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CHAPTER |

Introduction

1.1 Background

Our world had a main energy was fossil fuel but the problem of depletion and
environmental pollution caused of research and development of alternative energy.
Bioethanol is one of alternative energy that produce by microorganism. The 1st
generation of bioethanol produce from agricultural product such as sugarcane, corn
and cassava. As it is food, it cause limited feedstock then next generation of ethanol
production was produced from agroindustrial waste such as molasses and cassava
waste pulp, agricultural waste such as rice straw and corn stover and other
lignocellulosic biomass. (Naik, Goud, Rout, & Dalai, 2010)

Molasses is a waste from sugar factory. It is a famous substrate for ethanol
fermentation because it was easily used by no need pretreatment or hydrolysis process
(Hatano et al., 2009) and also contain high sucrose and nutrient which important for
growth and fermentation. However, addition of some nutrients can increase efficiency
of ethanol production from molasses such as magnesium sulfate and manganese(ll)
chloride could increase activity of invertase enzyme in ethanol process of yeast strain
X2180-1B (Takeshige & Ouchi, 1995) and urea, magnesium sulfate and soybean flour
also could increase ethanol production from molasses by Saccharomyces bayanus
because urea and soybean flour are nitrogen source for yeast and magnesium ion is
coenzyme in ethanol fermentation pathway (Pradeep & Reddy, 2010).

Cassava waste pulp (CWP) is waste from cassava starch industry that have
waste volume in Thailand around 7 million tons per year (Deeprasert, Boonmunma,
Boottongmol, Chinchoedwong, & Loha, 2011). Its compositions are 50.0% (w/w)
starch, 5.3% (w/w) protein and 35.9% (w/w) lignocellulosic fiber that can use as
mushroom cultivation material, fertilizer or animal feed. Due to low protein content, it
is not used as feed. So, cassava waste pulp is still remain and emiss unpleasant odor

from fermentation of microorganism. In 2010, Thongchul et al. reported using of



cassava waste pulp as substrates for lactic and ethanol production by Rhizopus oryzae
and found acid hydrolysate gave the higher reducing sugar than enzymatic
hydrolysate. Both acid and enzymatic hydrolysate could be use as substrate for the
ethanol production with out difference in ethanol yield but the maximum glucose
concentration liberated from cassava waste pulp hydrolysis has only 10% (w/v) that is
not break even for ethanol production which usually use around 16-24% (w/v).
However, their hydrolysate also contains some nutrient for yeast and low nitrogen
composition  that encourage ethanol production more than  growth
(Danbamrongtrakool, Tungcharoen, & Parakulsuksatid, 2014).

Therefore, we interested in using cassava waste pulp as supplement in
ethanolic molasses fermentation. This partial replacement of molasses with cassava
waste pulp reduces production cost and also reduces molasses demand.

1.2 Objectives

1. Comparison of CWP-acid hydrolysate and CWP- enzymatic hydrolysate on
ethanol production by Saccharomyces cerevisiae TISTR 5606 (SC 90).

2. Optimization of ethanol production from molasses-CWP hydrolysate mixture.



CHAPTER lI

Literature review

2.1 Molasses

Molasses (Figure 1) is by product from sugar production which start from
extraction of sugarcane by crusher rollers then separate baggage out from juice. The
juice was clearified by add calcium oxide (lime) and heat for precipitate insoluble
substance. Clearified juice was concentrated by vacuum evaporation for remove water
around 70% out. At this point, clearified juice was changed to syrup that will be
continue to crystallization at vacuum pan. The syrup was evaporated until saturated
point and get dense mixture of syrup and sugar crystals, called massecuite.
Massecuite was centrifuged to separate sugar crystals (Figure 2). The waste from
centrifugation is the molasses that is viscous syrup and dark brown color.

Figure 1 Molasses
(Patil, Premalatha, Rao, & Ganavi, 2013)
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2.2 Molasses as substrate for ethanol production

Molasses is a popular substrate in ethanol industry because it is a cheap
substrate, not require pretreatment process and has high fermentable sugar content is
sucrose 30-40% (w/w), glucose 4-9% (w/w) and fructose 5-12% (w/w) (Figure 3). In
addition, it also contains protein, vitamin (riboflavin, thiamine and biotin) and
minerals (K, Ca, Na, Mg, Cu, Fe, Mn, Zn, ClI and S) which essential for microbial
fermentation (Chotineeranat et al., 2010). Although, molasses has a lot of nutrient, it
can increse ethanol production by addition of other nutrients such as urea, MgSO, and

soybean flour (Pradeep & Reddy, 2010).
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OH | H HO
o 2 CH,0H
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: y H HO
H OH
H CH,OH
OH OH OH H
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Figure 3 Sugar structure (A.) Sucrose (B.) Glucose (C.) Fructose
(Cui, 2005)



2.3 Cassava waste pulp

Cassava is a third major crop product in Thailand. It has cultivation area
around 1 million hectares that can produce cassava root about 16 million tons per year
(Office of the national economic and social development board, 2006). 60% of
cassava root was used in cassava starch industry by start from wash cassava root then
cut and rasp to small piece and extract starch (Figure 4). Cassava waste pulp was
remained after extraction step around 83% which generated greater than 7 million
tons per year. This waste can use for feed or fertilizer but it can not use all waste
because low quality of cassava waste pulp which contain high of starch (50.0%(w/w
dry pulp)) and lignocellulose (35.9%(w/w dry pulp)) but low protein content
(5.3%(w/w dry pulp)) (Thongchul, Navankasattusas, & Yang, 2010). Its microbial

fermentation causes unpleasant odor emission.
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2.4 Cassava waste pulp as substrate for ethanol production

From the major composition of cassava waste pulp, starch and lignocellulose,

it can use as substrate for ethanol production after hydrolysis.
2.4.1 Starch (Sriroth & Piyachomkwan, 2007)

2.4.1.1 Starch composition and structure

Starch ((CgH100s),) is carbohydrate consist of a lot of glucose that
have two structures are 15-20% linear amylose and 80-85% branched amylopectin.
Amylose was joined by al—4glycosidic bonds (Figure 5) and amylopectin joined by
al—4glycosidic bonds in linear section and a1—6 glycosidic bonds in branch section

(Figure 6).

4) linkage

CHQO\ CHQOH CH, OH CHQOH

Figure 5 Structure and linkage of amylose
(Cui, 2005)
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Figure 6 Structure and linkage of amylopectin

(Cui, 2005)



2.4.1.2 Starch hydrolysis

It can change to monosaccharide by two methods are acid and

enzymatic hydrolysis.

2.4.1.2.1 Acid hydrolysis

Acid such as HCI, H,CO3, H,SO, and HNO3 can hydrolyse
starch by H" ion release from acid in high temperature condition and
break glycosidic bound. Efficiency of hydrolysis is up to acid
concentratration, type of acid, time and temperature. Suitable condition

will be give high released sugar and low inhibitor.

2.4.1.2.2 Enzymatic hydrolysis

Starch enzymatic hydrolysis has two steps are liquefaction and
saccharification

2.4.1.2.2.1 Liquefaction

Starch was hydrolysed to gelatinization at 60- 70°C and
was hydrolysed a1 —4glycosidic bonds of amylose and amylopectin by
alpha- amylase enzyme at 100- 105°C. Viscosity of gelatinization was

decreased. Maltodextrin and polysaccharide are products of this step.

2.4.1.2.2.2 Saccharification

Glucoamylase hydrolyses al—4 and al—6 glycosidic
bonds of maltodextrin and polysaccharide to glucose at 60°C. Glucose

in this step is used as substrate.



2.4.2 Lignocellulose

2.4.2.1 Lignocellulose composition and structure (Punnapayak &
Prasongsuk, 2015)

Lignocellulose, major component of cell wall, which is the most
abundant raw material on the world. Its structure composed of cellulose,

hemicellulose and lignin which is very strong structure (Figure 7).

Cellulose

Cellulose Bundles

Figure 7 Lignocellulose composition
(Gnansounou & Dauriat, 2005)
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2.4.2.1.1 Cellulose

Cellulose (30-60%, w/w dry weight) consisted of unbranched
glucose polymer was linked by Bl1—4glycosidic bonds (Figure 8).
Besides, It has vander waals forces and hydrogen bound link between

each glucan in crystalline structure. Hence, it is strong and difficult to

disruption.
g : OH : ;
--"HO =) -*HO OH -
A -0
“'HQ on----o—-v TUHQ OH---0—

Figure 8 Cellulose structure
(Fu etal., 2015)

2.4.2.1.2 Hemicellulose

Hemicellulose (20-40%, w/w dry weight) presents along with
cellulose in cell wall. It can not dissolve in water but it easy dissolve in
strong base. Hemicellulose has major sugar as hexose (Carbon 6 atom)
; B-D-galactopyranose, B-D-glucopyranose and [-D-mannopyranose;
and pentose (Carbon 5 atom), a-L-arabinopyranose, B-D-xylopyranose
and a-L-arabinofuranose. Its backbone sugar is linked by 1—4 bound
(Figure 9).
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Figure 9 Hemicellulose structure
(Fu et al., 2015)

2.4.2.1.3 Lignin

Lignin (15-25%, w/w dry weight) is outer component of
lignocellulose. It makes fiber strong and protects cell wall from
chemical and biological degradation because it is hydrophobic and

complex structure of phenyl propane unit (Figure 10).

H3CO
O gh\
s OH
H;CO B OH
(8 ‘ >

~ O OcH,

\_/
0O

H
o _\OC 3 Oi
OH
oL HO =
Q=
L/
HaCO Od 0 _H,;CO

H3CO'\\_/

Figure 10 Lignin structure
(Fu et al., 2015)
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2.4.2.2 Lignocellulose hydrolysis (Ruangviriyachai & Niwaswong,
2012)

Lignocellulose can be easily hydrolysed to fermentable sugar after
pretreatment.

2.4.2.2.1 Pretreatment

Pretreatment is the first step to increase efficiency of hydrolysis
because it breaks complex structure or remove lignin from
hemicellulose and cellulose that obstruct hydrolysis (Figure 11). There
are 4 pretreatment methods.

Lignin
/ / Cellulose
‘e

\ Qo
° \ Ve
Pretreatment C V) é’ ((3.);

SN /

\Hemicellulose

Figure 11 Pretreatment of biomass
(Bhatia, Johri, & Ahmad, 2012)
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2.4.2.2.1.1 Physical pretreatment

This method breakdowns the structure by grinding or
cutting. It reduces lignocellulose size and increases surface area

of reaction.

2.4.2.2.1.2 Chemical pretreatment

This method breakdowns the structure by using acid or

base to remove lignin and hemicellulose.

2.4.2.2.1.3 Physico — chemical pretreatment

This method breakdowns the structure by using mixture
of physical and chemical method such as dilute base in high

temperature and pressure condition.

2.4.2.2.1.4 Biological pretreatment

This method breakdowns the structure by using enzyme
decrease lignocellulose crystal. This pretreatment is suitable for

enzymatic hydrolysis.

2.4.2.2.2 Hydrolysis

Hydrolysis is process which reduce polysaccharide size to five
and six carbon atoms of sugar such as xylose, mannose, arabinose and
glucose and cellulose. These monomer sugar can use as substrate for

microorganism.

2.4.2.2.2.1 Acid hydrolysis

Polysaccharide was hydrolysed by acid solution in high
temperature and pressure condition. Hydrolysate from this
hydrolysis must do neutralization before fermentation because
pH value not suitable for microorganism. This hydrolysis has
advantage is fast and convenient but it also has disadvantage is

formation of inhibitor compound such as 5-hydroxy-
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methylfurfural (HMF) (Inhibitor from cellulose), Furfural
(Inhibitor from hemicellulose) and Vanillin (Inhibitor from
lignin) (Hatano, Aoyagi, Miyakawa, Tanokura, & Kubota,
2013) (Figure 12). These inhibitor can effect to activity of
alcohol dehydrogenase (ADH), aldehyde dehydrogenase
(ALDH) and pyruvate dehydrogenase (PDH) in growth and
ethanol fermentation pathway (Modig, Lidén, & Taherzadeh,
2002) (Figure 13).

HO © 7 O
AR (WA
/r:}:\@
[ = ] “SOCH
Lo

Figure 12 Chemical structure of (A.) 5-hydroxy-methylfurfural (HMF), (B.) Furfural
and (C.) Vanillin
((A.) (Subramaniam, Zuo, Busch, & Venkitasubramanian, 2012)

(B.) (Danon, Marcotullio, & de Jong, 2014) and (C.) (Converti, Aliakbarian,
Dominguez, Vazquez, & Perego, 2010)



Glucose
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G}yceradehyde 3P

Pyruvate
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Ethanol
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Furfuryl alcohol

NADH
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.F NAD{P)H.KNADH

Acetate
e |
Acetyl-CoA
NADH
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Citrate
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Figure 13 Alcohol dehydrogenase (ADH), aldehyde dehydrogenase (ALDH) and

15

pyruvate dehydrogenase (PDH) in growth and ethanol fermentation pathway of yeast

(Modig et al., 2002)
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2.4.2.2.2.2 Enzymatic hydrolysis

Cellulose was hydrolysed by cellulase enzyme consist
of endoglucanase, exoglucanase (CBH) and [-glucosidase.
Amorphous  cellulose was random  hydrolysed by
endoglucanase then exoglucanase hydrolyse end of amorphous
or crystalline cellulose to oligomers or cellobiose and B-
glucosidase simultaneously hydrolyse cellobiose to glucose.
(Goyal, Ghosh, & Eveleigh, 1991) (Figure 14)

CCLLULASE ENZYMES
Ceystolline -, __‘___ﬂ___....-—‘Amar_plmus
Raglons ——— Akl A — Regions
A ENDO-B-GLUCANASE, Cx, CMCase
S
Pt
- Ly
l A :" A 4
B. EX0-B-CGLUCANASE, €y, Avicelase
Xt Xs
‘\ -
— ~— T e
A
/ »
Cx/Cq
By
E— — v ., —
. -/A,-‘ - .’:_-
./.,r"]'-’. - '
P S p-GLUCOSIDASE
i — e . n
GLLUCQSE

Figure 14 Action of cellulase enzyme

(Agriculture and Consumer Protection, 2016 : online)
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2.5 Ethanol production

Ethanol can produce from both of chemical and biological methods.

2.5.1 Hydration of ethylene

This is chemical production which produce from ethylene by hydration
(Figure 15).

H H T T
N\ rd He
c=C. + HO —— H—C—C—H
H/ \H | |
H OH
Ethylene Water Ethanol

Figure 15 Hydration of ethylene
(Ball, Hill, & Scott, 2016 : online)

2.5.2 Fermentation

This is biological production that produce from fermentable sugar of
agricultural product or agricultural waste by yeast or some bacteria. These
microorganism transfer fermentable sugar to glycolysis pathway (Embden-Meyerhof-
Parnas pathway) for converse to pyruvate and metabolize to ethanol in anaerobic
condition by alcohol dehydrogenase and aldehyde dehydrogenase enzyme.
(Punnapayak & Prasongsuk, 2015) (Figure 13)
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2.6 Microorganism for ethanol production

Ethanol can produce from microorganism that can converse fermentable sugar
in substrate to ethanol such as bacteria, fungi and yeast. Ng et al. (1981) reported that
co-culture of bacteria was Clostridium thermohydrosulfuricum and C. thermocellum
could produce high ethanol and acetate higher than monoculture. Fujio et al. (1985)
studied ethanol production from raw cassava starch by fungi was Rhizopus koji in a
gas circulation type fermentor and found Rhizopus koji could produce ethanol yield
reached 83.5-72.3% of the theoretical yield and Najafpour et al. (2004) reported
Saccharomyces cerevisiae (yeast) in an immobilized cell reactor could produce
ethanol higher than batch fermentation was 33.6%. However, yeast especially
Saccharomyces cerevisiae (Figure 16) is a famous microorganism which was used in

ethanol industry.

Figure 16 Saccharomyces cerevisiae under a microscope

(Saey, 2016 : online)
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2.7 Affecting condition of ethanol fermentation

2.7.1 Temperature

Suitable temperature greatly lead to desirable growth and ethanol production
because temperature affect to enzyme activity, membrane turgidity, protein
denaturation, protein synthesis and membrane fluidity of yeast cell. (Limtong, 1997;
Tesfaw & Assefa, 2014)

2.7.2 pH

pH of medium affect to enzyme activity in growth and ethanol production.
Moreover, It can control contaminated microbe that disturb process and product. pH
adjustment is up to buffer capability of fermentation medium. If medium has low
buffer capability, pH was adjusted to 5.5. On the other hand, pH was adjusted to 4.5-
4.7 in high buffer capability. (Limtong, 1997)

2.7.3 Initial sugar concentration

Sugar is substrate of yeast for growth and ethanol fermentation. High sugar
concentration has advantage was inhibit undesirable microbe and give high ethanol
production but it also has disadvantage from over concentration that affect to yeast
cell. Over concentration has osmotic pressture which force cell plasmolysis and
enzyme activity was inhibited (Limtong, 1997). Saccharomyces cerevisiae was
studied effect of glucose concentrations on ethanol production and found ethanol
production in YPD medium (various glucose concentrations at 74, 120, 170, 220, and
270 g/L) at 220 g/l glucose concentration gave highest ethanol production was 85.87
g/L at 40°C, 150 rpm agitation (Wilaithup, Laemsak, Sirisansaneeyakul,
Vanichsriratana, & Parakulsuksatid, 2013).
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2.7.4 Supplement

Supplement can enhance growth and ethanol production but it should has
suitable concentration. Yeast extract and (NH4).SO,4 are nitrogen source of yeast
which must has suitable concentration in fermentation medium because over nitrogen
concentration lead to growth more than ethanol fermentation (Thongchul et al., 2010).
Moreover, yeast need many nutrient for increase activity such as Potassium (Na*/K*
ATP pump), Magnesium (increase Hexokinase & Invertase activity, against ethanol
stress and increase sugar conversion), cupper (coenzyme of cytochrome C oxidase in
oxidative phosphorylation), calcium (against ethanol stress and increase sugar
conversion), zinc (coenzyme of alcohol dehydrogenase and increase sugar
conversion) and manganese (increase pyruvate carboxylase and Invertase activity)

(Pereira, Guimaraes, Teixeira, & Domingues, 2010).

2.7.5 Ethanol concentration

High ethanol concentration in fermentation broth affect to yeast cell because
ethanol can inhibit RNA and protein synthesis, denature protein, decrease efficacy of
cell membrane (lipid aggregate) and decrease dehydrogenase and hexokinase activity
(Limtong, 1997). Therefore, fermentation medium was adjusted initial sugar
concentration for suitable ethanol production or yeast was increased ethanol tolerance
limit by strain improvement such as expression of TPS1 Gene in Saccharomyces sp.
WO enhances trehalose accumulation. Trehalose is Non-reducing disaccharide that

can protects cells against various stress conditions (Cao, Chi, Liu, & Chi, 2014).

2.7.6 Carbon dioxide concentration

Carbon dioxide effect to yeast cell in both of anaerobic and aerobic condition.
It change capability of cell membrane and pH of fermentation medium (carbon
dioxide dissolve in the fermentation medium). However, Its stress can reduce by relief

in saturated copper sulfate (antibiotic) (Limtong, 1997).
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2.8 Improvement of ethanol production by Immobilization

Immobilization is a improvement method of ethanol production because it
increase surface area for cell adsorption and can protect cell from stress such as sugar
concentration, ethanol concentration, carbon dioxide concentration, inhibitor and
shearing force (Tesfaw & Assefa, 2014). Immobilizing substrate can be divided into
two types are synthetic substrate such as photocrosslinkable resin beads which was
reported that ethanol production of immobilized Saccharomyces cerevisiae cells on
photocrosslinkable resin beads give higher than free cell in repreated batch
fermentation (120 hours, 5 batches) (Watanabe et al., 2012) and natural substrate such
as palm pressed fiber (Figure 17) which was reported that ethanol production of
immobilized Candida shehatae TISTR5843 on palm press fiber can produce ethanol
higher than free cell in both of batch and repreat batch (96 hours, 4 batches) (Riansa-

ngawong, Suwansaard, & Prasertsan, 2012).

Figure 17 Immobilized cells on delignified small palm press fiber (1500 X)
(Riansa-ngawong et al., 2012)
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CHAPTER Il

MATERIALS AND METHODS

3.1 MATERIALS

3.1.1 Microorganism

Saccharomyces cerevisiae TISTR 5606 (SC 90) was received from Thailand

Institute of Science and Technology

3.1.2 Casava waste pulp (CWP)

Cassava waste pulp (CWP) collected from Sa-nguan Wong Industry Co., Ltd.,
Nakhon Rachasima province, Thailand was kept at —20°C and thawn at room

temperature before use.

3.1.3 Molasses

Molasses was collected from Khonburi Sugar Co., Ltd., Nakhon Rachasima

province, Thailand. It was kept at 4°C until use.

3.1.4 Enzymes

Cellulase (Accellerase™1500; 2500 CMC U/g and 650 pNPG U/g), Alpha-
amylase (Spezyme alpha; 13,775 AAU/g) and glucoamylase (GC 147; 580 TGAU/g)
(Genencor, Danisco US Inc., USA.) were a gift from Thai Alcohol Co., Ltd.,

Nakhonpathom province, Thailand.
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3.1.5 Equipment

3.1.5.1 -20°C Freezer: model MDF-U536D, Sanyo Electric Biomedical Co.,
Ltd., Japan.

3.1.5.2 -80°C Freezer: model MDF-U71V, Sanyo Electric Biomedical Co.,
Ltd., Japan.

3.1.5.3 Autoclaves: model SS-325, Tomy and model HV-28, Hirayama
Manufacturing Corp., Japan.

3.1.5.4 Fermentor: model MDL-8C, B.E., Marubishi Co., Ltd., Japan.

3.1.5.5 Gas chromatography (GC): model GC 2010, Shimadzu Corp., Japan.

3.1.5.6 Hot air oven: model UE 600, Memmert GmbH + Co.KG, Germany.

3.1.5.7 High speed centrifuge: model 1920, Kubota Corp., Japan.

3.1.5.8 Incubator: model INE500, Memmert GmbH + Co.KG, Germany.

3.1.5.9 Incubator shaker: model Innova 4330, New Brunswick Scientific Co.,
Inc., U.S.A.

3.1.5.10 Laminar flow: model V6, Lab service Ltd., Thailand.

3.1.5.11 Magnetic stirrer: Model 502P-2, Thermolyne Corp., U.S.A.

3.1.5.12 Micropipette, Eppendrof (Thailand) Co., Ltd., Thailand.

3.1.5.13 Microscope: model CH30RF200, Olympus Corp., Japan.

3.1.5.14 Microwave: model R-311, Sharp Corp., Japan.

3.1.5.15 pH meter: model Seven Easy, Mettler Toledo Ltd., Switzerland.

3.1.5.16 Precision balance: model PG6002-S and AG285, Mettler Toledo Ltd.,
Switzerland.

3.1.5.17 Refrigerated centrifuge: Allegra 25R, Beckman coulter, Inc, USA.

3.1.5.18 Spectrophotometer: model Genesys 10S UV-Vis, Thermo Fisher
Scientific Inc., USA.

3.1.5.19 Vortex mixer: model G560, Scientific Industries, Inc., USA.

3.1.5.20 Water bath shaker: model Gyromax 939XL, Amerex Instrument, Inc.,
USA and model SS40-D, Grant Instrument Ltd., UK.
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3.1.6 Chemicals (Analytical grade)

3.1.6.1 Agar, Becton, Dickinson and Company, USA.

3.1.6.2 Ammonuimmolybda tetetrahydrate ((NH4)sM07024-4H,0), Merck
Co., Ltd., Germany.

3.1.6.3 Ammonium sulphate ((NH,4),SO,), Merck Co., Ltd., Germany.

3.1.6.4 Bacto-peptone, Becton, Dickinson and Company, USA.

3.1.6.5 Copper (I1) sulfate pentahydrate (CuSO,4-5H,0), Merck Co., Ltd.,
Germany.

3.1.6.6 di-Sodium arsenate heptahydrate (Na,HAsO,4-7H,0), Sigma-Aldrich
Inc., USA.

3.1.6.7 di-Sodium hydrogen phosphate dodecahydrate (Na;HPO4-12H,0),
Merck Co., Ltd., Germany.

3.1.6.8 Glucose (CsH120g), Sigma-Aldrich Inc., USA.

3.1.6.9 Glycerol (C3HgO3), Merck Co., Ltd., Germany.

3.1.6.10 Hydrochloric acid (HCI), Sigma-Aldrich Inc., USA.

3.1.6.11 Magnesium sulphate heptahydrate (MgSO,4-7H,0), Sigma-Aldrich
Inc., USA.

3.1.6.12 Phenol (C¢HsOH), Merck Co., Ltd., Germany

3.1.6.13 Potassium dihydrogen phosphate (KH,PO,), Merck Co., Ltd.,
Germany.

3.1.6.14 Potassium sodium tartrate pentahydrate (KNaC4H4O45H,0), Merck
Co., Ltd., Germany.

3.1.6.15 Sodium hydroxide (NaOH), Merck Co., Ltd., Germany.

3.1.6.16 Sodium sulphate (Na;SO,), Merck Co., Ltd., Germany.

3.1.6.17 Sucrose (C12H22011), Merck Co., Ltd., Germany.

3.1.6.18 Sulfuric acid (H,SO,), Merck Co., Ltd., Germany.

3.1.6.19 Yeast extract, Becton, Dickinson and Company, USA.



25

3.2 METHODS

3.2.1 Various substrate loading of cassava waste pulp hydrolysis
3.2.1.1 Acid hydrolysis (Thongchul et al., 2010)

Cassava waste pulp in HCI solution (1g dry weight / 0.33g HCI) was
hydrolysed at 121°C for 15 min then filtered to remove solid residue. CWP-
acid hydrolysate (filtrate) was analysed for residual sugar by Somogyi-Nelson
method (Somogyi, 1952) for comparison of reducing sugar released from

various substrate loading level (10, 20 and 30%, w/v).
3.2.1.2 Enzymatic hydrolysis (Thongchul et al., 2010)

Cassava waste pulp suspended in deionized water (1 g dry weight / 4
ml deionized water) was autoclaved at 121°C for 15 min then hydrolysed by
cellulase (1.41 CMC U/g) at 50°C for 24 h, a-amylase (48 U/g) at 85°C for 1
h and glucoamylase (4.8 U/g) at 60°C for 3 h. Resultant cassava waste pulp
slurry (CWP-enzymatic hydrolysate containing solid residue of CWP) was
filtered and CWP-enzymatic hydrolysate was analysed for residual sugar.
CWP-enzymatic hydrolysate at 25 and 50% w/v substrate loading and

reducing sugar released was compared.

3.2.2 Comparison of ethanol production from CWP-acid and enzyme

hydrolysate

3.2.2.1 Inoculum preparation

Single colony of Saccharomyces cerevisiae TISTR 5606 (SC 90)
grown on YPD agar at 30°C for 48 h was inoculated into YPD broth and
incubated at 30°C, 200 rpm for 24 h. The culture was transferred at 1% (v/v)
to the same medium and incubated at the same condition for 18 h (late log
phase culture). Number of cell in the obtained culture was determined by
haemacytometer then centrifuged at 4°C, 8000 rpm for 15 min to precipitate

cells. Resultant cell pellet was used as inoculum.
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3.2.2.2 Fermentation medium preparation

The pH of CWP-acid or CWP-enzymatic hydrolysate was adjusted to
5.5 after adding 0.2% (w/v) (NH,).SO, then steriled by autoclaving at 110°C

for 10 min

3.2.2.3 Ethanol fermentation

The inoculum was inoculated into fermentation medium (final 10°
cells/ml) and incubated at 30°C, 100 rpm mixing, for 48 h under oxygen limit
condition.The oxygen limit condition was performed by capping the flask with
rubber stopper connected to air — lock containing saturated copper sulfate
solution. The ethanol produced in cell-free culture was analysed by Gas

chromatography (GC) after centrifugation at 4°C, 13,000 rpm for 10 min.

3.2.3 Effect of nutrients supplementation in molasses—CWP enzymatic

hydrolysate on ethanol production

Twenty six point one grams (26.10g) molasses containing 23.0% (w/v) total
sugar was dissolved in 100 ml of CWP-enzymatic hydrolysate containing 3.5% (w/v)
total sugar. Then the molasses—CWP enzymatic hydrolysate was supplemented with
nutrients, ( 0.2% (NH,4),SO4, 0.2% KH,PO,4, 0.075% MgSO,.7H,0 and 1% yeast
extract (w/v)) as shown in Table 1 adjusted pH to 5.5 and autoclaved at 110°C for 10
min. The supplemented molasses—-CWP enzymatic hydrolysate was fermented to

ethanol and analysed for ethanol produced as described in 3.7.3.

Table 1 Nutrients supplementation in molasses—CWP enzymatic hydrolysate

Medium No.
Supplements

(Wiv) 112 (3|4(5|6 (7|89 10|11 12|13 |14 15|16

0.2% (NH,4),SO,4 + -+ |+ |+ [+ |+ +]- |- |- |- |+ |- |- |-
0.2% KH,PO, + |+ -+ |+ ]+ - -+ |+ - - |- -+ -
0.075% MgSO4-H,O |+ |+ |+ |- |+ |- |+ |-+ |- [+ |- |- |+ |- |-
1% Yeast extract S S o S R A R O R I S M e o AT A A
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3.2.4 Effect of KH,PO,concentration in molasses—CWP enzymatic

hydrolysate on ethanol production

Molasses—CWP enzymatic hydrolysate was supplemented with various
concentration of KH,PO, (0, 0.2, 0.4, 0.6, 0.8 and 1%, w/v) and fermented to ethanol
as described in 3.7.3.

3.2.5 Effect of initial total sugar concentration in molasses—CWP

enzymatic hydrolysate on ethanol production

Molasses-CWP enzymatic hydrolysate at various initial total sugar (20.5, 22.5,
24.5 and 26.5%, w/v) was supplemented with 0.8% (w/v) KH,POy,, steriled at 110°C
for 10 min then fermented to ethanol. Centrifugation was performed to separate for

supernatant and analysed for ethanol produced.

3.2.6 Effect of CWP solid residue in molasses—CWP enzymatic

hydrolysate on ethanol production

The molasses—-CWP enzymatic hydrolysate (26.5% (w/v) initial total sugar)
containing 0.8% w/v KH,PO, and CWP solid residue at various concentration (0, 2.5,
3.0, 3.5 %, w/v) was fermented to ethanol for 48 hours. After centrifugation,

supernatant was analysed for ethanol produced.

3.2.7 Ethanol production at optimized condition in 5L fermentor

Optimized molasses—CWP enzymatic hydrolysate was fermented to ethanol in
5L fermentor at 30°C, 100 rpm agitation without aeration for 48 hours. Culture

obtained by centrifugation was analysed for ethanol produced.



28

CHAPTER IV

RESULTS AND DISCUSSION

4.1 Composition of cassava waste pulp

Major composition of cassava waste pulp (CWP) used in this study is shown
in Table 2. Sriroth (Sriroth, Chollakup, Chotineeranat, Piyachomkwan, & Oates,
2000), Thongchul (Thongchul et al., 2010), and Soewarno (Soewarno, Primarini, &
Sumaryono, 2012) reported that starch and protein content of CWP were 68.8, 50.0,
65.6% (w/w) and 1.6, 5.3, 3.1% (w/w), respectively. Since cassava waste pulp
contained high carbohydrate and low protein contents. Therefore, it is suitable for

ethanol production (Thongchul et al., 2010).

Table 2 Composition of cassava waste pulp

Components % (w/w)*
Starch 67.8
Fat 1.5
Protein 2.1
Ash 3.7

*Food research and testing laboratory (FRTL), Faculty of Science,
Chulalongkorn University
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4.2 Cassava waste pulp hydrolysis

4.2.1 Acid hydrolysis

Cassava waste pulp hydrolyzed by HCI gave highest reducing sugar (0.284 ¢
RS/g dry pulp) at 10% (w/v) substrate loading. Increasing of substrate loading to 20
and 30% (w/v) reduced reducing sugar yield to 0.269 and 0.209 (g RS/g dry pulp),
respectively (Figure 18).

0.350

0.300

0.250

Reducing sugar yield
(g RS/g Dry pulp)

0.050

0.000

20
Substrate loading (% (w/v))

Figure 18 Effect of substrate loading on reducing sugar yield from CWP- acid
hydrolysis
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4.2.2 Enzymatic hydrolysis

Cassava waste pulp (25% and 50%, w/v substrate loading) sequentially
hydrolysed by 3 enzymes; cellulase, a-amylase and glucoamylase; gave reducing
sugar 0.140 and 0.096 (g RS/g dry pulp), respectively (Figure 19).

Reducing sugar yield
(g RS/g Dry pulp)

25 50
Substrate loading (% (w/v))

Figure 19 Effect of substrate loading on reducing sugar yield from CWP-enzymatic
hydrolysis

Increasing of substrate loading reduced in liberation of reducing sugar from
both acid and enzymatic hydrolysis of cassava waste pulp. Higher substrate loading
reduced heat transfer during heat treatment (Fourier’s law) and reduced surface area
for substrate-enzyme/H" contact of both CWP- acid and enzymatic hydrolysis.
Moreover, an enzyme activity might be inhibited by product in CWP- enzymatic
hydrolysis.
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4.3 Comparison of ethanol production from CWP-acid and CWP-

enzymatic hydrolysate

CWP-acid and CWP-enzymatic hydrolysate obtained from the optimized
condition in 4.2 supplemented with 0.2% (w/v) (NH4),SO4 were fermented to ethanol
by Saccharomyces cerevisiae TISTR 5606 (SC 90). It was found that CWP-enzymatic
hydrolysate gave 62.42% higher ethanol than CWP-acid hydrolysate (Figure 20).
Acid hydrolysis of CWP might produced inhibitory compounds which inhibit enzyme
activity important for growth and ethanol fermentation of yeast in subsequent step
(Hatano et al., 2013; Modig et al., 2002).

Ethanol yield
(g Et/g RS)
o
g

Acid Enzymatic
Hydrolysate

Figure 20 Comparison of ethanol produced from CWP-acid and CWP-enzymatic
hydrolysate
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4.4 Chemical composition of CWP-enzymatic hydrolysate

Chemical composition of CWP—enzymatic hydrolysate obtained from the
optimized hydrolysis condition is shown in Table 3. It was found that the CWP-
enzymatic hydrolysate contained many nutrients required for yeast growth and
ethanol fermentation (Pradeep & Reddy, 2010; Takeshige & Ouchi, 1995). However,
fermentable sugar content was too low to be used as substrate for ethanol production.
Table 3 Chemical composition of CWP—enzymatic hydrolysate

Inorganic nutrients :

Nitrogen(N) Not detectable
Phosphorus(P) 6.82x107
Potassium(K) 1.67 x10%
Magnesium(Mg) 2.66x107
Trace elements :
Calcium(Ca) 1.79x10°®
Copper(Cu) < 3.60x10™
Zinc(Zn) 1.10x10™
Manganese(Mn) 1.20x10
Sugars :
Sucrose <0.10
Glucose 2.84
Fructose <0.10

" Specific gravity of CWP—enzymatic hydrolysate was 1.01.



4.5 Chemical composition of molasses

Chemical composition of molasses is shown in Table 4.

Table 4 Chemical composition of molasses

Inorganic nutrients :

Nitrogen(N) 3.00x10™

Phosphorus(P) 1.20x10™"

Potassium(K) 1.27

Magnesium(Mg) 2.30x10™
Trace elements :

Calcium(Ca) 0.68

Copper (Cu) < 3.60x10™

Zinc (Zn) 1.70x10™

Manganese (Mn) 4.43x107°
Sugars :

Sucrose 31.69

Glucose 8.73

Fructose 8.87
Volatile acid :

Acetic acid 1.00
Non-volatile acid :

Lactic acid 1.50

33

" Specific gravity of molasses was1.38.

The molasses was mixed with CWP-enzymatic hydrolysate to combine
nutrients and fermentable sugar content. The molasses-CWP enzymatic hydrolysate

mixture was fermented to ethanol by S.cerevisiae in further experiments.
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4.6 Effect of nutrients supplementation in molasses—CWP enzymatic

hydrolysate mixture on ethanol production

Molasses-CWP enzymatic hydrolysate supplemented with nutrients as shown
in Table 3.1 were fermented to ethanol. Addition of 0.2% (w/v) KH,PO, increased
maximum ethanol production from 5.90% (w/v) to 6.27% (w/v) (Figure 21). This
might due to molasses contained high concentration of Ca®* (0.68% (w/v)) as shown
in Table 4. In sugar production process, lime (CaO) is added to precipitate impurity of
sugarcane juice. Ca?* inhibited invertase enzyme (Chotineeranat et al., 2010). These
residual Ca?* form insoluble complex (Cas(PO.),) with phosphate which is necessary
for growth and metabolisms of yeast. (Chotineeranat et al., 2010; Takeshige & Ouchi,
1995). So, addition of KH,PO, decreased inhibitory effect of Ca** and supplied
nutrient (PO4>) for yeast.
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Figure 21 Effect of nutrients supplementation on ethanol production from molasses—
CWP enzymatic hydrolysate mixture
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4.7 Effect of KH,PO, concentration in molasses—CWP enzymatic

hydrolysate mixture on ethanol production

Fermentation of molasses-CWP enzymatic hydrolysate mixture contained
various concentration of KH,PO, showed that 0.8% (w/v) KH,PO, gave highest
ethanol (7.09% (w/v)) (Figure 22). Concentration of KH,PO, after binding with Ca?*

to form Caz(PO4), complex was 0.6% (w/v).
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Figure 22 Effect of KH,PO, concentration on ethanol production from molasses—
CWP enzymatic hydrolysate mixture
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4.8 Effect of initial total sugar concentration in molasses—CWP

enzymatic hydrolysate mixture on ethanol production

Fermentation of molasses—CWP enzymatic hydrolysate mixture supplemented
with 0.8% (w/v) KH,PO, at various initial total sugar concentration revealed that 24.5
% (w/v) and 26.5 % (w/v) initial total sugar gave same maximal ethanol 7.06 and
7.09% (w/v) but ethanol yield were 0.31 and 0.29 g/g TS, respectively (Figure 23).
Saccharomyces cerevisiae TISTR 5606 (SC 90) was under osmotic stress in 26.5%
(w/v) initial total sugar (Limtong, 1997). Initial total sugar 24.5% (w/v) was used in

next experiments.
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Figure 23 Effect of initial total sugar concentration on ethanol production from
molasses—CWP enzymatic hydrolysate mixture supplemented with 0.8% (w/v)
KH,PO,
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4.9 Effect of KH,PO,& NaH,PO, concentration in molasses—-CWP

enzymatic hydrolysate mixture on ethanol production

KH,PO, is compose of K* and PO,* which are both necessary for yeast in
process of Na'/K* ATP pump and synthesis of amino acid, nucleic acid, ATP and
phospholipid (Ljungdahl & Daignan-Fornier, 2012; Pereira et al., 2010). So, ethanol
production from molasses-CWP enzymatic hydrolysate mixture supplemented with
various concentration of KH,PO, or NaH,PO, was investigated to determine for key
supplement. It was found that maximum ethanol was obtained from molasses—CWP
enzymatic hydrolysate mixture supplemented with both 0.8% (w/v) KH,PO, and
0.8% (w/v) NaH,PQ,. The above maximum ethanol produced were almost same level
(Figure 24). So, PO,* was concluded as a key supplement for ethanol production
from molasses—-CWP enzymatic hydrolysate mixture. Concentration for required
PO,> supplementation depend on concentration of Ca®* in molasses because the Ca**

forms insoluble complex with PO,
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Figure 24 Effect of KH,PO4& NaH,PO,concentration on ethanol production from
molasses—CWP enzymatic hydrolysate mixture at 24.5% (w/v) initial total sugar



38

4.10 Effect of CWP solid residue in molasses—CWP enzymatic

hydrolysate mixture on ethanol production

CWP solid residue, 0, 2.5, 3.0 or 3.5% (w/v), was added into molasses—CWP
enzymatic hydrolysate mixture supplemented with 0.8% (w/v) KH,PO,, then
fermented to ethanol. It was found that in the presence of CWP solid residue, ethanol
production increased. This might due to the CWP solid residue protected yeast cells
from stresses such as ethanol toxicity, inhibitors and shearing force (Genisheva,
Mussatto, Oliveira, & Teixeira, 2010; Holcberg & Margalith, 1981; Razmovski &
Vucurovié, 2011). Addition of 3% (w/v) of CWP solid residue gave the highest
ethanol production at 7.44% (w/v) (Fig. 25). Addition of the CWP solid residue more

than 3.5% (w/v) might obstruct nutrient transfer to yeast cell.
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Figure 25 Effect of CWP solid residue on ethanol production from molasses—CWP
enzymatic hydrolysate mixture at 24.5% (w/v) initial total sugar supplemented with
0.8% (W/V) KH,PO4



39

At optimal ethanol fermentation condition of molasses—CWP enzymatic
hydrolysate mixture, highest ethanol production was 7.44% (w/v) and ethanol yield
was 0.32 g/g TS. The low ethanol yield obtained might be a result of acetic acid
contaminated in molasses. Acetic acid (>0.6% (w/v)) inhibited growth by increasing
of cytoplasm pH and inhibiting of aldolase and triosephosphate isomerase activities
(Narendranath, Thomas, & Ingledew, 2001). No fermentable sugars (glucose,
fructose and sucrose) was detected in residual sugar (1.93%, w/v).
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4.11 Ethanol production at the optimal condition in 5l fermentor

Fermentation of molasses—-CWP enzymatic hydrolysate mixture at 24.5%
(w/v) initial total sugar supplemented with 0.8% (w/v) KH,PO, was upscaled from
50ml flask to 5L fermentor. The highest ethanol production in 51 fermentor was
7.58% (w/v) (0.31 g/g TS) at 48h (Figure 26). Ethanol production and ethanol
productivity were 1.9% higher than in flask scale but ethanol yield was almost the

same (0.32 and 0.31 g/g TS) in flask and in 51 fermentor, respectively.
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Figure 26 Ethanol production from molasses—CWP enzymatic hydrolysate mixture
at 24.5% (w/v) initial total sugar supplemented with 0.8% (w/v) KH,POy, in 5l
fermentor
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CHAPTER V

Conclusions

Value addition of cassava waste pulp (CWP) was investigated by co-
fermentating with molasses. In this study, molasses (23.5%, w/v) was co-fermented
with CWP enzymatic hydrolysate which contained 3% (w/v) CWP solid residue,
24.5% (w/v) initial total sugar using Saccharomyces cerevisiae TISTR 5606 (SC 90).
Maximum ethanol produced at 48h was 7.44 and 7.58% (w/v) in flask and in 5I
fermentor, respectively. When 0.8% (w/v) KH,PO, was supplemented, ethanol
productivity in 51 fermentor was 1.9% higher than in flask. Advantage of the co-
fermentation was 1.) not necessary to add any nitrogen source, 2.) environmental
problem caused by CWP was resolved and 3.) reduction in requirement of

competitive substrate, molasses.
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APPENDIX

APPENDIX A

Culture medium

1. Yeast extract peptone dextrose agar (YPD agar)

Glucose 20
Peptone 20
Yeast extract 10
Agar 20

Distilled water 1000

g
g
g

g
ml

pH adjusted to 5.5 and steriled by autoclaving at 121°C for 15 min.

2. Yeast extract peptone dextrose broth (YPD broth)

Glucose 20
Peptone 20
Yeast extract 10

Distilled water 1000

g
9

g
ml

pH adjusted to 5.5 and steriled by autoclaving at 121°C for 15 min.

3. Fermentation medium

(NH,4)2SO4 2
KH,PO4 2
MgS0O,.7H,0 0.75
Yeast extract 10
Molasses X

CWP hydrolysate 1000

(up to initial sugar concentration)

pH adjusted to 5.5 and steriled by autoclaving at 110°C for 10 min.



46

APENDIX B
Reagents and analysis methods
1. Somogyi-Nelson method (Somogyi, 1952)
1.1 Somogyi-Nelson reagents

1.1.1 Alkaline copper reagent

Nay;HPO,4-12H,0 71 g
KNaC4H406-5H,0 40 g

1IN NaOH 100 ml

10% (w/v) CuSO4-5H,0 80 ml
(Dissolve 8 g CuSO4-5H,0 in 80 ml distilled water)
Na,SO4 180 g

*Adjust volume to 1000 ml by distilled water *

1.1.2 Nelson’s reagent

(NH4)sM070,4-4H,0 532 g
Conc. HySO4 21 ml

12% (w/v) NazHAsO,4-7H,0 50 ml
(Dissolve 6 g NazHAsO,47H,0 in 50 ml distilled
water)

*Adjust volume to 1000 ml by distilled water *
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1.2 Analysis method

1 ml sample (Blank : distilled water)
2
Add 1 ml Alkaline copper reagent
! Vortex
{4 Boil for 15 min.
4 Cool immediately
Add 1 ml Nelson reagent
! Vortex
{4 Incubate at RT for 30 min.
Add 5 ml distilled water
 Vortex
Measure the absorbance at 520 nm.
*Standard curve of Somogyi-Nelson method was prepared
from absorbance of 0, 20, 40, 60, 80, 100, 120, 150, 180 and 200pul/ml
glucose solution (glucose stock solution 1 mg/ml) plot against

concentration of glucose solution*

1.3 Standard curve of Somogyi-Nelson method

y=0.01x+0.0124 e
R*=0.9993
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Figure 27 Standard curve of Somogyi-Nelson method
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2. Phenol-sulfuric method (Dubois, 1958)

2.1 Phenol-sulfuric reagents

2.1.1 5% (w/v) Phenol
Phenol 5 g
Distilled water 100 ml

2.1.2 Conc. H,SO4
2.2 Analysis method

1 ml sample (Blank : distilled water)
2
Add 1ml 5% (w/v) Phenol
{ Vortex
Add 5 ml Conc. H,SO4
{ Incubate at RT for 30 min.
! Vortex
Measure the absorbance at 490 nm.
*Standard curve of Phenol-sulfuric method was prepared from
absorbance of 0, 20, 40, 60, 80, 100, 120, 150, 180 and 200ul/ml
sucrose solution (sucrose stock solution 1mg/ml) plot against

concentration of sucrose solution*
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Figure 28 Standard curve of Phenol-sulfuric method
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APPENDIX C

Cell counting

1. Cell counting with a hemocytometer
Clean both the hemocytometer and cover slip

!

Place the cover slip over counting surface

!

Load sample

!

Place on microscope stage
!
Adjust focus of counting grid

!
Count cell in each highlighted boxes

r /CI.L'M square mm

3 mm

faraanm rat

Figure 29 Counting grid of hemocytometer
(Brewer, 2016 : online)


http://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjL47XispLKAhXHto4KHcRmC1sQjRwIBw&url=http://microbebrewer.blogspot.com/2014/01/yeast-cell-counting-and-viabilty.html&psig=AFQjCNF9SdW8r6lWcWpfzQ7fb15cn0GiuA&ust=1452064426616818

2. Calculation

Volumn of a highlighted box = Width x Length x Depth
=0.2mm x 0.2 mm x 0.1 mm
= 4.0 x 103(mm)?
= 4.0 x 10°°ml

The average cell number = Cell number of five highlighted boxes

Number of highlighted boxes
= Acells
Cell concentration = Acells
4.0x 10°ml

o1
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