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ABSTRACT

The present study was designed to study the behavior of co-culture of Saccharomyces
cerevisiae NCIM 3219 and Pichia stipitis NCIM 3507 for bioethanol production in batch mode
followed by a chemostat and chemostat with cell recirculation mode from a mixture of glucose
and xylose. The study was divided into three objectives involving strategy development to
maximize ethanol concentration and its volumetric productivity. The monoculture of S.
cerevisiae has reported an increase in ethanol concentration upon increasing the glucose
content. A maximum ethanol concentration of 38.3 + 0.66 g/L, corresponding to an ethanol
yield and volumetric productivity of 0.48 g/g, and 1.07 g/L/h, respectively, resulted from 80.0
g/L glucose with S. cerevisiae. A similar pattern was observed with P. stipitis fermentation.
The P. stipitis resulted in a maximum ethanol concentration of 23.5 £ 0.44 g/L, corresponds to
0.39 g/g ethanol yield and 0.32 g/L/h volumetric productivity from 60.0 g/L xylose. However,
50 g/L xylose resulted in 22.6 g/L ethanol, which corresponds to 0.45 g/g ethanol yield and
0.61 g/L/h volumetric productivity. The obtained results in the case of P. stipitis have shown
that 50.0 g/L xylose was the maximum sugar utilized efficiently. In contrast, 60.0 g/L initial
xylose resulted in a 13.7% decrease in ethanol yield, which might be due to the toxic effect of
ethanol on P. stipitis. In context to the optimization of the essential process parameter for co-
culture fermentation using mixed sugar substrate, the maximum ethanol concentration and
yield were achieved at 0.05 vvm aeration rate and 2:1 glucose/xylose ratio. The co-culture
resulted in maximum ethanol concentration, ethanol yield, and volumetric productivity of 12.3
+ 0.10 g/L, 0.43 g/g, and 0.26 g/L/h, respectively. In contrast, the monoculture of P. stipitis
resulted in 8.96 + 0.13 g/L, 0.36 g/g, and 0.19 g/L/h, respectively. The fermentation carried out
in microaerobic mode delivered 10.7% more ethanol concentration and 10.6% more ethanol

yield than the combination of anaerobic and microaerobic modes from glucose. Also, the
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Abstract

glucose uptake rate was improved by 50.1%, suggesting that the lower microaerophilic
condition was supportive for glucose conversion faster by yeast cells in the co-culture system.
Hence, co-culture cultivation in a microaerobic mode would be a better condition to achieve
maximum ethanol and productivity. At relatively higher concentration of mixed sugar substrate
(i.e., 40.0 g/L glucose and 20.0 g/L xylose), the sequential co-culture (combination of anaerobic
and microaerobic mode) resulted in a maximum ethanol concentration, yield, and its volumetric
productivity of 22.5 £ 1.15 g/L, 0.38 g/g, and 0.23 g/L/h. The sequential co-cultivation was
found to give 1.32-fold more ethanol and more xylose conversion, from 33% to almost 100%,
than the simultaneous co-culture. Despite achieving a higher ethanol concentration in
sequential co-culture, volumetric productivity and ethanol yield were still low. Therefore,
continuous cultivation was used. The continuous cultivation resulted in the ethanol volumetric
productivity of 0.29 g/L/h, 0.58 g/L/h, and 0.71 g/L/h, and yield coefficient of 0.33 g/g, 0.45
g/g, and 0.47 g/g from 30.0 g/L, 45.0 g/L, and 60.0 g/L mixed sugar substrate, containing
glucose to xylose ratio of 2:1 at 0.03 h* dilution rate. Continuous mode improved the ethanol
productivity and yield by 3.08-fold and 1.24-fold, respectively, compared to sequential co-
culture, which was further increased using a high dilution rate with cell recycling mode. The
maximum volumetric productivity of 3.28 g/L/h was attended at a 0.13 h*! dilution rate,
corresponds to 69.5% xylose consumption and 100% glucose consumption through continuous
mode with a cell recirculation system. The lower dilution rate, 0.08 h*! resulted in 93.1% xylose
consumption and 1.96 g/L/h volumetric productivity. The continuous mode with cell recycles
at 0.13 h* dilution rate improved productivity by 4.60-fold compared to continuous mode
without cell recycling from 40.0 g/L glucose and 20.0 g/L xylose. The ethanol concentration
and yield resulting from this condition were 25.2 g/L and 0.47 g/g, respectively. These findings
represented the membrane bioreactor as a potential tool to make the bioethanol production

process economic from mixed sugar substrate.
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Initial biomass concentration (g/L)

Xylitol yield co-efficient (g/g)

Final xylitol concentration (g/L)

Initial xylitol concentration (g/L)

Initial xylose concentration (g/L)

Final xylose concentration (g/L)

Ethanol yield co-efficient for glucose (g/g)

Initial glucose concentration (g/L)

Final glucose concentration (g/L)

Ethanol yield co-efficient for xylose(g/g)

Fermentation efficiency
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List of Symbols and Abbreviations

Yris ()

Yris (m)

Qr

Ts

To

I'sGlu

I's xyl

um

°C

kDa

g/L

g/L/h

Experimental observed yield co-efficient (g/g)
Maximum theoretical yield co-efficient (g/g)
Volumetric ethanol productivity (g/L/h)
Final time (h)

Initial time (h)

Glucose consumption rate (g/L/h)

Xylose consumption rate (g/L/h)

Dilution rate

Flow rate

Volume

Specific growth rate

Micrometer

Degree centigrade

Temperature

Kilodalton

Hour

Gram

Liter

Gram per liter

Gram per liter per hour
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List of Symbols and Abbreviations

a/g Gram per gram

DCW Dry cell weight

mM Millimolar

M Molar

mL Milliliter

min Minute

mL/min Milliliter per minute

rpm Revolution per minute

vvm Volume per volume per minute
psi Pounds per square inch

~ Approximately

% Percentage

nm Nanometer

ht Per hour

viv Volume per volume

YPD Yeast extract peptone dextrose

YPX Yeast extract peptone xylose

GYP Glucose yeast extract peptone

XYP Xylose yeast extract peptone

LGXYP Low glucose and xylose yeast extract peptone
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List of Symbols and Abbreviations

HGXYP

CGYP

CXYP

XYPA

LGXYPA

HGXYPA

BGYPA

BXYPA

HCI

H2S04

NaOH

MgSO4

CaCl»

NaCl

(NH4)2S04

KH2PO4

High glucose and xylose yeast extract peptone

Chemostat glucose yeast extract peptone

Chemostat xylose yeast extract peptone

Xylose yeast extract peptone ammonium sulfate

Low glucose and xylose yeast extract peptone ammonium sulfate

High glucose and xylose yeast extract peptone ammonium sulfate

Batch glucose yeast extract peptone ammonium sulfate

Batch xylose yeast extract peptone ammonium sulfate

Hydrochloric acid

Sulfuric acid

Sodium hydroxide

Magnesium sulfate

Calcium chloride

Sodium chloride

Ammonium sulfate

Potassium dihydrogen phosphate
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