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APPENDICES



APPENDIX A
EXPERIMENTAL METHODS

A-| Agar slants preparation

In this study, Potato Dextrose Agar (PDA) was used as medium for stock

cultures. For sterilization, TOMY SS-325 autoclave was used. The preparation steps
of PDA agar slants in details are;

I}

2
3

Mix 7.8 g PDA powder with 200 ml de-ionized (DI) water in 500 ml glass

beaker.

Stir the solution with magnetic stirrer and heat it up until it is boiling.

Boil the solution for L minute or until all powder is dissolved as indicated by

the formation of clear yellowish agar solution.

Transfer 4 ml agar solution into 16 x 150 mm screw cap culture tube by using

10 ml pipette.

Sterilize all agar containing tubes at 121°c for 15 minutes in autoclave. (Set

the tube’s cap to be rather loose hefore autoclaving to facilitate gas expansion

inside the tube during sterilization.)

After sterilization, tighten the tube’s cap and let the tubes to cool down before

positioning them in slanted position to obtain agar slant inside the tubes.

Precautions:

a) PDA agar powder is hygroscopic. Minimize exposure time of the powder
to the ambient air to avoid excess water absorption.

b) Sterilization is carried out at high temperature. Wear heat resistant gloves
as protection when handling hot materials.

¢) When slanting the agar, provide enough space between tube neck and agar
to minimize the risk of contamination from outside the tube.
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A-2 Stock cultures preparation

Stock cultures were prepared by aseptic inoculation ofthe flocculating yeast .

cerevisiae M30 and K. marxianus DMKU 3-1042 on the PDA agar slants. The
procedures are as follows:

1

2

Sterilize all equipments and agar slants with ultraviolet ( V) light with air
flow for about L hour inthe ISSCO VS-124 laminar flow hood.

After the uv lamp is tumed off, clean all apparatus and the hood’s
compartment with alcohol 70% v/v solution to ensure asepticity.

Open the caps of source culture and fresh agar tubes then heat up the tubes’
neck with an alcohol burner.

Heat up the inoculation loop thoroughly until it reds up.

Cool down the loap by contacting with fresh medium,

Transfer the yeast cells from source culture to fresh agar slant. Inoculate the
cells on fresh agar by zigzag movement.

Heat the tube neck again before securing the cap.

Repeat step 4-8 again for other fresh medium until sufficient amounts of stock
cultures is obtained.

Leave the stock cultures to grow at room temperature for 20-24 hours before
Use.

10. Precautions:

a) Be cautious with the uv light as it is harmful for human eyes and skin.
b) Wear protective gloves during inoculation for safety and aseptic reasons.

A-3 Medium preparation

There were 2 varieties of medium used in this study. One was designated for

cell cultivation and other was for ethanol production.

A-3.1 Preculture medium precaration

Palm sugar was designated for cell cultivation. The main component of the

medium in earlier experiments (until fermentation 3) was palm sugar which was used
as carbon and energy source for the yeast. Palm sugar was dissolved to obtain sugar
concentration of about 100 /L for cell cultivation. The resulting sugar solution had a
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brown color originated from the palm sugar. The color intensity increases with
increasing sugar concentration. The amount of palm sugar required to achieve the
target level of sugar was estimated from previous trial with 3,5-dinitrosalicylic acid
(DNS) method (Section A-7).

For 1 liter of sugar solution, nutrients consisted of 0.5 ¢ KHP04, 15 ¢
MgS04.7H20, and 0.5 g (NHI"SCU were added Limtong et al. (2007). The
compositions were referred to the one which were used by ethanol producing
industries. The pH value of the medium was adjusted to 5 with 0.1 M NaOH and HCL
solution. The detailed procedures for medium preparation from palm sugar are listed
in the following paragraph,

1 Mix palm sugar and nutrients. Add palm sugar until the desired sugar
concentration (100 g/L for cell cultivation) is achieved.

2. Adjust the pH of the solution to 5 by adding NaOH or HCL solution.

3. Pour appropriate volume of medium (100 ml and 250 ml for inoculums
development and ethanol fermentation respectively) through a sieve or screen
into 500 ml Erlenmeyer flask.

4, Close each flask with cotton plug and wrap with aluminum foil before
sterilization.

5. Sterilize the mediums with autoclave for 20 min at 121°.

6. Precautions and notes:

a) Avoid wetting the flasks’ neck when pouring the solution as the heated

solution may act as adhesive so that the plug is difficult to be removed after

sterilization.

b) The pH of the solution may be quite altered after sterilization.

c) Some precipitates may be formed after sterilization from the sugar solution.

A-3.2 Fermentation medium preparation

For 1 liter of fermentation medium consisted 05 g KH2O04, 15 ¢
MgS04.7H20, and 0.5 g (NHASCri and 220 g sugar from sugar cane molasses. The
quantity of molasses needed to reach the intended sugar level was also estimated by
DNS trial. Sugar cane molasses was diluted to obtain sugar concentration of about
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220 /1 for ethanol fermentation. The procedures for preparing molasses based
fermentation medium are follows:

L

2

Dilute the molasses with DI water until the desired sugar concentration (220
0/] Is achieved.

Mix the diluted sugar solution with appropriate amount of KHZ04
MgSO04.7H2), (NHA2S04

Adjust the pH of to 5 by adding NaOH or HCL solution.

Fill 500 ml Erlenmeyer flask with 250 ml medium.

Close each flask with cotton plug before sterilization.

Autoclave the medium for 15 minat 121 °c.

Precautions and notes are same with palm sugar based medium preparation.

A-4 Cell cultivation and harvesting

Cell cultivation was initiated with the transfer of cells from stock culture tube

aseptically to Erlenmeyer flask containing fresh medium by using Gilson Pipetman
auto pipette. Thus, sterile pipette tips should be prepared inadvance by autoclaving or
dry heat in hot air oven. Active yeast cells with generation time (age) 20-24 hours
were used for cultivation purpose. After inoculation, cell cultivation was carried out in
Innova 4330 Refrigerated Incubator Shaker for 20-24 hours at 200 rpm. After some
time, the growing yeast cells could be noticed as brown colored suspended solids
insice the sugar solution. The cells were then harvested and concentrated by medium
draining. The complete steps are as follows:

L

2

3.

Sterilize equipments and the laminar flow hood with uv and by wiping with
alcohol 70% viv solution.

Heat up the neck of stock culture tube and medium flask after removing the
tube cap and cotton plug.

Heat up the inoculation loop evenly and then slightly deep it into the fresh
medium in the Erlenmeyer flask to cool it down before touching the yeast
cells.

Scratch the yeast culture onthe  be to detach the cells from the surface of the
agar using the loap.
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5. Transfer the cell at the loop into the Erlenmeyer flask and then close the flask
using cotton plug.
6. Repeat steps 3-5 for the other flasks.
7. Put all flasks in the incubator shaker and then operate the shaker at 200 rpm
33°c for a day before harvesting the cells.
8. Let the cells to settle for a while after incubation and then carefully take out
130 ml of the medium from each flask by using 10 ml of auto pipette.
9. Combine the concentrated cells suspension from several flasks by pouring it
into one flask.
10. Further draining can be done to concentrate cells by the same method until the
desired volume of concentrated cells suspension is obtained.
11 For mix culture, the proportion . cerevisiae/K marxianus was adjusted
volumetric ratio of 1:1
12, Precautions and notes:
a) Except the stock culture and the fresh medium, all equipments should be
cleaned and sterilized using uv light and alcohol to ensure asepticity.
b) Clean the outer surface of the tubes and flasks using alcohol hefore use.
c) Keep the tube neck and flask opening hot by reqular heating after removal
of the cap or plug to prevent contamination originated from ambient air,

A-5 Cell immobilization
Immobilization of cells was investigated using two general methods. The first
was the adsorption of cells onto the surface of thin shell silk cocoon. Thin shell silk
cocoon and palm sugar medium were sterilized with autoclave for 15 minutes at
121°c prior to usage. Preparations of TSSC carrier were listed in the following
paragraph.
1 Mix 10 ml of concentrated cell suspension with 250 ml of palm sugar medium.
2. Add the thin shell silk cocoon in the cell-mixture.
3. Incubated suspension mixture for 20-24 hours.
4. Precautions and notes:
a) All procedures are conducted aseptically in laminar flow hood.
b) All equipments are cleaned and sterilized before use.
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The second was entrapment of cells in Alginate loofa matrix. To the
entrapment of cells in Alginate loofa matrix, Alginate solution was made by
dissolving Na-alginate powder in NaCl 9 ¢/1 solution to obtain clear viscous solution
with concentration of 30 ¢/L Loofa sponge and alginate solution used for entrapment
of cells were sterilized with autoclave for 5 minutes at 121°Cprior to usage. Alginate
solution was mixed first with concentrated cell suspension before gelation. Formation
procedures of alginate-loofa were listed in the following paragraph.

.. Mix concentrated cell suspension with alginate solution with volumetric ratio

of 1:10.

. Add the mixture using a syringe drop wisely into CaCL 14.7 ¢/1 solution to
form alginate beads.
ili. ~ For reinforced gel formation, dip the loofa sponge into alginate solution and
then drop it into the CaCh solution.
iv.  Leave the gel to harden with mild stirring for 15 minutes.
v.  Rinse the gel 3 times with NaCl 9 g/1 solution,
vi. ~ When storing is needed, keep the gels in NaCl 9 g/L solution at 4%,
vil.  Precautions and notes:

L All procedures are conducted aseptically in laminar flow hood.

2. All equipments including the stirrer and syringe are cleaned and sterilized

before use.

A-6 Ethanol fermentation

A-6.1 Batch fermentation

Sugar cane molasses was used as carbon source for the fermentation medium.
The medium contained initial sugar concentration of 220 ¢/1, 0.05% wiv KHZ204
0.15% wiv MgS04.7H20, 0.05% wiv (NFL)?S04 and the initial pH was adjusted at
5.0. The volume of medium was adjusted to 250 ml in 500 ml Erlenmeyer flask in
order to promote anaerobic condition which was favorable ethanol fermentation by
yeast. Batch fermentation in shake flasks was performed in Innova 4330 Refrigerated
Incubator Shaker (New Brunswick Scientific, USA) at 200 rpm, 33, 37, 40 and 45°C
for 72 hours.
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A-6.2 Continuous fermentation

The reactor column was sterilized by circulation of 70% v/v ethanol for L hour
and then was kept under uv light overnight. The column was packed by immobilized
cell (TSSC carrier) with working volume around 0.7 L. Temperature of the system is
controlled at 37°c. The sterile molasses solution with the initial sugar concentration
of 220 ¢/ and the initial pH at 5.0 was fed to the bottom of the fermentor
continuously by means of a peristaltic pump through sterile silicon tubing. Effluent
liquid overflowed from an outlet port at the top of the column, maintaining a constant
level of fermentation broth in the column. The temperatures inside diameter of the
column 5 position are measured by temperature sensors, which will recorded every 8
hours. The samples were harvested with volume of 5 ml every 8 hours from the 5t
port of the column,

A-T Sugar analysis

Sugar (sucrose) concentration was determined using a modified DNS reagent
method. All disaccharides in the samples and standard sucrose solutions were first
hydrolyzed to their monomers by using acid solution at elevated temperature. The
acid residue was then neutralized using a basic solution and the resulting precipitates
were settled by centrifugation. After centrifugation, the supernatant was reacted with
DNS reagent at high temperature resulting in the formation of brown colored solution.
The solution was then diluted before being analyzed by using spectrophotometer. The
absorhance of the sample was compared with standard sucrose solutions to obtain the
corresponding sucrose concentration. Complete step by step procedures are provided
in the following sections. The residual glucose concentration was also determined by
the glucose analyzer YSI.

A-7.1 NaOH and HCL solution preparation

NaOH 20% wiv was prepared by dissolving 20 g of NaOH pellets in 100 mL
of water. The reaction is highly exothermic so that the preparation should be done in
water bath in order to avoid excess heat generation. Weighing time of NaOH pellets
should be minimized because of the hygroscopic nature of NaOH. Solution of 37%
wiv HCL was obtained by diluting concentrated HCL solution with DI water. Beware
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of the acid vapor and wear protective gloves when preparing the solutions,
Commercially available HC137% can be also be used directly.

A-7.2 DNS reagent preparation
DNS powder is toxic and easy to airborne so that it should be handled with
caution. This powder should be added slowly in the mixing process because it is not
easy to dissolve. After preparation, the resulting yellow colored reagent is best used in
fresh condition so that it is not suggested to keep unused for long time (more than 1
month). The reagent is usually kept in brown hottle to protect it from degradation
originated from light for example light. The complete preparation steps are:
L Dissolve 1633 g NaOH 98% / in 20 ml of water. Mix the solution with
magnetic stirrer.
2. Under stirring, slowly add 1 g of 35-dinitrosalicylic acid powder into the
solution.
3. Dilute by adding 50 ml of water. Stir until it is homogeneous.
4, Add 30 g Na-K tartrate & mix it thoroughly.
5. Adjust the volume to 200 ml,
6. Keep the reagent for 3 days before use.

A-7.3 Standard sucrose solution preparation
Standard sucrose solutions were prepared first by making the source solution
which was the solution with the highest sucrose concentration as the upper limit. The
source solution was then diluted with water so that a set of standard solution with
increasing sucrose concentration (for instance 0, 6.25, 12.5, 18.75, and 25% wiv) was
obtained. The detailed procedures are as follows:
1 Dry 3.0 g sucrose at 100-105°c in hot air oven for 2 hours.
2. Put the dried sucrose in desiccator for cooling.
3. Dissolve 2.5 g ofthe sucrose in 10 ml of water to obtain the source solution,
4. Prepare each 2 ml standard solution in small labeled bottle by serial dilution of
suitable amount of source solution and diluting it with water as shown in detail
in Table A-7. Use auto pipette for the transfer purpose.
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Table A-7.3 Standard sucrose solution preparation

Sucrose concentration  Source solution Water

(% wiv) (ml) (ml)

0 0 2.0

6.25 0.5 15

1250 10 10

18.75 15 0.5

25.00 2.0 0

A-1.4 Sample treatment |

In the first treatment, sample was hydrolyzed using HC1 37% in hoiled water
bath. After the hydrolysis reaction was stopped, NaOH was added into the solution,
The sample was then centrifuged for removing suspended solids. Procedures of the
first treatment are;
L Mix 0.2 ml of sample with 0.8 ml DI water in screw cap tube.

Blend the sample with 0.5 ml HCL 37%.

Put the tubes in boiling water bath for 10 minutes.

Stop the reaction by placing the tubes in ice bath.

Add 0.5 ml NaOH 20% wiv and then mix with vortex mixer.

Add 10 ml DI water and then mix with vortex mixer.

Centrifuge the sample at 2000 rpm for 20 minutes.

Precautions and notes:

a) Use vortex mixer for mixing the fluid in the tubes.

b) Be cautious when handling the hot apparatus,

¢) The level of boiled water and ice bath must be sufficiently higher than the
liquid level in the tubes to ensure good heating and cooling of the sample.

A-1.5 Sample treatment II

In treatment 11, reducing sugar and residual glucose concentration were
analyzed from supernatant obtained from treatment 1. Supernatant obtained from
treatment | was analyzed residual sugar concentration directly by the glucose analyzer
(YSI). The reducing sugar concentration reacted with DNS reagent in boiled water
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bath. The solution’s color transformed from yellow to reddish brown in the course of
reaction. The color intensity represents the corresponding sugar concentration.
Solution with higher sugar content will have darker color. After the reaction was
ended, the solution was diluted with sufficient amount of water until its absorbance
spectrum obtained by spectrophotometer was well distributed along the range of
concentration being considered (the absorbance measured was not more 0.7).
Shimadzu UV-2450 UV-Visible spectrophotometer was used for absorbance
measurement. Sample containing only water (0% sugar) which had been treated in the
same manner as the other samples was used as blank. At every absorbance
measurement, fresh standard solution should be used. Complete procedures are
described in the following paragraph.

1 Mix 0.2 ml of supernatant obtained from treatment I with 1.0 ml DNS reagent
in screw cap tube.
Boil the solution for 10 minutes using water bath.
Put the tubes in ice bath to stop the reaction.
Add 10 ml DI water and then mix with vortex mixer.
Measure the absorbance at 520 nm. Use sample with 0% sugar as blank.
Obtain the standard curve by plotting absorbance Versus sucrose concentration
of standard sucrose solution.
7. Use the standard curve to gain sugar concentration of the samples.

A-8. Dry weight cell

A-8.1 Free cell concentration
Cell concentration was determined by separation of cell from its medium

followed by dry weight cell. Dry weight of cell concentration was determined by
separating the cells from their suspending liquid medium by centrifugation. The cells
were then dried and their weight was measured as the representative of their
concentration in the initial suspension. The procedures are:

1 Centrifuge the cell containing medium at 2000 rpm for 15 minutes.

2. Remove the supernatant (discarded or to be used for other analysis).

3. Add HC10.L N to the cell pellet and mix with vortex mixer.
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Centrifuge the suspension at 2000 rpm for 15 minutes.

Discard the supernatant.

Disperse the cell pellet with DI water.

Repeat step 4-6.

Transfer the cell suspension to a pre-weighted aluminum dish.

. Dry the cell in hot air oven at 100°c for 24 hours.

10 Measure the weight of the cells.

11, Precautions and notes:

a) The cells cake is fragile. Pour out all of the supernatant in one cycle
instead of several cycles.

b) Dry and measure the weight of aluminum dishes before use.

¢) The dry weight of the cells is obtained as the difference between the
weight of the aluminum dish which contains cells and the weight of empty
dish,

A-8.2 Immobilized cell concentration
Before the cell concentration could be measured, a measured amount of carrier
should be dissolved to ohtain cell suspension. The dissolution of TSSC was carried
out using water. The thin shell silk cocoon was removed from the suspension after the
gel was dissolved. The cells suspension was then treated with the same procedures as
for free cells suspension in order to obtain its corresponding immobilized cell
concentration. The complete procedures are as follows:
L Cutthe TSSC carrier into the small size.
2. Dissolve appropriate amount of TSSC carrier with 10 ml water in 25 ml
beaker.
3. Stir TSSC carrier inthe heaker with magnetic stirrer for 30 minutes,
4. Remove the TSSC carrier from the suspension and continue with same
procedures as step 2-9 of Section A-8.2.



APPENDIX B
EXPERIMENTAL DATA

B-I Experimental data of suspension cell in batch fermentation

Table B-1.I Data of batch fermentation of ethanol production in sugar cane juice by
SS, SK'and SM system at 33 Oc.

Time Ethanol concentration (g/1) Residual sugar concentration (/1)

(hours) $5 SK M SS SK SM
0 0.00 0.00 0.00 20148 21148 21148
8 26.47 2352 2526 15489 17100  161.09
16 59.37 43.30 48.90 887 1032  89.96
24 82.09 55.12 66.93 47,09 10.76 47.46
3 94.10 14.66 89.00 19.08 38.04 14.00
40 96.34 76.69 97.02 11.28 22,06 5.20
48 10033 81.755 98.53 1.56 1140 3.12
56 10592 8787 10265 5.10 9.79 359
64 10725 852 10266 533 9.29 359
12 10744 9069 10390 49 8.18 359
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Table B-1.2 Data of hatch fermentation of ethanol production in cane molasses by
SS, SKand SM system at 33 c.

Ethanol concentration (/1)

Time
(hours)
0
8
16
24
32
40
48
56
64
2

§S

0.00
1223
57.96
14.38
18.06
83.68
87.34
87.85
89.28
90.53

K

0.00
1151
31.20
45.53
58.25
65.63
10.52
76.10
18.85
60.29

M

0.00
1111
45.76
46.35
67.15
16.71
61.62
85.15
85.65
87.91

Residual sugar concentration (¢/2)

SS

193.72
153.66
10.01
34.20
29.86
29.62
29.49
28.13
21.63
21.14

SK

193.72
168.53
123.92
107.93
81.04
60.59
43.99
33.95
31.23
30.36

M

193.72
167.29
95.17
42.26
29.74
29.74
28.62
28.38
28.25
2491

Table B-1.3 Data of batch fermentation of ethanol production in sugar cane juice by
SS, SK, and SM system at 37 Oc.

Ethanol concentration (/1)

Time
(hours)
0
8
16
24
32
40
48
56
64
12

SS

0.00
11.78
3047
46.78
5251
54.43
58.24
60.08
61.40
64.90

SK

0.00
9.80
3251
37.10
45.76
50.97
55.53
571.79
60.85
63.94

M

0.00
10.98
21.44
5013
52.19
56.58
63.14
67.94
10.84
14.88

Residual sugar concentration (¢/2)

SS

221.58
166.27
107.93
71.66
53.17
45.91
4473
4443
44.28
43.33

K

22158
178.68
139.55
106.49
85.96
69.92
62.03
56.31
55.65
55.14

M

221.58
165.89
111.38
70.93
54.55
37.38
35.85
3440
33.74
33.59
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Table B-1.4 Data of batch fermentation of ethanol production in cane molasses by
SS, SK and SM system at 37 c.

Time Ethanol concentration (/1) Residual sugar concentration (g/1)

(hours) $§ SK SM 5S SK SM
0 0.00 0.00 0.00 18391 18391 18391
8 17.14 8.00 14.10 1085 15310 12262
16 44,66 17.39 38.54 40.14 113.10 49.93
24 63.36 31.09 56.49 16.14 80.52 2119
32 13.18 4717 71.00 13.10 11.38 1421
40 1443 50.18 12.17 13.24 62.62 1393
48 16.87 5142 72.98 1241 54.62 13.79
56 11.12 52.35 1345 11.86 54.34 1297
o4 71.85 54.38 i».17 1159 53.24 12.83
12 19.21 5451 76.89 1145 52.83 12.83

Table B-1.5 Data of batch fermentation of ethanol production in sugar cane juice by
SS, SKand SM system at 40 c.
Time Ethanol concentration (g/2) Residual sugar concentration (/L)
(hours) SS SK M SS SK M
0 0.00 0.00 000 2231 2231 22231
24 28.21 49.33 0245 14249 8640 95.60
13 49.44 65.90 63.51 80.31 47.80 52.46
12 46.09 66.36 66.17 79.15 47.15 50.78



82

Table B-1.6 Data of batch fermentation of ethanol production in cane molasses by
SS, SK'and SM system at 40 .

Time Ethanol concentration (/1) Residual sugar concentration (¢/1)
(hours) s SK M SS SK M
0 0.00 0.00 0.00 18523 18523 18523
24 14.32 23.22 2872 1308 11153 8951
148 45,54 36.83 48.20 43.39 93.01 31.35
2 43.29 32.58 51.97 37.18 91.19 31.09

Table B-1.7 Data of batch fermentation of ethanol production in sugar cane juice by
SS, SK'and SM system at 45 Oc.

Time Ethanol concentration (g/1) Residual sugar concentration (/1)

(hours) SS SK SM SS SK M
0 0.00 0.00 0.00 22056 22056 220.56
8 0.08 1889 1702 2041 1521 1521
16 0.09 40.17 2077 2141 1200 12636
24 0.09 55.26 5180 22011 7935 80.84
32 0.11 59.80 0864 22011 6889 71.06
40 0.14 60.56 5014 2875 6821 69.57
13 0.15 60.74 5079 21739 6590 70.11
56 0.29 62.29 6057 20924  67.80 70.52
64 0.34 63.21 6161 20652  66.30 69.29
12 0.36 63.67 6234 20516 6590 66.71
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Table B-1.8 Data of hatch fermentation of ethanol production in cane molasses by

SS, SK, and SM system at 45 Oc.

Time
(hours)
0
8
16
24
32
40
48
56
64
12

Ethanol concentration (/1)

S§

0.00
0.30
0.76
0.93
0.98
107
140
149
2.74
341

K

0.00

5.23

16.59
25.84
3291
34.67
34.67
37.94
38.40
38.67

M

0.00

141

2143
3L17
36.98
38.26
38.81
38.99
39.04
39.74

Residual sugar concentration (y/2)

S

186.59
180.71
179.35
180.71
177,99
179.35
176.63
17391
171.20
169.84

K

186.59
171.20
158.97
13139
120.92
11454
116.98
11793
118.75
11413

M

186.59
165.76
148.10
132.88
12351
126.22
125.14
124.46
12391
118.48



B-2 Experimental data of immobilized cell in batch fermentation
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Table B-2.1 Data of ethanol production from sugar cane juice by immobilized cell in
batch fermentation of AL and TSSC carrier at 37°c

Ethanol concentration (g/1)

Time
(hours) Mixed-  Mixed-

0
8
16
24
32
40
43
56
64
12

AL

0.00
1.25
32.05
47.85
57.16
60.72
63.87
67.01
68.65
10.24

TSSC

0.00
25.15
38.70
50.74
69.17
13.69
13.12
14.02
.19
1891

K-
AL TSSC

Residual sugar concentration (y/2)
Mixed-  Mixeg-

AL

000 000 216.34

6.75
29.52
43.72
66.41
67.45
67.49
69.35
69.75
10.04

22.25
46.54
58.78
68.62
14.44
1499
16.58
16.72
19.79

170.65
107.81
70.65
50.00
54.16
53.18
53.18
53.65
53.21

T3SC

43,01
36.30
36.05
35.19
35.67
35.54
3491

K-AL 1550

216.34 216.34 216.34
12849 17166 13612
1458 11385

80.60
58.69
54.16
53.90
53.65
53.53
53.53

87.38
49.09
29.32
25,67
25.16
25.16
24.41
24.41



Table B-2.2 Data of ethanol production from cane molasses by immobilized cell in
batch fermentation of AL and TSSC carrier at 37°c

Time
(hours) Mixed-  Mixed-
TSSC

0
8
16
24
32
40
43
5
64
2

Ethanol concentration (g/1)

AL

0.00
189
26.05
48.83
66.92
10.60
70.65
19.02
19.29
80.35

0.00
581
36.51
57.0
69.16
15.10
18.19
80.56
60.60
80.65

K-
AL

0.00
2.04
1308
3197
391
36.19
46.80
48.75
50.14
56.08

T3SC

0.00
3.06
1853
31.87
31.25
36.52
40.18
43.40
43.75
45.02

Residual sugar concentration (/1)

Ixed-
155c KAL 155¢

1762 11762 11762
155.14 12292 147.75

Mixed-  Mixed
AL

17762

170.03

13224 8301
7229 4368
3476 20.00
2960 741
285 728
2846 715
2846 690
2645  6.65

83.28
5221
44.18
30.05
17.52
10.39

4.74

3.73

99.05
82.46
7553
68.12
57.09
52.25
5117
50.97
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Table B-2.3 Data of ethanol production from sugar cane juice by immobilized cell in
batch fermentation of AL and TSSC carrier at 40°

Ethanol concentration (/1)

Time
(hours) Mixed-  Mixed-
AL TSSC
0 000 000
§ 1 1669
6 2846 566
20 443 558
2 5095 708
40 508 7185
18 6178 T7L98
55 6242 734
64 6430 7566
72 6649 7670

K-
AL TSSC

Residual sugar concentration (g/2)
Mixed-  Mixed

AL

000 000 21459 21459 21459
17625 14464 192.06
53.86 126.18

0.35
24.02
38.48
57.10
63.73
63.50
63.55
64.00
66.34

1325
40.33
40.70
67.27
1046
12.65
1346
1498
18.18

103.78
65.18
42.38
33.16
33.03
32.90
32.11
32.17

44.90
29.09
25.67
25.67
25.53
2540
2540

87.44
55.43
36.19
33.03
33.03
33.03
32.24

i .
15s¢ KAL T55¢

214.59
172.29
104.04
60.30
39.49
34.87
34.87
34.61
34.35
34.08
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Table B-2.4 Data of ethanol production from cane molasses by immobilized cell in
batch fermentation of AL and TSSC carrier at ao°c

Time

16
24
32
40
43
56
64
12

Ethanol concentration (/1)
(hours) Mixed- Mixed- K-

AL

0.00
0.13
1435
39.71
55.85
56.80
57.36
57.14
60.50
60.64

TSSC AL

000 000
286 0.30
2445 391
4052 29.05
60.60 45.01
69.74  57.59
7003 58.25
1062 60.31
1081~ 6244
1184 64.67

TSSC

0.00
.1
3167
4739
62.71
66.97
67.26
68.25
68.74
69.11

Residual sugar concentration (g/2)

Mixed-
AL

186.47
162.29
126.46
17.18
4161
4121
41.08
40.82
40.95
40.29

Mixed-
TSSC

191.28
180.74
153.07
100.37
58.21
44.90
4411
43.98
43.72
43.45

K-AL 1550

186.47 18647
17283 158.88
15439 11817
11447 8181
1210 4755
4556  35.03
4174 3464
4148 3451
4082 3451
4029 3398
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B-3 Experimental data of continuous fermentation: non-control temperature

Table B-3.1 Experimental data of ethanol and residual sugar concentration in packed
bed reactor of TSSC carrier with dilution rate 0f 0.10, 0.21, 0.30 and 041 h"1for cane
molasses medium, and with dilution rate 0.10, 021 and 0.30 h'Lfor sugar cane juice
medium.

Dilution Sugar Ethanol, Y pls
rate IMe concen%ranon concentration ‘VS;

) (hours) e o)

Feedstock :Cane molasses

P

0.10 0 22222 0.00

0.10 8 107.71 21.99 0.19
0.10 16 50.59 50.24 0.29
0.10 24 34.25 64.54 0.34
0.10 32 29.15 68.63 0.36
0.10 40 29.54 68.78 0.36
0.10 43 2243 67.97 0.34
010 26 29.15 12.56 0.38
0.10 64 29.60 1175 0.37
0.10 12 29.02 1112 0.3/
0.10 80 31.24 1187 0.38
0.10 8 32.16 11.33 0.38
0.10 % 31.63 67.35 0.35
021 104 58.56 63.06 0.39
021 112 65.88 4311 031
021 120 52,03 59.30 0.35
021 128 5281 60.72 0.36
021 136 59.82 64.23 0.39
0.21 144 50.85 64.38 0.38
021 152 53.20 63.06 0.37
021 160 59.03 63.16 0.38
021 168 55.16 65.20 0.39
0.21 176 59.61 55.66 0.34
0.30 184 15.82 48.10 0.33
0.30 192 1490 4749 0.32
030 200 14.25 49.44 0.33
030 208 1281 51.07 0.34
030 216 68.50 48.21 0.31
030 224 70.59 50.75 0.34



Dilution

concentration - concentration

- Sugar
Time :
8 (hours) %
&
030 232 13.86
030 240 1346
030 248 75.56
030 2% 76.34
041 264 91.63
041 1 94.25
041 280 89.93
041 288 90.33
041 29 85.49
041 3 82.22
041 312 83.66
041 30 83.92
041 38 85.75
041 33 85.65
Feedstock :Sugar cane juice
0.0 34 10.85
010 32 1.58
0.0 360 171
010 368 5.23
010 376 471
010 384 301
010 392 431
010 400 5.88
010 408 6.14
010 416 11.90
010 424 1242
010 432 1373
010 440 16.99
021 448 50.98
021 456 50.59
021 464 49,67
021 472 49,02
020 480 44,44
021 488 35.29
021 496 35.16
020 504 33.46
020 512 32.68
021 520 33.33

Ethanol

m
48.69

49.50
50.60
48.13
4211
40.79
44 64
46 07
41.29
46.26
44 64
4475
50.84
50.92

16.75
19.83
85.29
85.50
85.17
68.38
84.75
86.19
85.37
87.97
87.12
90.87
86.09
60.30
61.67
63.11
66.38
67.94
10.87
7116
10.54
10.62
1123

Y pls
(%)
0.33
0.33

0.33
0.33
0.32
0.34
0.3
0.35
0.33
0.32
0.32
0.37

.:
wW
iy
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Dilution

Time Suqar Ethanol Yp/S

rate (hours) concentration concentration 0

1 (%)
b s Ay 9y 035
0.30 536 6797 h3.76 0.35
0.30 h44 65.36 56.07 0.36
0.30 h52 63.14 57.83 0.36
0.30 560 73.59 h4.85 0.37
0.30 568 63.27 55.96 0.35
0.30 576 69.54 57.65 0.38
0.30 h84 73.20 50.35 0.34
0.30 592 71.24 52.83 0.35
0.30 600 72.55 52.96 0.35

Table B-3.2 Data of free cells concentration leaving the reactor.

Dilution rate Time Free cell concentration

(hours) )
Feedstock :Cane molasses

0.10 0 0.20
0.10 8 0.20
0.10 16 0.20
0.10 24 0.40
0.10 32 045
0.10 40 1.00
0.10 48 1.10
0.10 56 115
0.10 04 1.00
0.10 12 140
0.10 80 140
0.10 88 140
0.10 9% 140
0.2 104 140
021 112 140
021 120 140
021 128 1.60
021 136 1.80
021 144 2.00

0.21 152 2.10



Dilution rate Time Free cell concentration

(hours) )
0.2 160 2.00
0.2 168 2.15
0.2 176 213
0.30 184 2.10
0.30 192 2.20
0.30 200 2.10
0.30 208 180
0.30 216 2.00
0.30 224 2.00
0.30 232 2.00
0.30 240 2.00
0.30 248 2.00
0.30 256 180
041 264 4.20
041 272 450
0.41 280 5.20
0.41 268 5.00
0.41 296 6.60
041 304 5.40
0.41 312 6.20
041 320 6.40
0.41 328 480
0.41 336 6.00

Feedstock :Sugar cane juice

0.10 344 320
0.10 352 3.60
0.10 360 3.20
0.10 368 4.00
0.10 376 4,00
0.10 384 2.20
0.10 392 320

0.10 400 2.60



Dilution rate

0.10
0.10
0.10
0.10
0.10
0.21
0.21
0.21
0.21
0.21
0.21
021
021
0.21
0.21
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30

Time

(hours)

408
416
424
432
440
448
456
464
472
430
488
496
504
512
520
526
536
544
552
560
568
576
584
592
600

Free cell concentration
9D
2.20
380
1.80
2.80
240
1.80
2.60
2.80
2.00
320
2.60
2.00
2.80
2.80
2.20
2.20
2.60
3.00
2.80
340
4.40
3.00
340
380
400

92
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Table B-3.3 Experimental data of ethanol productivity average at steady state in
packed bed reactor of TSSC carrier with dilution rate 0f0.10, 0.21, 0.30 and 041 h"1

Dilution Ethanol Residual sugar .
rate concentration Concentration Zg? Pro(dt:c::)v 1y
) (1) () ° |
Cane molasses
0.10 7173 (£0.56) 30.27 (£ 1.37) 3141 7.17 (£ 0.06)
0.21 64.00 (+ 0.90) B4.01 (£2.02) 3810 1280 (0.18)
0.30 49.20 (£ 1.27) 13.61 (£2.45) 3316 14.76 (£0.38)
041 45,61 (+ 1.10) 85.93 (£ 342) 352 18.24 (£ 0.44)
Sugar cane juice
0.10 86.33 (£ 1.34) 2181 (£3.30) 4300 863 (+0.13)
0.21 70.88 (£0.31) 40.82 (+1.17) 4097 14.18(0.06)
0.30 56.47 (+ 1.25) 8198 (£ 451) 4036 1694 (£ 0.38)
15t sensor port
y = L5845X- 16.875
45 * 52 _
g 4 R*=0.9824
2 39 - .
E 36 -
Z 33 -
30 e
30 33 36 39 42 45

Temperature recorded (°C)

Figure B-3.1 Experimental data of standard curve for temperature; 14 sensor port



2nd sensor port
y= 16423X- 1861

45 W e R*=0.9509
G 42
B 39 1 .
<
@ 36 1 .
=
= 334 ¢

30 *> T T T T \

30 33 36 39 42 45

Temperature recorded ( C)

< B-3.2 Experimental data of standard curve for temperature; 2rdsensor port

3rdsensor port y= 15353X- 14.06

45 = R R* =0.987
42 -
=S 39 -+ %
= 36
33 -
30 . . ; , .

30 33 36 39 42 45

alue (°C)

True

Temperature recorded (°C)

Figure B-3.3 Experimental data of standard curve for temperature; 3rdsensor port
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4th sensor port y=0.6419x+ 9.7286

42.0 - R®=0.9908
g 39.0 :
)
=
= 36.0
:—5 *
& 330
30.0 T T 1
30 33 36 39 42 45

Temperature recofded (°C)

Figure B-3.4 Experimental data of standard curve for temperature; 4thsensor port

Table B-3.4 Experimental data of temperature profiles
. Dilution  1¢sensor ~ 2rdsensor  3rdsensor  4thsensor  5(hsensor
Time
(hours) rate port port port port port
) (°C) (°C) (°C) (°C) (°C)
0 010 3145 36.41 35 37.37 31.23
8 010 3320 33.94 3.0 34.15 29.95
16 010 3240 35.26 358 35.22 30.46
24 010 308 33.12 U5 33.38 29.63
3 010 3129 31.97 339 32.46 29.24
40 010 3193 33.12 346 3353 29.69
18 010 34 33,62 35.0 34.15 29.95
56 010 3193 32.63 344 B2 29,56
64 010 3129 32.30 n1 2.77 29.43
7 010 340 33.45 349 33,84 29.88
80 010 3193 32.96 U7 3353 29.76
8 010 3082 31.64 37 32.15 29.18
% 010 3256 33.78 %1 34.30 30.01
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Dilution  1s¢sensor 2rdsensor 3rdsensor  4thsensor  Sthsensor
rate port port port port port

) (°C) (°C) ( (°C) (°C)
M 020 R 378 %1 384 2995
1w 02 BT 3509 358 U/ 303
0 02 k8 3789 375 37.22 3142
128 02 34.78 36.57 3.8 35.99 30.85
1B 0A 33.20 34,93 358 34.46 30.27
w02l 32 38.33 378 37.68 31,62
1 02 .41 37.23 371 36.76 3123
160 02 34.15 35.75 3.3 35.38 30.65
168 04 36.05 38.38 378 37.53 31.62
176 02 35.57 37.39 371 36.76 31.36
1% 030 3478 36.24 36.4 35.22 30.72
19 030 32 38.38 378 3707 3LT5
20 030 .73 382 3.7 36.76 31,75
28 030 378 37.06 36.9 35,53 3123
26 030 3605 3821 378 37.07 3175
24 030 3589 382 376 35.99 31.68
22 030 3510 3756 372 34,92 31.49
240 030 3668 3953 384 36.60 32.20
g 030 3731 38.54 384 36.76 32.20
x6 030 3605 38.38 378 34.76 31.68
264 041 3783 39.20 38.0 34.46 3181
o2 041 35.57 3821 376 33.38 31.10
280 041 B4 37.89 371 32.46 30.01
288 041 3B2A 39.36 381 34.15 3142
29 04l 35.89 3871 317 33,69 31.10
4 04 3R 37.89 372 30.92 30.85
32 041 3147 39.86 383 3476 31.36
0 04 3668 3003 378 B 3130
38 041 36.68 3871 378 33.07 30.85

Time
(hours)



Dilution  1dsensor 2rsensor  3rdsensor

041

0.10
0.10

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.21
0.30
0.30
0.30
0.30
0.30

port
(°C)
30.66
29.87
30.34
30.18
29.87
3161
30.82
30.03
30.98
3114
31.93
31.93
3351
35.26
34.78
34.30
31.00
35.13
35.57
3147
36.21
35.57
38.11
38.11
31.19
38.74
31.%
31.%
38.11

port
(°C)
32.63
31.48
31.97
31.32
30.82
32.63
31.48
30.66
3181
3181
32.63
32.63
34,93
31.23
34.60
35.75
39.20
31.23
36.90
39.20
31.56
36.90
39.69
39.36
39.53
40.35
39.20
38.87
39.20

port
(°C)
314
3.7
3.0
3.3
338
34.0
345
339
3.2
3.9
339
343
3.2
3H.7
3.8
36.4
3.5
31.2
310
3.4
315
31.2
3.7
3.3
3.6

389 .

38.5
384
38.2

dthsensor  Sthsensor

port
(°C)
36.45
35.38
36.14
35.68
35.07
31.53
36.91
36.14
36.30
36.91
36.30
35.68
34.46
36.30
34.30
33.99
3131
35.68
35.22
31.68
36.91
35.53
36.14
35.07
35.07
35.84
34.92
35.38
35.53

port
(°C)
30.65
29.88
30.14
29.95
29.82
30.53
30.21
29.76
30.33
30.27
30.14
29.82
30.08
31.04
30.01
30.08
31.49
30.78
30.65
31.49
31.10
30.72
31.23
30.65
29.88
30.14
29.95
3091
30.98
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Time
(hours)

568
576
584
592
600

Dilution
rate

)
0.30

0.30
0.30
0.30
0.30

Igsensor  2rilsensor  3rdsensor

port
(C)
38.58
3.11
3131
38.42
38.90

port
(C)
40,02
39.53
39.03

38.71
39.20

port
(C)
3.9
3.3
318
3.3
38.7

98

4thsensor  Sthsensor

port
('C)
36.30
35.68
35.38

36.60
37.53

port
(C)
31.55
31.49
31.55
3187
32.13



Temperature (°C)

*xxxXxxxx*

xxxx*xxx*xxx
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Productivity (9! )

Figure B-3.5 Temperature profile at the 2ndsensor port as compared to productivity; 1, Temperature ( C) and *, Productivity (¢/1 h)
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B-4 Experimental data of continuous fermentation: at 37 °c
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Table B-4.1 Experimental data of ethanol and residual sugar concentration in packed
bed reactor of TSSC carrier with dilution rate 0f0.11, 0.18, 0.20, 0.30 and 0.40 h'Lfor

cane molasses medium.
Dilution -

e
0.11
0.11 8
0.11 16
0.11 24
0.11 kY
0.11 40
0.11 48
0.11 56
0.11 64
0.11 7
0.11 80
0.11 8
0.11 9%
0.18 104
0.18 112
0.18 120
0.18 128
018 13
0.18 144
0.18 152
018 160
0.8 168
0.20 176
0.20 184

Ethanol
Concentration

o)
0

21.25
43.03
54.20
54.19
52.12
54.01
52.85
52.89
52.88
52.88
50.79
blis

46.67
36.93
36.32
35.66
40.32
40.62
38.82
38.65

36.49
47.85

39.19

Residual sugar
Concentration

(91
2135
148.97
4759
36.83
4097
41.66
441
4814
46,62
44,69
5048
46.07
60.12

59.31
90.07
90.07
18.07
13.38
1145
13.19
1145

18.43
54.43

1490

(%)

37.65
24.76
2931
30.37
29.01
30.52
30,51
30.27
29.93
30.95
28.98
3112

28.80
28.13
21.67
24.89
21.25
21.10
26.31
25.18

25.54
28.68

26.76



Dilution
rate

020

0.20
0.20
0.20
0.20
0.20
0.20
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.11
0.11
0.11
0.11
0.11

Time
(hours)

192

200
208
216
224
232

240
248

256
264
212
280
288
296
304
312
320
328
336
344
352
360
368
376
384
408
432
456
480
504

Ethanol
Concentration

b

42,51
5321
58.34
4493
48.40
54.31
571.92
41.12
49,02
46.66
46.69
46.69
46.65
43.24
4141
38.37
37.35
33.46
34.80
35.99
21.26
21.26
30.25

30.65
5321

4091
32.32
3081
37.93

Residual sugar
Concentration

m

63.31

60.14
43,03
38.62
50.12
56.69
49.38
52.28
14.62
63.59
57.10
61.79
65.38
67.31
13.79
69.10
8041
16.14
85.52
84.94
71.03
105.38
98.35
91.03

88.00
36.55

54.76
10.07
18.76
64.41



Dilution

raj
01

0.11
0.11
0.11
0.11
0.11
011
011

Table B-4.2 Data of free cells concentration leaving the reactor.

Time
(hours)

528
552
576
600
624
648
672
696

Dilution
rate

0.11
011
0.11
0.1
011
011
0.11
011
011
0.11
0.11
011
0.11
0.18
0.18
0.18
0.18
0.18
0.18
0.18
0.18
0.18

Ethanol
Concentration

m
38.04
44.83
37.13
o171
54.64
571.21
54.09
54.01

Time
(hour)

Residual sugar
ConcMratlon

54.62
54.62
61.52
38.43
3531
34.76
36.14
20.12

Free cell concentration
©2)
0.00
140
140
1.00
140
140
140
180
140
160
160
140
140
1.20
180
140
1.20
160
0.80
1.00
1.00
0.60

YplS

(%)

22.82
26.89
23.23
31.56
29.37
30.69
29.20
26.84
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Dilution rime  Free cell concentration

rat)e (hour) 1)
0.20 176 0.80
0.20 184 040
0.20 192 120
0.20 200 100
0.20 208 110
0.20 216 120
0.20 24 140
0.20 23 100
0.20 240 0.60
030 248 100
030 256 0.60
030 264 060
030 212 080
030 280 080
030 288 040
030 296 040
030 304 140
0.30 312 120
040 320 1.20
0.40 328 100
040 336 100
040 g1 1.00
040 352 100
040 360 150
040 368 160
040 376 140
040 384 100
011 408 100
011 432 120
011 456 120
011 480 100

0.11 504 130
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Dilution

rate Time  Free cell concentration
) (hour) (02)

0.11 528 1.20

0.11 552 1.00

0.11 576 1.10

0.11 600 1.10

0.11 624 150

0.11 648 1.30

0.11 672 120

0.11 696 140

Table B-4.3 Experimental data of ethanol roductivit% in packed bed reactor of TSSC
carrier with dilution rate 0f0.11, 0.18, 0.20, 0.30 and 0.40'h', at temperature of 37°c

Dilution Ethanol Productivity
rate (h)) concentration (g/1) 1)
0.11 5333 (£.0.90) 5.82 (£ 0.00)
0.18 39.60 (£1.01) 7.13 (£ 0.18)
0.20 55.78 (£3.63) 10.37 ( 1.05)
0.30 46.67 (£ 0.02) 14.14 (£ 0.31)
0.40 28.86 (£ 1.85) 1154 (£0.74)

; Ethanol concentration was calculated from the average at steady state.
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Figure B-4.1 Continuous fermentation in a PBR at dilution rate 0f0.11, 0.18, 0.20, 0.30 and 0.40 h'L,;
A Residual sugar concentration and 1 , Ethanol concentration

Ethanol concentration (/1



APPENDIX C
LIST OF PUBLICATION

International conference

1 Akekasit Eiadpum, Anuchit Rattanapan, Jirawan Mongkolkajit, Savitree
Limtong and Muenduen Phisalaphong, “Ethanol productivity from sugar cane
juice and cane molasses by mixed cultures of Kluyveromyces marxianus
DMKU 3-1042 and Saccharomyces cerevisiae M30”, Proceeding for The 16t
ASEAN  Regional - Symposium —on Chemical Engineering “Chemical
Engineering at the forefront of Global Challenges”, December 1- 2, 2009
Manila Hotel, Manila, Philippines, Paper Code 3Pro-Biotech?.

*He has received finalist in poster competition and won as second place.

2. Akekasit Eiadpum, Anuchit Rattanapan, Jirawan Mongkolkajit, Savitre
Limtong and Muenduen Phisalaphong, “Ethanol productivity from sugar cane
juice by immobilized Kluyveromyces marxianus DMKU 3-1042”, Proceeding
for ChemBiotech’09-10, January 28th- 29th 2010 Department of Chemical &
Biomolecolar Engineering , National University of Singapore,



107

16" ASEAN Regional .Symhp(.jsium
on Chemical Engineering

“Chemical Engmeermg at the
forefront of Global -f\CEallengeS”

" December 12,2009
‘Manila Hotel = .. &
Manila, Philippines

b i

EBE pontitcaland foyal G
"=~ 33 UNIVERSITY OF SANTO TOMAS ;
TR The Catholic University of the Philippines m.é:‘ §

L

. :a:'_' ) >
3 oLt = =t ot Y ¥
] e
e SRR N W N 3 | ¥, :
RN R B e R R ST R R




108

Ay TUL - e O SO TORS
CERTIFICATE

This is to certify that
AKEKASIT EIADPHUM, ANUCHT RATTANAPAN, IRAWAN MONGKOIKAJIT, SAVITREE UMTONG and MUENDUEN PHISAIAPMONG

"etfraaitfn& ductPiityfrom tuctm anH tjixkv. am icane MOMSMS « m iw ticottire io t# V €W i« « manitntusOMKU i uytiam iHm xftam inywisvrev& ke M-to”

ijK fe' isiojpkp

hits participated &
HANALIST in poster competition and won as SECONDPLACE

in the
1™ ASEAN Regional ngp,osium on Chemical Engineerinf]; 85CE £003)
with the theme “Chemical Engineering at the Forefront of Global Challenges”
held on 01 —{H December £003 at the Manila Hotel

and the University of Santo Tomas, Manila Philippines

P

| S, % P
Engr. Cezar S. de la Cruz Prof. Philipina A. Marcelo, Ph.D.
National President, o 16th ASEAN RSCE Secretariat

PIChE ‘.” / = Chair. Technical Commiittee
el ;}t«lﬁ“'
Prof. Maria Nafalia R. Dimasno, Ph.D. g

Chair K
16th ASEAN RSCE s




16" ASEAN REGIONAL SYMPOSIUM ON CHEMICAL ENGINEERING
December 1-2,2009, Manila Hotel, Philippines

Ethanol Productivity from Sugarcane Juice and Cane Molasses by Mixed
Cultures of Kluyveromyces marxianus DMKU 3-1042 and Saccharomyces

cerevisiae M30
Akekasit Eiadphum1, Anuchit Rattanapand, Jirawan
Saw%ree EmtgngJa%(ﬁ Muenéuen F%]fg?aéhongl'

‘DepartmentofChemical Engineering, Faculty ofEngineering,
Thailand

Mongkolkajit11

chulahngkorn University, Bangkok, 10330,

2DepartmentofMicrobiology, Kasetsart University, Bangkok 10900, Thailand

*E-mail: muenduen.p@ chula.acth

Was con areﬁ]ttglt?\%%gt l . o W%Jn%%%uel%fs
Su arf_o Cgﬂﬁ“?ﬂ% néﬂ ul:]t VIere carmed out
1S Well-establisned ferme rgnfr |%4et noRe
temperatures >4P°C.Kmarx anus, VKU 3-1042 0] l[1
n{%ﬂ%rp |rt P&%t‘ (())H?d matnéwe mixed cul rem : tat st activi
%he etﬁaﬁo dprm% f%ef anée ?ﬁra)f

LT
Keyworcs: ucth%n mix cﬁtures, sugarcane, molasse

assOgsKlu ve
smsw%
{r:om m fs
etter.st?r
re% 87 4?

g respectively.

rom acch, r?rngces Cerevis

S jae. M
X 10 e frmeniation ot i m
¢ for /2 hours, . cerevisiae N

Flip
%I%e; Ajﬁ}{ the em%ntatm Al

n uctmrt% IASnR
45°¢ were 76.9,51?8%& 9.7 /L, respectively whereas,

n

i

INTRODUCTION

Fossn fuels reserves are rapidly diminishing, The fuel sources
1o replace fossil fuels must be rengwable, sustainable,
efficient, cost-effective, convenient and safe d(Najafpour et al,
2004‘) Therefore, ethanol industry has qrown rarmatically in file
last few years for the sup[oly of éthanol as the clean reriewable
fuel. However, in Thaifand, ethanol production by yeast
fermentation in hot climates has generally been’ found
uneconomic without gqvernment,submdi/]. This 15 because of the
high enerqy input required to maintain the fermentation process
temperature Detween 25°c and 35° to maximize ethano
Productlon (Banat et al, 1992?]. Ethanol fermentation at high
emperature has received much attention for effective ethanol
Pro uction In topical counties where average - day-time
em{ZJeratures are usually high throughout die year (Lhntong et
al, 2007). The advantdges associatéd with the production of
ethanol ‘at high temperature include increased rate of
productivity, Teduced” cooling costs, reduced risk _of
contamination and suitability for use in tropical countries. Tire
well-known yeast producers, Saccharomyces cerevisiae and
Zymomonas Mmohilis are candidates for ethanol production.
Saccharomyces cerevisiae as an advantage for Its tolerant to high
sugar and ethanol concentration, It” has previously beén
demonstrated that Saccharomyces cerevisiae Is capable of
producing ethanol at temperature ran mg from 30 to 33°c when
grows on”medlig containing cane molasses (Phisalaphong et al,
006). Recently it haS been demonstrated that the
thermotolerantﬂyeast strain Kluyveromyces marxianus DVKU 3-
1042 was an effective strain that could be enéglv?’ ed for ethanol
production at elevated temperature up to 45 8Cwhen sugiar cane
{Ul,ce was used as a raw material (Umtong etal, 2007). norder
0 |mProve the ethanol fermentation ,\ﬁ)rocesg, the use of a mixed
culture ot these strains, . cerevisiae M30and K marxianus DVKU
3-1042 is applied in this ,studX. The bafch fermentation by the
mixed suspension culture is evaluated using shake flasks.

| at37.40, and45°c, 200

MATERIALSAND METHODS

Microorganisms i
_Kmarxianus DMKU 3-1042 and S cerevisiae M30 strains were
kindly provided by Assoc Prof. Dr. Savitree Umthong,
E%%p?(rtgent of Microbiology, Kasetsart University,
gkok).

Culture media and cell preparation ,
Starter culture were prepared by transferring cells from stock
PDASlants to 100 ml of sterilized medium followed by incubation
for 24 h. The cultivationmedium for
the starter culture contained 10% w/v su%zz\)i1 from palm sugar,
0.05%wifv 6NH4)28_04, 0.05%wjv K112PO4, and 0.L5%wiv
Mfg804.7H2 . The initial pH of the medium was adjusted at 5.0.
After that, the obtained cell suspension was concentrated by
decantation and then transferred to the main culture.

Batch fermentation

Su%arcane juice and cane molasses were used as carbon spurce
for the fennentation medium. The medium contained initial
sulglar concentration of 220g/1, 0.05%wiv (NH4J2504,0.05%wlv
KH2P04, and_0.15%wiy MgS04.7H20, and the initial pH was
adjusted at 50. Experimenits were initialed by transferring
prepared cell suspension into soo, ml Erlenmeyer flasks
containing 250 ml of the fermentation medium i order to
Promote anaerobic condition which was favorable ethanol
fermentation, Fennentation flasks were then shaken in the
incubator at 200 rpm. The experiments were carried out for 72
hour in isathermal conditions at 37,40 and45°¢c and monitored
b% removing 5 ml samples every 8 hour for cell, sugar and
ethanol analyses.

Analytical Methods o
For cell drg weight determination; 5 ml sample of the
fermentation broth was centrifuged at 20,000 rpm for 1S min-
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The ceil pellet was resuspended il 'UN HQ and washed twice
with distilled water and then dried at 90cc for 24 h and then
weighted The re5|due%] lucose concentration was determined by
the YSI (Modg! 270 Biochemistry Analyzer, Yellow
Springs, Ohio 45387 USA). Concentrations of ethanol were
determined by gas chromatography using a Shimadzu Model GC
TAG eqU|p2ped with a flame fonization detector. A column with
length of outer diameter of 3.3 mm, and packed with
Porapak Q 80-100 mesh was used with N2 as carrier ges. Plow
rate 0f N2'is 50 mt/min. The oven and detector temperature are
190°C and 240a respectively. The samples are injected with
volume of IpL and injection temperature of 240°c

RESULTSAND DISCUSSION

Batch fermentation  shake flasks for ethanol production was
carried out in duplicate for 72 h at constant temperatures of 37,
40 and 45°. The effect of temperature on ethanol fermentation
in a basal sugar cane juice and cane molasses medium by
S.cerevisiae, Kmarxianus and the mixed culture of Scerevisiae and
K.marxianus, Was investigated. Fig. 1 demonstrates the
experimental results at the end of the fermentation, the ethanol
concentrations fromsugar cane juice medium usmgthe mixed
culture at constant temperature of 37, 40 and 45 were 56.72,
66.17 and. 62.34 g/l respectively, which were higher or
equivalent in comparison to those Of S cerevisiae O Kmarxianus
monoculture ~ system.  Moreover,  the  residual  sugar
concentrations from the systems using the oux  culture were
lower than those of the” monoculture systems. The ethanol
concentrations by the mixed culture system using cane molasses
medium were 76.89, 51.97 and 39.74 at constant temperature of
37, 40 and 45° res?ectlvely, which were higher or at least
combatabie to those ofthe manoculture systems.
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The summary of ethanol fermentations of the mixed culture
and the monocultures_in sugar cane juice and cane molasses
medium is shown in Table L. The results demonstrated. that
ethanol fermentation by using the mixed culture system achieved
the highest production”rate Under various controlled conditions
regarding tile final ethanol vield and the residual sugar
concentration, Moreover, the” mixed culture offered some
important advantages such as high stability under wide
operating temperature control rande and high fermentation
erficiency on various substrates.

Table t, Ethanol fermentation by . cerevisjae M30, K marxi
DQH& 3-116]250anJ n:[?]e_ m(IJr Cultcuerreevi)sgae ceréyisian;ara)l(rllénUKS
marxianus In S%l?/al' eljwceand cane molasses medium at various
temperatures fo 12 hour,
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CONCLUSION'S AND RECOMMENDATION/S

_The mixed culture of S.cerevisiae and Kmarxianus exhibited
highly desirable properties in ethanol fermentation under
various controlled conditions, The mixrf culture system achieves
higher ethanol productivity with the higher conversion yield than
those from the fermentations by the” monocultures. “The high
temperature stability of the mixed culture in sugar cane juice and
cane molasses meditm was observed.
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Ethanol productivity from sugar cane juice by immobilized kluyveromyces
marxianus dmku 3-1042
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Ethanol fermentation at high temperature has received much attention for effective ethanol
production in tropical countries where average day-time temperatures are usually high
throughout the year (Limtong et al., 2007). The advantages associated with the production of
ethanol at high temperature include increased rate of productivity, reduced cooling costs, reduced
risk of contamination and stability for use in tropical countries. To achieve high temperature

A
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fermentation, it is necessary' to use ail efficient yeast strain that can tolerate high temperature.
The Kluyvcromyces marxianus DMKU 3-1042 is an effective strain that could be employed for
ethanol production at elevated temperature (Limtong et al., 2007). On the other hand, ethanol
production using an immaobilized cell system offers many advantages such as higher productivity
and protection of cells from inhibitions. In the present work, we selected ethanol production by
batch fermentation using Kluyveromyces marxianus DMKU 3-1042 immobilized within the
alginate-loofa matrix, which was then examined and compared with that using suspended cell.

these studies, the system of cell immabilization by entrapment in alginate-loofa was compared
with the systems of free cells. The fermentation was carried out with 220 g1 of initial sugar
concentration from sugar cane juice as a carbon source for K. marxianus DMKU 3-1042. Batch
fermentations were performed in the shaking incubator at 200 rpm, at constant temperature of
37°c and 40°c for 72 hours. The results of the fermentation are summarized in Table L

Tabic 1. Yield and end products of batch ethanol fermentation for 72 hr using the cultures of suspended cells
(SC) and Aginate-loofa-matrix-immobilized cells (ACM)

Culture
Temperature ssem PO Xf X, Ypls (/o)
SC 63.9 34 : 0.38
3700 ALM 70.0 2.1 4, 0.43
) SC 06.4 8.8 : 0.38
40 ALM 663 15 34 0.36

X| is the immobilized cell concentration; Xp is the free cell concentration. Ethanol yield (Yp/s) is
the ratio of ethanol accumulation (P-Po) to the sugar consumption (So-S).

The effect of temperature for systems of immobilized cell was studied by the comparison of the
samples at 37 °c and 40°c. At the end of the fermentation, the ethanol concentrations were 70
and 66.3 ¢/ respectively, which were higher and equivalent in comparison to the free cells
system (63.9 and 66.4 g/1); Moreover, the residual sugar concentration and the fermentation time
were lower and shorter in the immobilized cell system than in the free cells system. As shown in

Yl
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Figure 1, the concentration of sugar gradually decreased while the ethanol concentration
increased for the duration of 72 hours. The final residual sugar concentration of the free cells and
the immobilized cell system were 55.1, 47.2 and 53.5, 32.2 ¢/1, respectively. A comparison of
experimental results showed that the sugar consumption and ethanol production trend of the
immobilized cell system was initially lower than that of the free cells system for the duration of
24 hours but they become higher after that. On the other hand, the productivities of the
immobilized cells system were stable in comparison to the free cells system after 48 hrs of
fermentation. The cell activities of the immobilized cell system were better than the free cell
system which might be attributable to the negative effect of high ethanol concentration on cell
activity and viability in the free cell system.
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Figure 1.

Ethanol and residual sugar concentration during the fermentation free cells of K.marxianus
DMJKU 3-1042 and immobilized cell of K.marxianus DMKXJ 3-1042 using sugar cane juice
medium oy reciprocating flask cultivation at 37 and 40 °c ; the residual sugar
concentration (— ), Ethanol concentration (—).
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