.39
Treatment 3 9-12 5.0 28.57 17.96 16.67

Not immobilized

Treatment 1 0-4 5.5 36.7 35.36 50
Treatment 2 5-8 5.0 14.2 19.93 20
Treatment 3 9-12 5.0 53.33 31.06 31.25

Immobilized with polyurethane sponge

Treatment 1 0-4 6.04 533 50.45 42.11
Treatment 2 5-8 5.1 46.66 23.44 30.10
Treatment 3 9-12 5.2 57 42.44 47.83

Immobilized with biostage

Treatment 1 0-4 6.23 66.6 77.24 56.25
Treatment 2 5-8 5.2 59.16 37.53 45.05
9-12 52 60 75.93 52.38

Treatment 3
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Fig. 19 Comparition on treatment of non-sterilized decanter effluent before cultivation of
Rhizopus sp. ST29 in immobilized with biostage, polyurethane sponge and not

immobilized (1:1 dilution, soluble COD 22.4-24 g/1) at 45 °C after 4 days incubation.



