A Saccharification Study on Various Non-Food Biomasses

for Fermentation to Ethanol

by

Nur ‘Amirah Binti Hassan

Dissertation submitted in partial fulfilment of
the requirements for the
Bachelor of Engineering (Hons)

(Chemical Engineering)

SEPTEMBER 2012

Universiti Teknologi PETRONAS
Bandar Seri Iskandar
31750 Tronoh

Perak Darul Ridzuan



CERTIFICATION OF APPROVAL

A Saccharification Study on Various Non-Food Biomasses

for Fermentation to Ethanol

by

Nur ‘Amirah Binti Hassan

A project dissertation submitted to the
Chemical Engineering Programme
Universiti Teknologi PETRONAS

in partial fulfillment of the requirement for the
BACHELOR OF ENGINEERING (Hons)

(CHEMICAL ENGINEERING)

Approved by,

(Dr Shuhaimi Bin Mahadzir)

UNIVERSITI TEKNOLOGI PETRONAS
TRONOH, PERAK

September 2012



CERTIFICATION OF ORIGINALITY

This is to certify that | am responsible for the work submitted in this project, that the
original work is my own except as specified in the references and acknowledgements,
and that the original work contained herein have not been undertaken or done by
unspecified sources or persons.

NUR ‘AMIRAH BINTI HASSAN



ACKNOWLEDGEMENT

Bismillahirrahmanirrahim

Praise is to Allah, The Most Gracious and The Most Merciful for His endless blessings

throughout life and the success He granted along this project.

Author’s grateful thanks go to her parents and friends that give her endlessly support
during the learning process and progression of the project. Their supports in believing
the author to complete the project are very much appreciated.

The special thank goes to her supervisor, Dr Shuhaimi b Mahadzir (Chemical
Engineering Department) who found time in a very busy schedule to supervise, assist
and monitor the author’s progress. His passion inspired me. The author also deeply
grates for his advice, opinion, encouragement and patience throughout the duration of
this project. The support he has given as an expatriate in a predominantly while doing

this project.

The appreciation is also extended to Mr Asnizam (Technologist, Block 3), Mr Khairul
Hafizan (Technologist, Block 3) and technichians of Chemical Engineering Department
for their attention and time. The author have very much benefited from their professional

assistance and advices.

Last but not least, endless thanks to those who helped author directly or indirectly for
their guidance, sharing and support throughout the entire two semesters. Their help are

highly appreciated.

Hopefully this project will be a great contribution to the industry and the society.



ABSTRACT

Nowadays, biomass is an increasingly popular source for alternative energy. Ethanol is
one of the alternative renewable fuels made from various plant materials. It can be made
out of feedstock through a chemical process known as fermentation which is either from
starch-based crop or cellulosic materials. This study is conducted to ferment cellulosic
material which is quite challenging in term of structural wall compared to starch-based
material. Glutinous rice is starch-based material while thatch, palm oil frond, and banana
branch are used as cellulosic materials. The cell structure of starch-based and cellulosic
materials are different which cellulosic material composed of molecule called
lignocelluloses (cellulose, hemicelluloses and lignin). Due to this structure, several pre-
treatment processes are investigated to break down lignocellulose into glucose chains.
The processes used are thermal composition, microwave, and ultrasound. Refractometer
is used to test the concentration of ethanol from the fermentation process. The sample of
fermentation contains ethanol when its refractive index is in range of 1.3357 to 1.3642.
Glutinous rice undergoes rapid fermentation day by day and produces 57.6% and 82.0%
ethanol by using thermal and ultrasound, respectively. It shows that banana branch and
palm oil frond have potential beside glutinous rice because it gives out 18.9% ethanol by
thermal composition and 20.7% by ultrasound technique, respectively. Furthermore,
ultrasound technique should be further studied as it shows good performance of

fermentation compares to other techniques.
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CHAPTER 1
INTRODUCTION

1.1 Background

Ethanol, C;HsO or C,HsOH also called ethyl alcohol or grain alcohol is one of alcohol
group and one of the most popular biofuels currently. It can be made out of feedstock
through a chemical process known as ethanol fermentation. Any sugars which it has
three types; glucose, fructose and sucrose convert into cellular energy can produce
ethanol. Ethanol fermentation is anaerobic reaction because yeast performs the

conversion in the absence of oxygen.

Fermentation is a natural process and the oldest chemical process that human used to
make products such as wine, several type of food; cheese and tapai, flavoring,
pharmaceuticals, and chemicals. It can also produce fuels. Therefore, fermentation is a
metabolic process in which an organism converts a carbohydrate into an alcohol or an
acid. There are three types of raw materials that can be used to make ethanol via
fermentation; sugars, starches (need to be hydrolyzed to fermentable sugars by enzyme)
and cellulose. Once simple sugars are formed, yeast enzymes can easily ferment them to

ethanol.

Almost any plant-based material can be ethanol feedstock. All plants contain sugars, and
these sugars can be fermented to make ethanol in a process called biochemical
conversion. Even plant-based wastes can be made into ethanol for example thatch,
banana branch and palm oil frond. Furthermore, nearly all ethanol derived from starch
and sugar-based feedstock. Corn is the leading U.S. crop and serves as the feedstock for
most domestic ethanol production. Small amounts of wheat, coco and sugarcane are used
although the economics of these are not as favorable as corn. The Renewable Fuel
Standard limits to 15 billion gallons production of ethanol from starch-based feedstock
to ensure sufficient feedstock to meet demand in livestock feed, human food and export
market. Therefore, we move on to cellulosic feedstock which are non-food based

feedstock.



Cellulosic ethanol is a biofuel produced from wood, grasses, waste, or the inedible parts
of plants. This biofuel derived from lignocelluloses, a structural material in plant which
consists mainly of cellulose, hemicelluloses and lignin. Example of the major biomass
materials being studied today are Panicum virgatum (switchgras), Miscanthus, corn
stover, and wood chips.

Making ethanol from cellulosic feedstock is more challenging than using starch-based
crops. One of the main pathways to produce cellulosic ethanol is biochemical. The
biochemical process involves a pretreatment to release hemicelluloses sugars followed
by hydrolysis to break cellulose into sugars. Sugars are fermented into ethanol and lignin
is recovered and used to produce energy. Therefore, a further study needed to investigate
the possible technique to break the cell wall of cellulosic materials.

Ethanol produced from non-food based feedstock is expected to improve energy balance
of ethanol. This is due to non-food-based feedstock are anticipated to require less fossil
fuel energy to produce ethanol. Biomass used to power the process of converting non-
food-based feedstock into cellulosic ethanol is also expected to reduce the amount of
fossil fuel energy used in production. Another advantage of cellulosic ethanol is it
produces lower levels of greenhouse gas emissions. Thus, recently we are looking

forward to use ethanol as the world’s primary fuel before gasoline.

Equipment is used to test the product of reaction. Present of ethanol is tested by using

refractometer which to check the present of ethanol and ethanol concentration produced.

1.2 Problem Statement

Recently, the fermentation of ethanol is widely used food-based as feedstock. Due to
food is one of the main consumption of human, there is a need to use non-food material
or cellulosic material as a feedstock. By finding other alternative of the feedstock, people
do not depend on food to produce biofuel which prevent any crisis of insufficient food
due to proactively producing fuel from food-based. Furthermore, a suitable technique

needs to investigate when dealing with cellulosic material due to its structural material of



cell wall. Breaking down of cell wall or lignocelluloses is required to have high

conversion of ethanol from the sugar inside cellulose.

1.3 Objectives
The objectives in this project are:
e To investigate different type of biomass feedstock for fermentation to ethanol

e To investigate the effect of different techniques to break the cell wall of

cellulosic material on the yield of ethanol

1.4 Scope of Study

In order to complete this project, several scope of study is in need to achieve. This
project will emphasize on the laboratory experiment on fermentation process of different
non-food biomass. The experiment needs to be conducted successfully to obtain useful
information regarding suitable technique of pre-treatment and which non-food biomass
can achieve a high ethanol production. Suitable method and approach is designed and

applied to conduct the experiment.

Apart from that, the project also covers the analysis on the finding of the experiments.
The study will perform calculation on percentage ethanol concentration produced by

their refractive index.



CHAPTER 2
LITERATURE REVIEW

2.1 Ethanol fermentation

Ethanol has been used since the dawn of civilization by the Arabs and Romans for
industrially used in perfurmes, cosmetics and medicine (Miller,1975). However,
nowadays ethanol is drastically produced to meet the demand of energy. Basically,
ethanol is produced by spontaneous fermentation of sugar. There are two main process
to produce ethanol which are fermentation and chemical synthesis. Fermentation is a
chemical process in which an organism converts carbohydrate (starch or sugar) to
alcohol or acid. On the other hand, the product of chemical synthesis is synthetic alcohol
which is produced from ethylene, obtained from petroleum and natural gas.

Ethanol production is directly related to the starch or sugars in the raw material.

Therefore, the conversion of starch and sugar to ethanol as showed below;

Equationl.:
Carbohydrate -> simple sugar + glucose

Equation 2:
CeH1206 (glucose) -> C,HsOH (ethanol) + CO, (carbon dioxide) + H,O(water)

Equation 1 is called pretreatment where the cell wall of materials needs to break down to
extract simple sugar and glucose inside. Equation 2 is fermentation of glucose to ethanol
and carbon dioxide and water are byproducts. Ethanol fermentation occurs in yeast
(Saccharomyces cerevisiae) cell and it is an anaerobic process because it performs in the
absence of oxygen. Saccharomyces cerevisiae acts as an enzyme to convert glucose to
ethanol. A process to break complex carbohydrate into simple sugar also known as

saccharification.

The fermentation occurs after 24 hours due to the bacterial population increases
exponentially or having rapid growth on log phase (H.L. Smith). Graph below shows the
bacteria growth curve of four different phases which is Saccharomyces cerevisiae acts as

bacteria.
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Figure 2.1: Bacterial growth curve

(Source: http://csirnetlifescienceden.blogspot.com/2012/08/bacterial-
growth.html#.UL_y2YNthOQ)

In lag phase, it is an initial period with no growth of increasing cell number but it is
metabolically active to repair cell damage and synthesize enzyme. The log phase is
where rapid growth of bacterial population occurs. Next phase is stationary which no
new growth of bacteria occurs. Lastly, is decline phase or also called death phase where

all-microbial cell going to die.
2.2 Fermentation from biomass

In United States, about 90% of industrial ethanol and beverage is produced from cereal
grains or from petroleum-based raw materials. Then, until 1929 all ethanol practically
prepared from grains, molasses and materials high in starch or sugar. Due to increment
of petroleum with much higher prices caused in interest for fermentation of natural
product for industrial ethanol (Miller, 1975).

Cellulosic ethanol, a fuel produced from the stalks and stems of plants is starting to take

root in the United States. Celunol, based in Cambridge, MA, broke ground on an ethanol
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plant in Louisiana that will be able to produce 1.4million gallons of the fuel each year
starting in 2008. A research done on profitable investments in cellulosic biofuels in US
and EU due to emergence of a cellulosic of a cellulosic ethanol industry is unlikely
without costly government subsidies, in part because of strong competition from
conventional ethanol and limits on ethanol blending (Bruce et al., 2010).

Much of the existing literature on the future of cellulosic biofuels has focused on
whether feedstock supplies will be sufficient to meet a given production target (Perlak et
al., 2005), or the relative attractiveness of alternative feedstock supplies (Khanna et al.,
2008). Industrial ethanol production has been reported using various starchy materials
such as corn, wheat, starch and potatoes, cassava root (Lindeman and Rocchiciolo 1979),
corn stover (Kadam and McMillan 2003; Wilke et al. 1981), and starch (Maisch et al.
1979). Among many starchy materials, cassava starch is an expensive fermentable
source. It is a tropical root crop produced in more than 80 countries (Sasson 1990).
Meyer (April 2010) found that by using sucrose more ethanol is produced compared to
using glcose but essentially more compared to using fructose and yeast does not work on

lactose.
2.3 Increasing ethanol production

Lazaros et al (1994) reported that ethanol yield can be increased by the delignified
cellulosic (DC) material which prepared from sawdust after lignin removal. Ethanol
production promoted by delignified cellulosic material is higher compare to absence of
DC material by using glucose or molasses (Lazaros, 1995).In order to correlate the rate
or extent of hydrolysis, it suggests a basic parameter which is the pore size distribution
of wet substrate and the associated surface area available to the cellulose that is the
major factor in determining the effectiveness of a pretreatment method. In addition, an
environmental factor such as temperature has been shown to influence the amount of cell
wall polysaccharides secreted into the fermenting medium (Guillioux-Benatier et al.,
1995; Rosi and Giovani, 2003). Mannoproteins derived from yeast cell walls have
attracted much attention in the winemaking world because of their reported contribution
to wine quality. Yeast cell wall polysaccharides also adsorb myotoxins, thus decreasing

their toxic effects and mediating their removal from the medium (Caridi, 2007; Kogan

6



and Kocher, 2007; Moruno et al., 2006). Al-Judaibi (2011) studied factors effect on
decreasing of ethanol production from beet Molasses by Saccharomyces cerevisae
CAIM13 and it showed four parameters involved which are cell concentration
(inoculums size) of yeast below 3.6x105 cells/100ml, ethanol tolerance on yeast up to
10% concentration, utilizing of bench-scale fermenter and a immobilized cell technique
can increase ethanol productivity.

While Helle (1991) showed alcohol effect on the respiration and fermentation of aerated
suspensions of baker’s yeast by using stopped-flow membrane inlet mass spectrometry.
Alkanol group increasing inhibition of anaerobic fermentation but was correlated with
increased partition coefficients into a hydrophobic milieu and it is due to alkanols act as
respiratory substrate as well as giving inhibitory effects.

2.4 Breaking of lignocellulose

Fundamental biological research was held by US Department of Energy on 2006 to
study breaking biological barriers to cellulosic ethanol by using genomics (John, 2006)
and the research still on going. Production of ethanol by fermentation from raw corn
starch by using the yeast Saccharomyes cerevisiae codisplaying Rhizopus oryzae
glucoamylase and Streptococces bovis a-amylase can be directly and efficiently obtained
using the C-terminal half region of a-agglutinin and the functional domain of Flolp as
the respective anchor protein (Hisayori, 2004). While on an industrial strain of
S.cerevisiae engineered for fermentation of lignocellulosic biomass to ethanol by
introduction of the genes encoding secreted cellulases into the yeast genome (Nikolai et
al., 2011).

Michelle (2011) studied a process to break down lignocellulose whereby all the
intermediate processes were conducted simultaneously while undergoing microbial yeast
fermentation under optimal condition which is 35°C, 40 g/L of glucose and a pH of 4.5.
The fermentation process was followed at a constant temperature of 35°C which was
found to be most suitable by Slaa, Gnode and Else (October 2009). Regarding type of
process, continuous fermentation employed for commercial ethanol production from

cane sugar and corn have higher volumetric productivity, reduced labor costs, reduced



vessel down time for cleaning and filling, reduce cost of overcoming the recalcitrance of
cellulosic biomass and can adapt fermentative organisms to inhibitors instead of using
batch process (Simone, 2009).

2.5 By using ultrasound wave and microwave

An ultrasound wave is a wave with frequency more than 20 kHz or above the range of
human hearing. Ultrasonic energy of high intensity is transmitted through liquid but
ineffectively through air (Sobberman, 2012).

Figure 2.2: Ultrasound wave is transferred through liquid.

(Source: http://www.elmulab.co.za/ultrasonic_bath.htm)

Figure 2.2 above shows how ultrasound wave works. Ultrasound wave uses principle of
mechanical vibration. Then, the oscillating system produces intense ultrasonic wave or
intense vibration. This condition is able to penetrate blind hole, crack, and cell wall of

cellulosic material as well.

Fermentation by ultrasound wave is applied at specific frequency, power level and time
interval to stimulate organism growth through cell division and protein synthesis. It
shows the increase in yield is due to ultrasound wave and is not due to mixing.
PLUSwave ; a type of technology use ultrasound wave, increases the ability of the yeast
Saccharomyces cerevisiae to ferment sugars to ethanol by 20% (Edmonton, 2012).
While W. Klomkieng and A.Ziad (2011) studied using ultrasound to assist fermentation
and enhance bioethanol productivity. Ethanol fermentation from molasses is enhanced

by using low-power ultrasonic in the range of 20-30 kHz which also reduces



fermentation time by 6-9 hours compares to control bioreactor (W. Klomkieng, 2011).
Moreover, intermittent sonication with 20kHz increases ethanol production in K.
marxianus at intensity 11.8W cm?within 10 to 25 hours (A.Ziad. 2011).

Microwave is an electromagnetic wave with frequency about 2.45 GHz. It is related to
basic properties of water molecules and microwaves itself. Water molecules are dipole
and in rotation when they expose to alternating electric field of electromagnetic wave.
Heat energy is produced when the agitated water molecules rub off with adjacent
molecules. The body will heat up faster if the water molecules are well distributed
(Villanueva J.C., 2009). Figure 2.3 below shows comparison of convection and

microwave heating.

ENERGY TRANSFER COMPARISON
CONVECTION HEATING MICROWAVE HEATING

350 C° atthe outer edge

200 C” atthe center

|
» Microvraves panetrate the material |
Heat is transferred molecule & create rapidly changing fields |
by moleckit frem the outside = Dipoles, such as vater, continually

react attempting to align in the field, 1l
which generates heat

|
+The heat is uniformly distributed |
throughout the material |

o2 - ¥
Over heating can occur on the outside @:g @:g @‘@ : @:@J

Figure 2.3: Principle of microwave and convection heating

(Source: http://chetoket.net/microwaves-and-how-they-work/)

Lj Mojoviv (2008) conducted a microwave-assisted liquefaction as a pretreatment of
corn meal using Saccharomyces cerevisae to increase maximum ethanol concentration.
His experiment showed that an optimal power of microwave should be used is 80W

within 5 minutes.



2.6 Potential in economics

Andrew (2000) examines the plant-scale economic viability of the anaerobic
fermentation of crude glycerol to ethanol by a hypothetical wild strain of Eschericia coli
which appear exceedingly favorable with IRR of 32.24% on 2009 and has little risk of
being unprofitable. An economic model is proposed by Robert to predict the cost of
producing ethanol from cellulosic biomass using technology of prehydrolysis,
simultaneous saccharification and co-fermentation, and cellulase enzyme production if a
plant were to be built in the next few years (Robert, 2009).
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CHAPTER 3
METHODOLOGY

3.1 Introduction

In this chapter, methodology used in the project will be discussed. This experimental
work is conducted at Reaction Engineering Laboratory. There are four samples used
which are glutinous rice, thatch, palm oil frond and banana branch. Techniques of pre-
treatment used are thermal transition, ultrasound and microwave. Furthermore, add
precursor (fermented glutinous rice) to the sample is also proposed to observe the rate of
fermentation. Then, refractometer is used to test the samples. Finally is Gantt chart to

show a systematic progress of this experiment.

3.2 Tools and equipment:
e Plastic container
e Beaker
e Conical flask
e Test tube
e Spatula
e Pipette
e Aluminum foil
e Thermometer
e Electronic Weight Balance
e Grinder
e Centrifuge
e Refractometer
e Oven
e Hot plate
e Ultrasound bath

e Microwave

11



3.3 Chemical and materials:

Ethanol 96% V/v
Distilled water
Saccharomyces cerevisiae
Glutinous rice

Thatch

Banana branch

Palm oil frond

3.4 Calibration of ethanol concentration

A calibration experiment of ethanol concentration is conducted with referring to

their refractive index. This calibration is as a reference to calculate the

concentration of ethanol in the sample.
3.4.1 Procedure

i.
ii.
iii.
iv.

V.

Measure 8ml of 96% EtOH in measuring cylinder.

Measure 2ml of distilled water in other measuring cylinder.

Mix EtOH and distilled water into test tube.

Take the reading of refractive index of the sample by using refractometer.
Repeat the experiment by using different ratio of EtOH and distilled

water.

Table 3.1: Ratio on ethanol and distilled water for calibration

EtOH (ml) Distilled water (ml)
10 (pure EtOH) 0
8 2
5 5
3 7
1 9
0 10 (pure distilled water)

12



3.5 Experiment and procedures
This section explains the experimental procedures which involve pretreatment

technique, fermentation and adding precursor. Figure 3.1 summarizes the

procedure for pretreatment and fermentation.
I

Sample: Glutinous rice, thatch,
palm oil frond, banana branch.

| Pre-reatment
process.
Thermal composition,
ultrasound, micorwave.
e

Analysis the Rl using
refractometer for ten days.

Figure 3.1: Procedure of pretreatment and fermentation.
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3.5.1 Pretreament technique
Pretreatment technique is a technique proposed to break the lignocellulose. Three
techniques used are thermal composition, ultrasound and microwave.
Procedure (thermal composition)
I.  Weight samples; glutinous rice, thatch, banana branch and palm oil frond.
ii.  Putthem in oven at temperature 60°C for three hours for drying.
iii.  The samples are grinded to smaller size by using grinder. (Figure 3.2)
iv.  Weight 509 each of the samples (Figure 3.3) and measure 100ml distilled

water. The ratio of sample to distilled water is 1 to 2.

v.  Mix the sample and distilled water respectively in the beaker. Wrapped
the beaker with aluminum foil.
vi.  Place the beaker on hot plate. Warm it at temperature 85 °C to 95°C for

25minutes. No stirring is allowed. (Figure 3.4)

vii.  Then, leave and cool at room temperature for one night.
Repeat the procedures except step (vi) for ultrasound and microwave.
Step (vi) for ultrasound.

e The sample is heated in ultrasound bath at 40-50 °C for 1 hour with
frequency 100Hz. This temperature is suitable with vibration from
ultrasound wave at this frequency and power level.

Step (vi) for microwave.
e The sample is put in microwave for 5minutes with medium low

heating.

3.5.2 Fermentation
i.  Weight 2.5g of Saccharomyces cerevisiae. (Figure 3.5)
ii.  Mix Saccharomyces cerevisiae with the sample. Stir it completely.
iii.  Weight samples of five equal weights and put in closed container. (Figure
3.6)
iv. Label each container with date (every two days) to test with

refractometer.

14



Vi.

Vii.

Centrifuge the sample for 10 minutes with speed 4500 rpm before test
with refractometer. (Figure 3.7)

Use pipette to take only liquid for refractive index test by using
refractometer. (Figure 3.8)

Record the data.

3.5.3 Adding precursor (fermented glutinous rice)

iv.

Vi.

Vii.

viil.

Xi.

viii.

Xii.

Weight samples; glutinous rice,thatch, banana branch and palm oil frond.
Put them in oven at temperature 60°C for three hours for drying.

The samples are grinded to smaller size by using grinder. (Figure 3.2)
Weight 50g each of the samples (Figure 3.3) and measure 100ml distilled
water. The ratio of sample to distilled water is 1 to 2.

Mix the sample and distilled water respectively in the beaker. Wrapped
the beaker with aluminum foil.

Put the beaker on hot plate. Warm it at temperature 85 °C to 95°C for
25minutes. No stirring is allowed. (Figure 3.4)

2.5 g fermented glutinous rice and Saccharomyces cerevisiae is prepared.
Mix fermented glutinous rice and Saccharomyces cerevisiae with the
sample. Stir it completely.

Weight samples of five equal weights and put in closed container. (Figure
3.6)

Label each container with date (every two days) to test with
refractometer.

Centrifuge the sample for 10 minutes with speed 4500 rpm before test
with refractometer. (Figure 3.7)

Use pipette to take only liquid for refractive index test by using
refractometer. (Figure 3.8)

Record the data.

15



Figure 3.4: Heat the sample on hot plate.
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REFRACTOMETER .
i e

Figure 3.8: Analyse the sample with refractometer.
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3.6 Gant Chart

No

Detail/Week

Selection of Project Topic: A
Saccharification Study on Various
Non-Food Biomass for

Preliminary Research Work:
Research on literatures related to the
topic

Submission of Preliminary Report

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Proposal Defense (Oral
Presentation)

Project work continues: Further
investigation on the project and do
modification if necessary

Experiment : Calibration of ethanol

Submission of Interim Draft Report

Submission of Interim Report

Experiment 1: Fermentation by
thermal composition

Mid sem break

10

Experiment 2: Fermentation by
ultrasound

11

Submission of Progress Report

12

Experiment 3: Fermentation by
microwave

13

Experiment 4: Fermentation by
adding precursor

14

Pre-SEDEX

Mid sem break

15

Analysis the result

16

Submission of Draft Report

17

Submission of Technical Report

18

Submission of Dissertation

19
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CHAPTER 4
RESULTS AND DISCUSSION

This section explains the result obtained from experiments. There are five sections of
results which are i)calibration of ethanol ii)thermal composition technique iii)ultrasound
technique iv)microwave technique and vi)adding precursor. Each technique has two
graphs for value of refractive index and ethanol concentration.

4.1 Calibration of ethanol concentration
Table 4.1 shows the refractive index from different ethanol concentration. The
sample used is in ratio of volume ethanol to distilled water (v/V).

Table 4.1 : Refractive index of ethanol

Sample (% v/V) RI
0% 1.3357
1% 1.3376
29% 1.3465
50% 1.3531
77% 1.3616
96% 1.3642

Refractive Index of Ethanol

1.3700

1.3650 y=0.03x +1.3371

2 _
1.3600 i 22
1.3550 /!/
1.3500 ;/
1.3450
1.3400
1.3350 ,/

1.3300

Refractive Index

0% 20% 40% 60% 80% 100%
Ethanol Concentration (%)

Figure 4.1: Refractive index of ethanol
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As showed in Figure 4.1, the refractive index is linear to ethanol concentration with

y=0.03x + 1.3371. This calibration is used to indicate the present of ethanol molecule on

the sample by calculating ethanol concentration (%). By having the refractive index of

the samples, the equation will calculate the ethanol concentration in percentage. At y-

intercept which is 1.3357 is pure distilled water and no ethanol present. The maximum

ethanol concentration (96%) is on 1.3642.Therefore, the samples will have ethanol if the
refractive index is between 1.3357 and 1.3642.

4.2 Thermal Composition

Thermal composition is where the sample is heated on hot plate at temperature 85°C to
90°C within 25 minutes. Table 4.2 shows the observation on their refractive index. The

data analysis is converted on two graphs which Figure 4.3 shows refractive index versus

days and Figure 4.4 shows the percentage of ethanol versus days after calibrating.

Table 4.2 : Thermal composition technique.

Banana Branch Thatch Palm Oil Fronds Glutinous rice

Day RI % EtOH RI % EtOH RI % EtOH RI % EtOH
N/A N/A Dried, no
Sample is Sample is effect on

3 moist. N/A moist. N/A N/A yeast. 1.349 38.69%
N/A N/A Dried, no
Sample is Sample is effect on

4 moist. N/A moist. N/A N/A yeast. 1.34901 38.72%
N/A Dried, no
Sample is effect on

5 1.34185 17.89% moist. N/A N/A yeast. 1.3539 52.95%
Dried, no
effect on

7 1.3421 18.62% 1.3354 0.00% N/A yeast. 1.3542 53.82%
Dried, no
effect on

10 1.3422 18.91% 1.3353 0.00% N/A yeast. 1.3555 57.60%
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Figure 4.2: Refractive index for thermal composition.
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Figure 4.3: Percentage of ethanol concentration for thermal composition.
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From the Figure 4.2 and 4.3, it showed that thatch and palm oil frond does not affect or
react with Saccharomyces cerevisiae (yeast).The thatch is moist but it insufficient to test
its refractive index. However, on the 7™ day the thatch is tested but no sign present of
ethanol due to its refractive index out of range. The palm oil frond dried and no
fermentation occurs and evens no effect on yeast. The fermentation of banana branch
gave out a small amount of ethanol a little bit late, on 5™ day with 17.89% till 18.91%. It
proves that thermal composition is able to break lignocellulose of banana branch and
extract glucose for fermentation. Yeast accelerates the fermentation of banana branch to
produce ethanol on last days. For glutinous rice as expected this traditional technique
able to ferment it to ethanol. Real fermentation happened after 48hours with initial
38.72% and at last it had 57.6% of ethanol.

In thermal composition, heat is transferred molecule by molecule from the outside.
Heating is well distributed into glutinous rice and a little on banana branch which cause
extraction of glucose for fermentation to occur. That is why these feedstocks give
reading on ethanol concentration at last. For thatch, thermal composition does not able to
penetrate the cell wall successfully, only moist. Their moist do not mean no fermentation
occurs, but it might have potential for fermentation because one of the products of
fermentation is water. Overheating can occur on the outside of molecule. Therefore,
palm oil frond undergoes overheating causes they dried and no effect on yeast.

Figure 4.4 showed the samples during fermentation when undergoes thermal

composition technique.

i\ ,f;’ V L
Figure 4.4: Samples on thermal technique (from left; glutinous rice, banana leaf, thatch,

palm oil)
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4.3 Ultrasound
For ultrasound technique, the sample is heated in ultrasound bath at 40-50 °C for 1

hour with frequency 100Hz. Table 4.3 shows the observation on their refractive

index of ultrasound technique. The data analysis is converted on two graphs which

Figure 4.5 shows refractive index versus days and Figure 4.6 shows the percentage

of ethanol versus days after calibrating.

Table 4.3: Ultrasound technique.

Day Banana branch Thatch Palm oil frond Glutinous rice
RI % EtOH RI % EtOH RI % EtOH RI % EtOH
2 N/A N/A N/A N/A N/A N/A N/A 0.00%
Sample is Dried, no Dried, no Sample is
moist. effect on effect on moist.
yeast. yeast.
4 N/A N/A N/A N/A N/A N/A 1.3479 36.86%
Sample is Dried, no Dried, no
moist. effect on effect on
yeast. yeast.
6 N/A N/A N/A N/A N/A N/A 1.3492 40.57%
Sample is Dried, no Dried, no
moist. effect on effect on
yeast. yeast.
8 1.3454 29.71% N/A N/A N/A N/A 1.3521 48.86%
Dried, no Dried, no
effect on effect on
yeast. yeast.
10 1.337 5.71% N/A N/A 1.3481 20.67% 1.3637 82.00%
Dried, no
effect on
yeast.
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Figure 4.5 : Refractive index for ultrasound.
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Figure 4.6 : Percentage of ethanol concentration for ultrasound.
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From Figure 4.5 and 4.6, it showed that thatch dried which did not affect either by
this technique or the Saccharomyces cerevisiae. However, banana branch and
palm oil frond did show the present of ethanol although not much as glutinous rice.
The performance of banana branch’s fermentation unstable due to the ethanol
concentration does not show increasingly day by day. At first the sample is moist
but on day 8, it showed 29.71% of ethanol and 5.71% of ethanol on day 10. While,
for palm oil frond on day 10 indicated 20.67% of ethanol production. Ten days
earlier the sample just dried which no fermentation occur. Glutinous rice gave the
highest production which is 82% ethanol compares to other samples. The
fermentation on glutinous rice is linearly increased by time.

It can conclude that, ultrasound technique has potential to break down the
lignocellulose of banana branch and palm oil frond in order to have glucose inside.
Moist on banana branch show the potential for fermentation to occur because one
of the product of this process is water. For glutinous rice, it showed efficiently
producing of ethanol in ten days. In ultrasound wave, the oscillating system causes
intense vibration and penetrates the lignocellulose of banana branch, palm oil
frond and glutinous rice with this range of frequency.

Figure 4.7 showed the sample during ultrasound technique is applied.

Figure 4.7 : Samples on ultrasound technique. (From left glutinous rice, thatch,
banana branch, palm oil frond)
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4.4 Microwave

The samples are put in microwave for 5 minutes with medium low heating. Table

4.4 shows the observation on their refractive index of microwave technique. The

data analysis is converted on two graphs which Figure 4.8 shows refractive index

versus days and Figure 4.9 shows the percentage of ethanol versus days after

calibrating.
Table 4.4: Microwave technique.
Day Banana branch Thatch Palm oil frond Glutinous rice
RI % EtOH RI % EtOH RI % EtOH RI % EtOH
2 N/A N/A N/A N/A N/A N/A  |Sampleis| N/A
Dried, no Dried, no Sample is moist.
effecton effect on moist.
yeast. yeast.
4 N/A N/A N/A N/A N/A N/A 1.3440 23.00%
Dried, no Dried, no Sample is
effecton effect on moist.
yeast. yeast.
6 N/A N/A N/A N/A N/A N/A 1.3461 | 30.00%
Dried, no Dried, no Sample is
effecton effecton moist.
yeast. yeast.
8 N/A N/A N/A N/A N/A N/A 1.3501 43.30%
Dried, no Dried, no Sample is
effecton effect on moist.
yeast. yeast.
10 N/A N/A N/A N/A N/A N/A 1.3602 | 77.00%
Dried, no Dried, no Sample is
effecton effecton moist.
yeast. yeast.
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Figure 4.8 : Refractive index of samples when undergo microwave.
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Figure 4.9 : Percentage of ethanol concentration for microwave.
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Figure 4.8 and 4.9 showed all banana branches and thatch has no effect either in term of
moisture or texture. The samples are dried till on the last days. However, palm oil frond
showed a little of moist which indicate fermentation might occur because water is
produced during fermentation. Unfortunately, the refractometer is not able read on this
moisture. On other hands, glutinous rice has positive feedback ethanol reading linearly
increased from 23% to 77% of ethanol from this fermentation.

It can conclude that, microwave technique is not success to break the lignocellulose wall
except for glutinous rice. Then, fermentation does not occur. Microwave technique
causes banana branch and thatch dried but moist for palm oil frond. Heat energy
produced in microwave is due to agitated water molecules rub off each other’s, thus the
samples dried out. The samples heat up faster when the water molecules are well
distributed. Then, due to dried samples, yeast does not react with them on dry medium.

Figure 4.10 showed the samples when undergo microwave technique.

~

Figure 4.10 : Samples on microwave technique. (from left; glutinous rice, banana
branch, thatch, palm oil frond)
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4.5 Adding precursor
A precursor is a chemical transformed into another compound and precedes the
chemical reaction. Fermented glutinous rice acts as a precursor for this experiment
and it is introduced to the sample. The present of precursor is to examine the rate
of fermentation of each sample. Pretreatment used is thermal composition where
the sample is heated on hot plate at temperature 85°C to 90°C within 25 minutes.
Table 4.5 shows the observation on their refractive index of microwave technique.
The data analysis is converted on two graphs which Figure 4.11 shows refractive
index versus days and Figure 4.12 shows the percentage of ethanol versus days
after calibrating.

Table 4.5 : Adding precursor technique.

Day Banana branch Thatch Palm oil frond Glutinous rice
RI % EtOH RI % EtOH RI % EtOH RI % EtOH
2 1.3357 0.00% N/A N/A
Sample is Dried, no
moist. effect on
N/A yeast. N/A 1.3491 | 38.98%
4 1.3357 0.00% N/A N/A
Sample is Dried, no
moist. effect on
N/A yeast. N/A 1.3521 47.71%
6 1.3417 17.45% N/A N/A
Sample is Dried, no
moist. effect on
N/A yeast. N/A 1.3539 | 52.95%
8 1.3419 | 18.04% 0.00% N/A
Dried, no
effect on
1.3357 yeast. N/A 1.3583 | 70.60%
10 1.3423 | 19.20% 0.00% N/A
Dried, no
effecton
1.3357 yeast. N/A 1.3592 | 73.67%
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Figure 4.11 : Refractive index when adding precursor.
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Figure 4.12: Percentage of ethanol concentration when adding precursor.
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Figure 4.11 and 4.12 showed thatch and palm oil frond did not affected on fermentation.
However, banana branch gives a little bit potential by producing 19.2% ethanol in ten
days but not much improve by adding precursor. It showed 1.5% increases compare if
not add precursor (18.91% ethanol refer to Figure 4.3). For glutinous rice, 73.67%
ethanol is produced when adding precursor compares to 57.6% when precursor is not
added. It showed increment of 21.8% ethanol. The adding precursor manipulates and
initiates faster growth of yeast, thus increases performance of yeast. It occurs only in

glutinous rice.

Figure 4.13 show the samples when undergo experiment of adding precursor.

Figure 4.13: Samples on adding precursor technique (from left; glutinous rice, banana
branch, thatch, palm oil)
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The fermented sample has potential in producing ethanol if the refractive index is
between 1.3357 and 1.3642 which is in range of distilled water and 96% ethanol. Based
on four pretreatments proposed, ultrasound bath gives more positive feedback because it
able to treat banana branch and palm oil frond to initiate ethanol production. By using
ultrasound bath, 29% and 20% of ethanol is produced from fermentation of banana
branch and palm oil frond respectively. Moreover, banana branch also show positively
production of ethanol by thermal composition because it gives out 19% of ethanol.
While, the best pretreatment for glutinous rice is using ultrasound bath because it

produces 82% ethanol compare to thermal composition (57%) and microwave (77%).
5.2 Recommendation

From this study, banana branch and palm oil frond are recommended for next potential
to replace glutinous rice as feedstock by studied various parameter of pretreatment. In
addition, further study needs to be focused on technique using ultrasound bath as it

capable to initiate good production of ethanol.
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Microwave

Model : PMW-20A

Voltage : 240 a.c. 50Hz

Rated power Input (Microwave) : 1250 W
Rated power Output (Microwave) : 800 W
Microwave frequency : 2450 MHz

Serial No. : A 9135 4659

Ultrasound bath
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Sarthon T - Handling and Storsge

Handling: Wash Boscug-ly aber handing. Use iy oo sel-m-binted e Sreons and Sons coriarens wias barfemog maa el Use spese-cma!
o g axpiamen proal egup—ent Avod conted wih spee, stn and cigthing. Emply caslanen mian srodudt e (hgud snd'or vazor end cem
o8 camparmul. KEap corlemar gty comes. Avod comaest wis hael moaren ees Uera. Semad mgeaton ang meaimden. De -of peesoros. eut sed
2rnam, soiom 2nil, grre, or ErIcam @—ol corimearn fn heet poeri or coen Sere

Boraga: Ssa reay b Sl spacta, aod fa—e. Sas ey oo scunc of ignibon. Qo o bghty o ot Rs o i s i
grgeng —wwnna 3w o opcon, dry saam-tinted meem maey From ceomeat o suseteees. Ferrrmsas-eran Do ol wisee maer caccsicening,
pampdes, theome: sod or nin: sod

Section & - Exposure Controls, Pereonal Protection

Sramical Marrsa f el ] el ] GHHA - Firl PELE GHHA - Veceind Pal
Esrmre 1081 porr: 1086 porn Tias 108 g Tk 3K mpm Tk
1800 mgi=d Tk 18 mg/md Toask THE =p'md TviA

48 porm 1IDLH

Enginsaring Sontnois: Liss sapicasssepooaf sentiste sgop—ent. Fackien siorng or udimng B —eters) shooid S8 scuiopes) st an apesans
ity and m abely dhowa L acecuate ganensl or cal et vanbinion D beep metemm tomcariaton Sekw e perTaEnshe sapcacne brda
Parscasl Protecties Egquiomant

Eyan: Ve sgzecaneis probecien spegianam o° chemicl anfely pog e e ceacrized oy D544 0 wye w-c feon croimcion reguisione n 5 ZFR
0. 148 or Evrgpewn Sance=2 ENTEA

LRt e I - R LTI L R

Siothing: Wasr soomoruts st Sottung i posvir? don posUw.

Baapiraiors: A acraiesy sroimches progrem Bad meats 08540 20 SRR 100001588 end ANSI 2EE D sequrermacta or Eurcoees Sa-cess BN 0 mu
a lodowms whanelr sectsiBcE SoNSEEE wESET B MESTEES cal

Section & - Fhyalcal and Chemlcal Properties

Paymical Stwie: Clanr hgud Boiling Poirt: 7' S

Apzamrares: Zozcan Freazing/Malting Poink -114.7"' ©

Sdor: id | i Dsoomoeiticn Temparstere: ot e nSe
pH: Mol meninsw Bolubikity: Macks

Yoper Prasmues: 203 mon g 300 Epacific GrweEp Denuity: 0150 & 2" 0
‘Wmpor Demaigy: 1.5 Molscular Formuie: SIS0+
Eeapomtion Ml Mol areiese Miclscular Weighs: 2805132

Wisconiy: 1300 P § 22°C

Sectlon 10 - Siahility and Reactvity

Shamical Slwsikty: SRabe unoer nomrel o pEcEionEn B0 EoEEELCEE

SondEione to Aroid: hiommattles i goScs IOUTEL. SI0ER1 SEEL OnSDETE

Incompeatibil tias s Othar Netari Brong cadang sgante. eocn, akal matals, emmonm, hpenanoe, plecaden, sodum. BoE EneydcEa,
cmitum hypochionia, cheomyl chionce, niroay perchionis, boomms pantsfucsoe, pachione sod, miver timte. mereuse nitsels, cobeEmom-lerd-
belomdn. megremuT pecchlonie. mod chiordes, sladmum, wanem eesfuorde, siver cede, iadne tepiloonde. moelyl Sromide, deutbery ddoonca,
Infrmtioroaiare s weksr, syl chionos, permEngEn e e, ruttaeee (V| cads, creyl paechiorie, potEEnLT S

Hazmrdous Dscomposition Froducts: Sarbon mensoda, -abng a-d e Lemas s gasen, carbes doads.

Huasrdous Podymaricstion: Wil nei ooz,

Sacthon 11 - Toxliogleal Information

Sarcincganiciy: AS5H A4 - hot Clannfasa an w Huren Serc-ogan
Erigarzii=gy: Ei=amal man sean phosn to peogduoe felslzasty - lve = eryn o0 daio ef nseeaioey s e . Poarets sapoaues o oafanel o masse-
miac wit m ddned cettemn of conganiel matlormeton St e colecetraly been termed e Yete) mioohel pyndeoma”

Tarwtogenicity: O-al Hu=an - sme—em: TOLs = 29 grofeg) [Femmie 27 wesid s | ater cocisbon| Efecta o Mawbe - Aoger scon [humen goiy|a-d
Edfpsty on Mawisom - oifar mmecsl —smnoan o a¥ec and E¥psty on Mawisom - drog depamcten

Baproducttes Bffect: mracten-e. Hu—an - seoe: TOle = 353 mglg erae 8 ceyla) poesrateg’ Factidy - ferae farkidy rcex (ag. 8 fermi
soagnE par & ape— cowdve leraee 8 ferae coeget g @ e meted

Masuroiogicity: M imfoermebon peninbie.

Mutegenicity: [MA Inhbdon: Horen, Lymohocya = 530 mmeil; Spogenete A-ayam Hu=an Lymprocis = 1183 gm

Harras, Fisroime = 108 o= Crlooenebe A-alpae: Sumas, Laskosde = 1 pesiTaH (Conbrucual; Saler Chometd Ex
eyt = 308 comTiH [Sonbnuou

Sylope-ais Anmyna:
ng: Harrain, Lymgho-

[H Fagw 14 Efpcion Datwe S35 2004
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Sacthon 11 - Toxllogieal Information (continued)

Othar Beudias: Sa-de Dreas TewtSo-, rebsd) = 31 mglded (Moce-nis’ Sa-ces= Dreas Test Ad—nat-abon réo e aps [resss = 350 mg
Savera

Sarthn 12 - Ecological Information

Envirenmanial Texiciky: Fon: Renses ot O3 = 1205015500 mgiL: 08 i Fow-teogh ) 34-24.3°C Rmnbow bout LES2 = 11250 mgll; M4 =
Frgasing [Unasssbed] ne: Poylcbstisnus choachanius: DS = 3200 moil: L3 =i Mcrotor i 34 pormdBhsipoidba™datia L Teah waler.
Envircnmantl: sl |- sates, wil voabian a-d probasly dagraca

Faymical: Yo i-lormeicn meninbia

Gthar: Not sapatied 0 bocorcentae n fah

Sectln 13 - Dispoeal Conslderatons

Cemrmcnl wnEs garaaisnn o ceber— e wheiter @ doeseses cewreenl o Smenbed e 0 maeerceon santa. U8 ERE poceimaa for e Sanndfenton
cetsrmoates e ated 0 S SRR Pace 3818 Adcrsormily, wante gaoeralonn —ont cormcl et and oon) MECETSSCl SRS CEGUEEETE i ETEare
camziain s socureis ceabonbon.

BEAL P-Serimm: Mo aimd

mERmA U-Herimn: Soow ems.

Section 14 - Tranaport Information

ud oo ¥ Ganade Tod
ERipping Marrm Edmm Edm-n
Huzmrd Slanm 5 S{8.1h
UK Furmzee LIt 1P WLAE L]
Packing Broup 1 1
Gthar FP1ac

Sacthon 15 - Requistory Information

U8 Fadura

TRCA: Safs 8418 o htes on Ha TEEA meeriey

Hanit® £ Andety RaporSing Link Sore of e chersan am o~ e Heat® L Saledy Rapest-g Lt

Shamical Tast Mulen: Morm of the coemaais in Fa greduct moe uncer o Soe—cel Tan! Ruia

Saction 12b: foma of S cha—ceis o iated u-des TAZA Bechon 135

TACA Signficars Mas Usa Mula: Mons of S com—ewin = o mdasel = o 8508 onder TEER

Eans

SERSLA Huawrdeun Substances and corrmmpending M Sone of a8 Sm—can n B malesal Saves an RO

EARA Bxction 107 Extramsaly Hazsrdous Bubsbences: Sone of e che—dah 0 B geodes? heve s TPO

Sana Soden: 248 & 82114 sovte, oo, Berreze

Saction 513 Mo chemecals mow reperiabie uncer Secion 111

Sman Air Ack- Tom rate-sl doan ned cordm ey SEoesoue o podcia-t Tho metsre) o ~of comten w-y S 1 Qeorm cezetoss. Tom ratesw

comi rot oxnims vy Clam 2 Dre-w depieion

Slann Water Act: Yone of e chescas 0 o srododd e laled ma HezeZous Sobetences wnowr B ZHA Hooe o! e cemca s n b produd ere
atad ma Pogridy Poilutasia onder B CHA Sone of e chemean n S procust e oated an Toas Podute-ta order e SV

SRHA: None of e chemesais n B prododt ame cosestenid Mgl heserdous by D8HA

ATATE: Evm-al can be bouncl on ta liowng staie ngt io o lete: Sakde—m, Maw Jacsex. Pencaytesr, Mrmasoie, Mesesc-um B

Thun sroduet conimr Elhesal, o charmcal inosn o Ba sile of Cabform 1o tause b Safechs or oftar sprecucies =

Suidorrun b Beornfear? Rak Lavet boom of e chamscain i 5o procuc? e It

Suropaan’intarnstional Regulstisng

Surepsmn Laksling in Aocordance sith BE Dirsciivan
Huzwrd Eymbois: F

Fimk Phrusms:

A 11 Highly lnmmata

Extuby Porasmn:

B T Kaan contmmer bgeby cossd

S & Faez corlerer oo wel -vmcbinies clece

B v Kmas wwwy oo scurcan of igndon - Mo smonng

533 Toa crecacionery masnuan sge it ptebs dacha-gme

[T Fazw 14 Efpctom Datas SN0
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Section 15 - Reguiatory Informasion {confinued)

WiSK [Watw DesgarProbacton): Cafa do

Sanmde - CELIRCEL: Saa 20t 1Y o faded or Cammce's DEL Lot

Sanmdn - vHME: Tha procuct tee o WIS canfomton of B2 Dos

Sanadion Ingredisnt Disciosurs Lisk SA5E 82118 g imted on Sarmcw's Ingrecer Decicaors Lat

Erpoaurs Limis: SA38 84-17-% OEL-ALETRAL AT 1000 porm (1800 opi=®l OEL-BELGILUNRTWA 1008 oo (1888 mg/md); DEL-

ERES HORLOARLE-THE 1050 LETEL 308 mghri OEL-DENMARS-TVER 10 ppm (1500 =gimlE OEL-FRMLAMDETAA 1058 pp= (1000 mg
mAETEL 13 cp= (3408 mgimdt DEL-FRANEETWA 1008 pom [ 1808 mpimdTETEL 5080 po; OFL -SERMANYTWA 10008 pom (1000 mgimij;
DEL-SLMEAAY-TWA 1000 mgimBETEL 3508 mgimi&: DEL-THE METHERLANDE-THA, 1000 pern [1550 mgixli; OEL-THE PHLIPPINES-T#A, 1050
porn {0 mgi=y DEL-POLAKNT-TAR 1500 mg/mi DEL-FUBRIASTEL w500 mgimd: OEL-SWEDENTWE 2500 spm (1088 mgim3E OEL-
EATTEERLAND-TVA 2500 com (1808 mgimdE OEL-THALAMD-TWA 1080 porm (1550 mgi=d; OEL-TURKEYTWA. 1008 poo 18008 mgimd); OEL-
USITED KinGDost T 1500 com (Rl =gi= Jarel OFL 1N BULSARS, SOU0WRLe, JORDEN, KOREA check ASGEH TUY OEL M SEW

Saction 16 - Addithonal Information

MEDE Creatian Dae: D872372004

The normafor abcve @ baleved io be accureie erd ecrwientn e Sa! nformeior cumest) poedabie o cn. Aoeever, we ke o semdy of

o e b |- BTy it wWETeA Ty, e o7 mahas, Wit reioes! [ sk information, and e ko oo dekdty eauing o i use. Ui
ahould makw oW immaigeieot (2 dalerning P dulablify of e inb oo b e parlcuiir purroael. i no e € BEE Schmidic
Ly bndin o @y chalo, ik, o demraged = iy S pady or e doif orefith o sy ioeci, nciest, ncidanisl, comingus r ATy -
agai, howacwws a-eg, mwr f VEE GEE Soipndfic Anr bewn adtvaed of e porndA fy of sost damaget
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