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The extraction of cassava starch using
polyoxyethelene sorbitan monocoleate (Tween 80) as
surfactant was investigated. The experiment was
conducted in a batch system. The study was divided into
two sections. In the first section, the amount of water
required for extraction of starch from cassava root and
the stirring time were wvaried to find optimum conditions.
Mass fraction of ligquid and dry selid (L/S ratio) were
varied at 10.5, 12.0,..13.5, 5.0, 16.5% 18.0, and 19.5,
respectively. The stirring time were varied between 2 to
14 minutes. In the sectnd section, effect of surfactant
on extraction gfstafch from cassava root was studied.
The parameters for extraction of starch were
concentration of tween B0 solution (0.25%wt, 1%wt, and
3%wt), stirring tdme (2 to-14 minutes) and the mass
fraction of lig@id/and dry-selid (10.5, 12.0, 13.5, and
15.0).

Results showed that extraction efficiency of starch
extraction increased with amount of water and stirring
time. The optimum gonditions for extraction of starch
were stirring time of 10 ‘minutes and the mass fraction of
liquid and dry solid (L/S ratie) of 15. Under these
conditions, the extraction efficiency was found to be
73%. Addition of polyexyethelene sorbitan monocleate
{Tween 80) at concentrations higher than the critical
micelle concentration -enhanced starch extraction
efficiency. 'The extraction efficiency inereased with the
increase L/S ratio and concentration of tween 80
solution.
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CHAPTER 1
INTRODUCT ION

The most important agricultural crops in Thailand
are rice, sugarcane and cassava. The production of
cassava roots was 18.16 million tones and the
planting area was 1.5 million hectares in 2003. About
two thirds of total root production is formerly
converted into chips and pellets and rest iIs used as
raw material in starch manufacturing. However, the
demand for chips and pellets is being deceasing,
while the production of cassava starch is iIncreasing.
The cassava roots generally contain a high starch
content and low quantity of impurities such as
protein and lipid. Thus, they were recognized as
suitable source of pure starch for a wide range of
applications. The cassava starch was used iIn many
industrial products both food and non-food, such as
sweetener textiles and paper iIndustries.

At the present, 9 to 10 million tones of the
cassava roots are converted to starch. There are now
52 starch factories registered at the Thai Tapioca
Flour Industries Trade Association, with a total
annual production of the cassava starch about 2
million tones. For the technology of starch
production, water iIs used as a solvent for extraction
and separation starch from other soluble impurities,
such as protein and minerals. The consumption of
water was varied from 25 to 30 m®/ton starch,
depending on the quality of water and processing
efficiency.

There are many study about the extraction of
starch. Siriwattanacharkul C. (1997) studied the
effect of water used iIn the extraction to dry solid
ratio (L/S ratio) on the efficiency of the cassava
starch extraction. He reported that the optimum L/S
ratio is 15:1 which was close to water consumption of
extractor using in industry. Thanont K. (2001)
studied effect of time on starch extraction from
cassava. He reported that the extraction efficiency
increases almost linearly with time. After 10
minutes, stirring time had not effect to extraction
efficiency because all starch was extracted.
Rittisang K. (2003) studied the extraction of starch



influence of varieties and harvesting ages of cassava
on the water usage in the extraction unit. She
reported that the extraction efficiency from Rayong-5
root was slightly higher than other varieties. The
optimum L/S ratio for starch extraction was 15:1 and
this ratio is suitable for all varieties and
harvesting ages of cassava root

In recent years, nonionic surfactant had a
important role in many application, such as
pharmaceutical technology, cosmetics, food products,
and chemical technology. Moreover, aqueous surfactant
solutions is use as alternative solvent system in the
extraction of chemical constituents from plants or
herbal materials.

There are many study for employing surfactant as
solvent for extraction both organic and nonorganic
substance. For example, Maggie P.K. and coworkers
(2003) studied extraction of ginsenoside from
medicinal plants using nonionic surfactant. They was
found that an aqueous solution contain a nonionic
surfactant at a concentration above i1ts critical
micelle concentration can increase the amount of
extracted ginsenosides from ginseng roots. Qun F.
(2000) studied an effect of solvent, such as water,
methanol and nonionic surfactant (Triton X-100) to
extract ginsenosides from Chinese herbal medicine.
She reported that using nontonic surfactant as
solvent yielded the fastest extraction kinetics and
the highest recovery the gisenosides, followed by
methanol and then water. Somwang P. (2001) used
polyoxyethylene sorbitan monooleate (Tween 80) as
solvent for extraction curcuminoids from tumeric. He
found that tween 80 i1s effective solvent for
curcuminoids extraction.

In this study, the extraction of starch from
cassava roots use the factory process simulation.
Water and surfactant are used as an extraction
solvent for starch extraction from cassava root. The
surfactant that is used iIn this experiment 1is
polyoxyethylene sorbitan monooleate (Tween 80). The
Interested parameters are stirring time, liquid and
dry solid ratio (L/S ratio), and concentration of the
surfactant. The stirring time are varied between 2 to
14 minutes. The L/S ratios used in this study at



10.5, 12.0, 13.5, 15.0, 16.5, 18.0, and 19.5. The
surfactant concentrations was used at 0%wt, O0.25%wt,
1%wt, and 3%wt.

The objective of this research i1s to study the
effectiveness of starch extraction using nonionic
surfactant (tween 80) as extraction solvent. It is
compared with conventional extraction solvent (water
extraction) iIn various experimental parameters, such
as stirring time, L/S ratio, and concentration of the
surfactant.



CHAPTER 11
LITERATURE REVIEWS

2.1 Cassava

Cassava i1s common name for any of several related
plants native to tropical regions iIn the Americas.
Cassava i1s the West Indian name; manioc, or mandioc,
Is the Brazilian name; and juca, or yucca, is used in
other parts of South America. The plant grows in a
bushy form, up to 2.4 m (8 ft) tall. The roots are up
to 8 cm (3”) thick and 91 cm (36”) long. The roots
contain from 20 to 32% of starch.

Figure 2.1 Cassava plant (Sriroth, K. 2003)

Due to cassava 1s an excellent source of
carbohydrates, low In vitamins and some minerals.
Cassava can be very important for industrial use. The
starch has unique properties such as a high viscosity
and a resistance to freezing. The taste i1s neutral
and does not change in the process. There is a wide
variety of using tapioca iIn soups and sauces, 1In
puddings instead of gelatin in bakery products as
flour.

In Thailand, cassava is produced in_large scale
and most of 1t iIs exported widely in the world.
Cassava has entered the modern market economy and
there i1s a growing demand for its use iIn processed
food and feed products. Dried cassava i1s used as
animal feed and cassava starch i1s used for normal
food products and for specialty markets, such as baby
food, non-allergenic products and food for
hospitalized persons. Cassava starch can be modified
to provide characteristics that are required for more
specialized food and industrial products. Moreover,



modified cassava starch can be used for the
production of alcohol, starch for sizing paper and
textiles, glues, sweeteners such as dextin, glucose
and fructose syrup.

2.2 Starch

Starch i1s one of major components of cereal
grains. It is a reserve carbohydrate found
principally in the seeds, roots, tubers, fruits, and
sometimes in the pith of plant. The major sources
plant of commercial starch in Thailand is rice and
cassava. The starch obtain from these plant sources
as a fine powder (granular starch). It occurs as very
small water-insoluble granules, usually associated
with proteins, fats, and inorganic salts. The
granules vary in shape and size ranging from about 1
to 100 um in diameter depending on the sourses. For
cassava starch, the size of the granule ranges from 5
to 35 pm.

Chemistry of starch

Starch 1s composed of carbon, hydrogen and oxygen
in the ratio of 6:10:5 as an empirical formular of
CeH1005. It 1s a condensation polymer of glucose.
Starch i1s composed of 2 types of polysaccharide
molecules, one amylose, an essantially linear
polymer; and amylopectin, a highly branched polymer.
In natural starch, these molecules are closely
associated iIn structured microscopic granules.
Cassava starch, amylose content typically lies within
the range of 16-25% relative to amylopectin.

Amylose
Amylose is the linear polymer of glucose units

with Alpha, 1-4 glucosidic linkage. The average chain
length varied between 100-10,000 glucose molecules.
It 1s minor component, typically ranging from 20%-
30%, ©1ts molecular weight is about 0.2 to 2 millions.
For cassava starch, the amylose content is about 16.5
to 22%.

CH,OH CH,OH CH,OH CH,OH

(0] 0] O 0]
OH OH OH OH
- (0] (0] O --



Amylopectin

Amylopectin is the branched polymer molecule
consisting of short linear amylose chains (Alpha, 1-4
glucosidic linkage) connected to each other by Alpha,
1-6 glucosidic linkage. Each amylopectin molecule
contains up to 2 million glucoses. The molecular
weight of amylopectin is about 100-400 millions, but
the average chain length 1s only 20-30

glucosemolecules.
CH,OH
\ /
R 720
o \/\ OH \
CH,0OH CH,OH CHZO CH,OH

[ S S

Starch molecules have a multitude of hydroxyl
groups impart hydrophilic to starch. In addition to
their affinity Tor water, these hydroxyl groups also
tend to attract each other, forming hydrogen bonds.
The linear amylose molecules can readily align
themselvesn next to each other and form interchain
hydrogen bonds through the hydroxyl groups. When
sufficient interchain hydrogen bonds are formed, the
individual amylose molecules are associated to from
molecular aggregates with reduced hydration capacity
and hence lower solubility.

Starch properties

Starch i1s a bright white color. Starch pH should
fall within the range of pH 4-7 for edible starch and
high quality cassava starch is typically within the
range of 6.3-6.5. Flow properties are measured by the
amount of powdered starch that will pass through a
sieve within a determined time period. High flow
rates indicate higher quality and low flow rates
indicate a high moisture content or lumpiness. Starch
granules vary insize; for cassava, the range is from
5 to 35 um. Granule shape can be determined by
viewing under a scanning electron microscope. Cassava
starch granules are mainly round, with a flattened
surface on one side containing a conical pit.



Molecular weight i1s determined by the amylopectin
content, and the ratio between amylose and
amylopectin i1s an important basic characteristic that
affects starch performance. All of these parameters
are used to classify starch Into grades that relate
to quality, price, and application.

2.3 Methods of starch extraction from cassava

Starch extraction from the cassava roots has 5
main stages: preparation rasping/pulping,
purification, dewatering and drying, and finising.
Critical factor in this case is age, planting area,
and harvest time which the optimum harvest time is 12
months. For great extraction processes, fresh cassava
roots need to be processed within 2-3 day.

Washing and peeling

The roots are conveyed to the sand removal unit
for removing sand, soil and outer peel. The unit is a
rotating drum that is partially immersed in a water
bath. The roots inside the rotating drum are washed
by a series of paddle arms or a spiral brush. About
1.6 cubic meters per ton of water are sprayed onto
the roots to remove any dirt. The clean roots are
conveyed to the root chopper which they are chopped
into smaller pieces with large cutting blades.

Rasping and pulping

Rasping 1s the important stage iIn the process. The
chopped roots are taken to a rasper to grind a fine
mash or slurry. The tuber cells are broken down and
the starch granules are released. During rasping, 0.4
m*/ton of water is added to facilitate the process.
The rasper consists of a rotating drum of about 40 to
50 centimeters diameter and 30 to 50 centimeters long
drum with longitudinally arranged saw tooth blades iIn
grooved Mills around the circumference. A linear
velocity of 25 m/sec is maintained (about 1000 rpm)
the blades have 8 to 10 blades per centimeter.

Starch extraction

The concentrated pulp is mixed with fresh water
In a counter current direction before it Is going to
the extraction stage. The main purpose is to separate
out the starch granule from the large fibrous
cellulosic components. Starch is extracted from the
fiber and pulp by centrifugal force with water as an



extraction solvent. The simple extractor is round
basket rotating at 600 to 800 rpm (continuous
perforated-busket centrifuge).

The extractors are rotating centrifugal sieve
cones with 60 to 80 mesh sieve for coarse extraction
or cloth with 90 to 120 meshes in the subsequent fine
extraction. The smaller starch granules pass through
the screens while the larger fiber flow down the
screen and are separated continuously. Water 1is
sprayed on the pulp help good separation and reduces
loss of starch in the fiber. The pulp leaving the
extractor is dewatered by pressing and after drying
used as animal feed. The amount of pulp will be
around 6 to 10 kilograms for each 100 kilograms of
fresh root. The crude starch milk leaving the fine
screens have a concentration of 3°Be which is about

54 kg dry starch per md.

Separation

The starch slurry from fine extractors is
purified and concentrated by removing the fine fiber
that passed through the sieves In a separator.
Generally, the two phase nozzle type separation
machine is used. This method utilizes centrifugal
force created by rotating the machine at about 3,000
rpm. The slurry entering from the bottom of the
machine i1Is separated into two phases: the heavy phase
(concentrated starch slurry) and light phase (clear
water with impursties). Many factories have installed
two sets of separators. The concentration of the
starch slurry is increased to 19-20°Be (about 40%
starch by weight).

The starch slurry from the separators i1s pumped
to a dewatering centrifuge. With Tilter cloth placed
inside it, rotates at about 1,000 rpm to remove water
from the starch slurry. The starch cake scraped off
the machine by workers which has a moisture content
of 35-40 percent.

Drying

The starch cake is passed by a screw conveyor to
a pneumatic flash dryer. In this unit, evaporation
takes place using hot air at 170 to 200°C. The drying
iIs completed In a very shot time iIn order to get a
fine starch powder and prevent swelling of starch



granules. A burner is generally used to generate
heat. Today, there are two types of burners: hot air
burners and thermo-oil boilers. The dried starch is
sifted to prevent the larger granules of starch iIn
the product. The sifted starch i1s packaged In sacks.

In the modern starch producing plants in Thailand
about 0.20-0.22 tons of starch are produced from 1
ton of tapioca roots (65 to 70 percent of
efficiency).

2.4. Water System

Water i1s used as a solvent to extract the starch
and separate it from other soluble Impurities, such
as protien, minerals, as well as other suspended
materials. The consumption of water varies from 15 to
30 m¥/ton starch that depend on the availability of
water and the efficiency of the waste water
treatment.

Table 2.1 The water supply Tor each step of cassava
starch extraction industries(Sriroth K.).

Productighjsiage (m?’/\/\ftl)tne I;rsélzjs%p Irxtl)ot)
Washing and peeling 1.6
Rasping and pulping 0.4

Starch extraction 5.8 — 6.0

Separation 3.2
Drying -
Totle 11'—11.2
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Figure 2.2 Flow diagram of cassava starch
manufacturing process

Siriwattanachaikul C. (1997), studied the effect
of water used in the extraction to dry solid (L/S
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ratio) on the efficiency of the cassava starch
extraction. The experiments were divided into two
sections. The first section was performed in
laboratory by using stirred plates. The second
section was performed iIn the cassava starch factory,
Choncharoen Co.Ltd., by using the 3-stage industrial
scale extractors. The first stage extractor used
recycle water from separators for extraction, while
the other two used pure water for extraction. From
laboratory experiment, the optimum L/S ratio is 6:1
which nearly the same iIs as those obtained from the
first and second stage industrial scale extractors.
For the third stage extractor, the optimum L/S ratio
Is 3:1. Moreover, the recycle water with 3% starch
can be reused for the first stage extractor to with
70% efficiency of extraction. The results from this
study can be applied to the factory by setting the
optimum L/S ratio for each stage of the extractor in
order to get high extraction efficiency with minimum
water usage.

Sriroth K. (2000), studied extraction of starch
from cassava pulp. Cassava pulp Is the solid waste
produced as a consequence of starch production. This
pulp contains a high starch content (50+60% dry
basis). Pulp was treated either by sonication or
incubation with a multi-enzyme mixture of cellulase
and pectinase. Both methods were found to improve
efficiency of starch extraction by disrupting the
complex structure of polysaccharides associated with
and entrapping starch granules. In the enzymatic
treatment, the content of cellulase and pectinase for
high efficiency of starch extraction determined as
the yield of Tiberated starch was investigated using
Response Surface Methodology. Cellulase concentration
seemed to have a greater effect on efficiency of
starch yield than pectinase concentration. Treatment
of pulp with 15 Novo celllulose units (NCU) of
cellulase and 122.5 polygalacturonase (PG) units of
pectinase per g dry pulp for 60 minutes resulted in
40% starch recovery.

Rittisang K. (2003), studied the optimum water
consumption for starch extraction from cassava root.
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Rittisang, K. (2003) studied the optimum water
consumption for starch extraction from cassava root.
The varieties of cassava rool were Kasetsart-50,
Rayong—-90 and Rayong-5 at different harvesting ages
of 8, 10, 12 and 15 months. The amount of water usage
to extract starch from root was varied to study the
efficiency in starch extraction. The efficiency of
starch extraction increased with the increase of
water volume in extractor unit. The efficiency of
starch extraction from Rayong-5 root was slightly
higher than Kasetsart-50 and Rayong-30 root about 3%.
The optimum volume of water per weight of cassava
root on dry basis (L/S ratio) for starch extraction
was at 15 and this ratio #as suitable for all
varieties and harvesting ages of cassava root. The
efficiency of starch extraction of 50-55% was
obtained. It"Was-fieticed that Rayong-5 root at
harvesting age of 12 months was the appropriate raw
materials infassava starch extraction process.

Rahman, 8.M.M. (2003) studied to determine the
reason for ' the large wvariances 1in sweet potato starch
yields during extraction. The study was conducted on
19 varieties of sweet potatoes harvested in both the
wet and dry season. There was higher starch content
in sweet potate harvested in the dry season. There
seems to be no direct relationship between starch
content and starch recovery. This was because the
starch present in the tubers was held in different
ways in the fiber. As a result different varieties of
sweet potato require different amounts of rasping to
release the starch. In the choice of the sweet potato
variety for starch extraction the amount of tuber
harvested per unit area of land, “its starch content
(which depends on the season of harvest) and most
importantly the starch extraCtability needs to be
taken\into account. With increased rasping there was
increase in the starch extracted from the sweet
potato. However, increased in starch extraction
levels above 85% require large increase in energy
input which might not be economical. It was found
that with increase in rasping there was no increase
in fiber impurities and that the gquality of the
starch was acceptable.
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2.5 Stucture and behavior of surfactant

A surfactant or surface active agent is a
substance that, when present at low concentration in
a system, has the property of adsorbing onto the
surface or interfaces of the system and altering to a
maked degree the surface or interfacial free energies
of those surfaces or interfaces (Milton, J.R.

(1993)). A surfactant has a characteristic molecular
structure consisting of hydrophilic head group
(water-loving) which is usually polar group and
hydrophobic tail (water-hating) which is usually
hydrocarbon long chain or non polar group (Qun, F.
(2000)). In present, surfactants appear in the
effluents of a number of dndustries such as textile,
paper and pulp, food proeessing, and detergent
manufacturing.

The wakter seolubility of the surfactant can be
used to obtain a rough approximation of its HLB
number (hydrophile-lipophile balance). This number is
useful for preliminary surfactant selection because
maximum solubilization within a given surfactant’s
chemical/family will occur at a specific HLB number
(Milton, J.R« (1993); Borchardt, J.K. (1994)).

Table 2.2 Range of HLB wvalue for water solubility of
the surfactant

HBL range _
1-4 No dispersibility in water
3-6 Poor dispersion
6-8 Milky dispersion after vigorous agitation
8-10 Stable milky dispersion
10-13 Translucent to clear dispersion
13+ Clear solution




Table 2.3 Classification of surfactant in food

industries and HLB values
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- Dracetyl tartaric acid
esters of monoglyceride

Surfactant HLB
1.Mono and diglycerides of fatty <7
acid 3.8
- Glycerol monostearate 5.3
- Glycerol monolaurate
2.0rganic acid esters of
monoglycerides 5.5
- Acetic acid esters of 4.5
monoglyceride 8.0
- Citric acid esters of
monoglyceride

3. Polyglyceraol esters of fatty

No dispersibility

- PS-80

acid in water
4. Propylene glycol esters of
fatty acid monostearate 4.5
- Propylene glycol monolaurate 3.4
- Propylene glycol
monostearate
5. Sucrose ester esters of fatty
acid 14
- Sucrose monostearate 15
- Sucrose monolaurate
6. Sorbitan esters of fatty acid
- Sorbitan monostearate 4.7
- Sorbitan tristearate 2.1
7. Polyoxyethelene sorbitane
ester (Polysorbate) 14.9
- PS-60 10.5
- PS-65 15.0
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2.6 Micellization

At low concentration of surfactant solution, a
single molecule of surfactant i1s called monomer. The
monomer freely disperses in solution. When the
concentration rise until reaching to a specific
concentraion, the aggregation molecules will be
observed as shown in figure 2.1. This aggregation
molecule i1s called micelle and the concentration that
Tirst micelle is formed called “Critical Micelle
Concentration” or CMC. CMC is the aqueous
concentration of surfactant at which surface tension
of the solution is smallest. As the concentration
increases, the surface tension decreases until the
CMC 1s reached. CMC is a significant parameter iIn
solubilization can be expected to be highest at or
above the CMC of the aqueous surfactant solution
(Rosen, 1989).

lonic head group Hydrocarbon Oﬁ?ﬂ)
! tail group
! O/\./\ ’\/\/O

e

Surfactant monomer Surfactant Micelle
an oil-like droplet
structure

Figure 2.3. Surfactant monomer and Surfactant
micelle

In ordinary, the aggregation number of micelle
formation '1s about ‘20 to 200 monomer molecules
(Rosen,1978). Micelle structures and shapes are iIn
many different types depend upon the their nature,
the environment, and also the aggregation number of
surfactant. The major types appear to be spherical
micelle, lamellar micelle, and vesicle micelle.
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2.7 Solubilization of organic contaminants in micelle

Solubilization is important property of
surfactant that concerns directly with the
micellization. It i1s defined as the spontaneous
dissolving of a substance be reversible iInteraction
with micelle of the surfactant in a solvent
(Rosen,1978). Therefore, when the surfactant is
presented in aqueous solution with concentration
above the CMC, the solubilization of substances will
be enhanced. The solubility of organic can be much
higher i1n a surfactant solution above CMC than in
water due to solubilization (Rosen,1978; Tadros,1984;
Hal and Tiddy,1981; Adamson,1967).

In spite of the characteristic of micelles that
have both of hydrophilic and hydrophobic portion,
there are fTive exact sites iIn the micelle at which
solubilization occurs, inclusion into the inner core
of micelle, deep penetration into the palisade layer,
short penetrate into the palisade layer, between the
hydrophilic head group, and on the micelle surface or
at micelle-solvent interface. Figure 2.2 illustrates
the sites of solubilization n surfactant solution.

O

LD,

Inner core of micelle

Deep penetrate in palisade layer
Short penetrate 1n palisade layer
Between the hydrophilic head groups
In the micelle solvent interface

Sy
=

O hWNBE
|

Figure 2.4 The sites in micelle provided for
solubilization.
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Maggie P.K. and Kelvin K.C. (2003), studied the
feasibility of employing aqueous non-ionic surfactant
solutions as an alternative solvent system iIn
pressurized liquid extraction (PLE) for the first
time using the roots of American ginseng as model
solid samples. When compared to the use of pure water
or methanol, the presence of a common non-ionic
surfactant (Triton X-100) i1n water at aconcentration
above i1ts critical micelle concentration was shown to
enhance the amount of pharmacologically active
ingredients (ginsenosides) extracted from ginseng
roots. The advantages of using aqueous non-surfactant
solutions were also demonstrated by comparing
extraction performances between ultrasonic-assisted
extraction and PLE methods. Furthermore, the
combination of PLE and cloud point extraction was
shown to be a new and effective approach for the
rapid sample preconcentration of herbal materials
prior to analysis by high-performance liquid
chromatography.

Gecol H. (1998), studied removal ink from a
commercial polyethylene film with water-based ink
printing using different surfactants under a variety
of conditions. At a pH of 12, water (containing no
surfactant) can achieve about 90% deinking, but less
basic solutions are less effective; at a pH 10 and
below, 1nsignificant-deinking occurs. Solutions of
cationic surfactant are the most effective at
deinking, showing high efficiency at surfactant
concentrations both above and below the critical
micelle concentration (CMC) over a pH range of 5-12.
Amphoteric surfactant is effective above the CMC over
a wide pH range. Both anionic and nonionic
surfactants are only effective at deinking above the
CMC at very basic conditions, with anionic surfactant
being only slightly better than just water even at
these high pH levels. The cationic surfactant is most
effective and the anionic surfactant is least
effective, possibly because the binder is an acidic
acrylate with a negative charge.

Qun F. (2000), studied the feasibility of
employing micelle-mediated extraction as an
alternative and effective method for the
solubilization, purification and preconcentration of
active i1ngredients from herbal products for the first
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time using theroot of American ginseng as a model.
When compared to methanol and water, an aqueous
surfactant solution containing 10% Triton X-100
yielded faster kinetics and higher recovery for the
extraction of various ginsenosides. An experimental
design approach (uniform design) was demonstrated as
a novel and useful method for the optimization of
experimental factors involved In the micelle-mediated
extraction process. For the preconcentration of
ginsenosides prior to chromatographic determination,
a salting-out agent (sodium sulfate) was employed to
make the efficient cloud point extraction of both
hydrophobic and hydrophilic ginsenosides into the
surfactant-rich phase possible, as well as to
Increase the preconcentrationfactor by reducing the
volume of the surfactant-rich phase.

Somwang P. (2001), studied extraction of
curcuminoids from tumeric for use as natural food
colorant using polyoxyethylene sorbitan monooleate
(Tween 80) as solvent. The study was divided into
three section. In the First section, removal of
volatile oil from turmeric was studied by comparing
between water distillation and direct steam
distillation methods. Optimum conditions of various
factors for extraction of curcuminoids from tumeric
were invesigated in the second section. The factors
were temperature and time of extraction, speed of
mixing, ratio of tumeric weight to solvent volume,
particle size of tumaric, concentration of tween 80
in the solvent and pH value. In the last section, a
basic economic analysis was performed for iInvestment
on curcuminoids production plant in Thailand. Results
showed that the method ‘of direct steam distillation
for removal of volatile oil from tumaric was suitable
and the time of extraction was 5 hours. Optimum
conditions for curcuminoids exraction were as
follow: exraction temperature of 60 C for 20
minutes; mixing speed of 340 revolutions per minute;
ratio of tumeric weight to solvent volume was 1 gram
per cubic centimeter; particle size of tumeric were
those that passed through 60-mesh screen;
concentration of tween 80 in solvent was 3 percent by
weight and pH value ranging between 6.3 to 6.7 Under
these conditions maximum amout of curcuminoids
extracted was 99.6% . Estimation of investment cost
in establishing a 6,000 cubic meters per year
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curcuminoids plant showed a total capital iInvesment
of approximately 18 million baht, with rate of return
on investment before tax of 15.71% and after tax of
13.35% giving a pay back period of 3.97 year.
Therfore 1t i1s considered to be an attractive project
for investment on an industrial scale.



CHAPTER 111
EXPERIMENTS AND ANALYSIS TECHNIQUE

The preparation of experiment and analytical
method were described in this chapter. It was divided
Iinto three sections. The first section concerned with
the roots and surfactant solution preparation. The
second part described the extraction procedures and
analysis technique. The final section referred to
errors of the experiments.

3.1 Materials

3.1.1 Fresh cassava roots

The condition of cassava fresh roots in this
experiment were decided, the condition of roots were
the same type in both planting area and harvested
time, because of i1ts result In the starch content iIn
the root. The type of cassava roots was Rayong 5.
They were planted under identical field condition at
Tumbon Juntuk, Umpure Pakchong, Nakhorn Ratchasima,
Thailand. The roots were manually harvested at 12
months. The composition of fresh cassava roots used
in this experiment were determined before the
experiments.

3.1.2 Surfactant
In this study, the surfactant was the nonionic
surfactant, polyoxyethylene sorbitan monooleate
(Tween 80), which obtained Honghod Chemical Co.
The chemical structure and properties of Tween 80
are defined as

Chemical structure: C18Se(CH,CH,0) 5
Molecular weight: 1308
Boi ling point: 100°C

Critical micelle concentration(CMC): 0.012nM or
13-15 mg/L
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HO(C,H.0). (OC,H,)x OH
Z o E—CH(OCZH@yOH

H2(OC;Hq), - O - ﬁ - (CH2)7C| = C|?(CH2)7CH3
H H

Ii Hydrophilic head group : Hydrophobic taiI4|

Polysorbate 80
(Sum of w, x, y and z is 20)

Figure 3.1 Chemical structure of Tween 80

3.2 Experimental procedures

3.2.1 Fresh cassava roots preparation

The fresh cassava roots were normally washed and
peeled then dried in the laboratory at ambient
condition of about 30 °C. Then, it was sliced to 2-3
cm. cubic pieces and mixed them thoroughly. The
samples were stored at 0 °C. Before starting
experiments, the cassava fresh roots were analyzed to
average starch content.

3.2.2 Procedure of experiments using water as an
extraction solvent

Two hundred grams of the roots was used iIn each
experiment. It was rasped in a rasper and slurry of
root pulp was mixed with water. The quantity of water
In this experiments are shown in Table 3.1 and
defined mass fraction of liquid and dry solid(L/S
ratio)L/S ratio is defined as

L/S ratio = Total Mass of solvent for extraction(g)
Mass of root pulp (g dry basis)

The slurry was stirred at a given time between 2
to 14 minutes with stirring speed of 600 rpm. The
liquid sample were separated every two minutes to
analyze starch content. Slurry was filtered through
centrifugal screen to separate starch milk from
fiber. While separation starch milk, water was added
to centrifugal screen. The filtered starch milk was
mixed water for dilute impurities. Later, starch milk
was allowed to sediment for 10 hours. Subsequently
the upper layer of water decanted and concentrate
starch was fTiltered through filter paper Whatman
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No.l. Thereafter, the wet starch sample was dried at
55°C for 48 hours. Finally the sample was weighed and
kept to analyze for their characteristics. After
completion of each experiment, the pulp residue from
final extraction wre kept to analyze for their
characteristics.

The extraction efficiency is the quantification
of the amount of starch released from the fiber that
iIs divided two parts.

1. Equation below shows the extraction efficiency
of cassava roots using water as an extraction
solvent. The extraction efficiency is defined as

extraction efficiency(%)= — %Y1 y100 (3.1
YOO = Sniws X100 G-
where :
W1 = Starch content in solution, g
W2 = Weight of extracted starch, g
W3 = Starch content in pulp residual, g

2. The extraction efficiency is defined the
fraction of the starch which remains bound to the
fiber. The fraction can be calculated from the
difference between the starch content iIn the cassava
roots and the pulp. While quantities fiber of cassava
root and pulp are constant. ITf the starch content of
the roots and the pulp are S, and S, and
corresponding to the fiber content are F, and F,.

_SWXFF

extraction efficiency(%) =1 x100 (3.2)
Sr x Fw
Table 3.1 The water quantity for each step of
extraction
L/S ratio Water for extraction(g)
Water for Water for Total water
mixed slurry screening

10.5 240 600 840
12.0 360 600 960
13.5 480 600 1080
15.0 600 600 1200
16.5 720 600 1320
18.0 840 600 1440
19.5 960 600 1560
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3.2.3 Procedure of experiments using water as an
extraction solvent

In this section, Tween 80 was used as extraction
solvent. Concentrations of Tween 80 were varied of
0.25%wt, 1%wt, and 3%wt. The solvent quantities of
experiments are shown in Table 3.2. L/S ratio is
defined mass fraction of liquid and dry solid (L/S
ratio). L/S ratio i1s defined as

L/S ratio = L1+1L2 (3:.3)
S
where:
L1 = Mass of Tween 80 solution(g)
L2 = Mass of water fTor Tilter process(g)
S = Mass of root pulp (g dry basis)

Table 3.2 Tween 80 and water quantity for each step
of extraction

L/S ratio Surfactant for extraction(g)
Tween 80 for Water for Total
mixed slurry screening solvent

10.5 240 600 840
12.0 360 600 960
13.5 480 600 1080
15.0 600 600 1200
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Water

Concentrate

starch

1 Pulp residule
|
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1. Stirring tank

2. Centriftugal screener
3. Sedimentation tank
4. 0ven

5. Balance

Figure 3.2 Schematic dragrams of the experimental
apparatus
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3.2.4 Analysis method

Determination of starch content in roots and pulp
residue

A modified version of the polarimetric method of
Thair Industrial Standard for Tapioca Products (TIS
52-1973) i1s used to determination of starch content
in roots and pulp residue.

e Preparation of sample
The tested sample was ground fine enough to pass
through a No.20 mesh or 0.835 mm sieve and then
subjected to tests. It shall be thoroughly. Unless
otherwise specified, distilled water and reagents
used shall be of analytical grade.

e Analytical Procedure
Determination of Total Rotatory power, P

1. 2.5 g of the sample in a 100-ml volumetric
flask by using the Tunnel.

2. Add 25 ml of 1.128% by weight hydrochloric.
3. Shake the flask until the sample is saturated
and then add a further 25 mil of 1.128% by

weight hydrochloric acid.

4. Immerse the flask with the funnel on top iIn a
boiling water bath and swirl vigorously for 3
minutes to prevent Fflocculation. The flask
shall not be taken out of the water bath
during swirling. The volume of water iIn the
bath must be sufficient for the water to
remain boiling when the fTlask i1s plunged into
it.

5. After 15 minutes, remove the flask from the
bo#ling water: bath, add 30 ml-of cold water
and cool immediately to 20°C.

6. Add 10 ml of sodium phosphotungstate solution
or-dodecaphosphotungstic acid and shake
vigorously for the forming of precipitate.

7. Make up volume with water at 20°C , mix
thoroughly and filter through a dry
filter paper(Whatman No.1l). Discard the first
25 ml of the solution obtained.

8. Transfer the solution to a 200 mm tube of the
polarimeter.

9. Read the total rotary power (P) in terms of
angular degrees(Before reading the “P” of the
filtrate, add one drop of deficient to
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approximately 2 ml of filtrate. Wait for 3
minutes and check whether a precipitate forms.
IT so, the operation has to be repeated using
more deficient.).

Determination of rotary power of active water-
soluble substances after treatment with hydrochloric
acid (P?)

1.

2.

3.

12.500 g of the sample in a 250-ml volumetric
flask add approximately 200 ml of water.

Shake until the sample 1s wet and let stand
for 1 hour at room temperature, shaking
occasionally 6 times.

Make up volume to 250 ml with water, mix
thoroughly, set aside until the starch
precipitates, and filter through a filter
paper (Whatman No. 42)(The filtrate shall be
free from starch, which can be tested by
adding one drop of dillute 1odine solution iInto
2 ml of the fTiltrate. The solution shall not
become blue.).

Pipette 50 ml of the solution (=2.500 g of the
sample) into a 100-ml volumetric

Add 2.1 ml of hydrocholric acid 25% by weight
or sp.gr. 1.126 and shake.

Place the funnel on the flask and immerse the
flask from the boiling water bath.

After 15 minutes, remove the flask from the
boiling water bath, add 30 ml of cold water
and cool Immediately to 20°C.

Defecate with the solution Sodium
phosphotungstate or dodecaphosphotungstic acid
solution, 4% by weight in_ _the same manner as
determining “P” 1n clause 2.1. Make up volume
to 100 ml with water at 20°C homogenize by
shaking and filter through a dry filter
paper(Whatman No.l)(discarding the FTirst 25 ml
of filtrate).

Transfer the solution to a 200 mm tube of the
polarimeter. Read “ P* ” of the filtrate in
the same manner as P.
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Calculate starch content from following formula:

A = 2000 X (P-DP’) (3.2

A = starch content, % by weight
P = total rotary power, angular degrees
P”= rotatory power of the soluble substance,
angular degrees
D = specific value for starch, angular
degrees, (D=184.0 for tapioca starch).

cell

=0{ [
{

Figure 3.3 Schematic diagrams of analytic
apparatus

Determination of moisture

1.Dry the aluminium dish and cover in the
electric air at 105-107°C for 15 minutes.

2. Cool to room temperature In desiccator and
weigh.

3. Wergh accurately 5 g of the sample in the
aluminium dish.

4_.Dry in the electric air oven at 105-107°C for
about 5 hours.

5. Cool to room temperature iIn the desiccator and
weigh.

6. Repeat the process of 30 minutes drying,
cooling and weighing until the difference
between two successive weighing is less than 2

mg -
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Note the lowest weight which shall be considered as
the weight of the aluminium dish and sample
after drying.

Calculate moisture content from following formula:

Moisture content(%wt) = (M1-M2) x100 (3.5)
M1-M
Where :
M = weight of dish with cover, g
M1 = weight of dish with cover and sample

before drying, ¢
weight of dish with cover and sample
after drying, ¢

M2

3.3 Experimental and Analytical Error

3.3.1 Experimental Error

In this section, experiments were conducted to
verify repeatability, an average and a standard
deviation value of the experiment. Equation 3.6 and
Equation 3.7 define an average value and percent
deviation, respectively.

Average value, X = 2%5 (3.6)
Percent deviation _ /(X —X)
from average value = — - 100 G3-7)

The experiments were repeated for 3 times at the
same condition. The experiments were conducted at
various L/S ratios of 10.5, 15, and 19.5 and
conducted using water and 0.25%wt of Tween 80
solution as solvent. In addition to, experiments were
operated at stirring time 10 minutes, stirring
velocity of 600 rpm. The pulp residue from final
extraction was kept to analyze for their
characteristics.

The experimental results average extraction
efficiency of starch and percent deviation are
calculated and summarized in Tables 3.3.
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Table 3.3 Average percents extraction efficiency and
maximum percent deviation on experiment of
starch extraction by using water as
solvent, stirring time 10 min and various

L/S ratios.
Experiment | L/S |Extraction Average Max amum
ratio | efficiency | extraction deviation
%) efficiency %)
(€)
1 50.34
2 10.5 51.68 50.62 2.08
3 49.86
4 73.97
5 15 73.04 73.47 1.15
6 73.39
7 77 .58
8 19.5 76 .37 76.63 1.59
9 1593

The result shows that the maximum experimental

error is approximately 2.08%.

Table 3.4 Average percents extraction efficiency and
maximum percent deviation on experiment of
starch extraction by using Tween 80 of
0.25 wt% as solvent, stirring time 10 min

and various L/S ratios.
Experiment | L/S | Extraction Average Maxamum
ratio | efficiency | extraction deviation
) efficiency %)
%)
1 68.62
2 10.5 68.33 67.09 1.50
3 64 .31
4 82.40
5 15 82.11 82.46 1.54
6 82.88
7 84.34
8 19.5 84.72 85.07 1.14
9 86.16

The result shows that the maximum experimental

error is approximately 1.54%.




CHAPTER 1V
RESULTS AND DISCUSSIONS

Extraction of the starch granules from the
cassava root experiments were conducted In a batch
system. The system was set up using laboratory
equipments representing each step i1n extraction
process. The extraction procedures were conceptually
identical to industrial process. The processes of
cassava starch extraction in industry can be divided
into the following stages:

1. Preparation and rasping: Cassava roots are
washed and peeled. The clean roots are cut
into small pieces and rasped iInto fine
particles by rasper. The water is added during
rasping.

2. Extraction: Starch is extracted from fiber
through agitation and addition of water. The
starch passes through the screen or cloth into
a centrifuge that separates the fiber from the
starch milk.

3. Purification: Pure starch Is separated from
soluble contaminants. Substitution of pure
water for aqueous solution surrounding the
starch granule.

4_. Removal of water by centrifuging and drying.

In this study, fresh cassava roots were washed
and peeled. The peeled roots were cut to 2-3 cm cubic
pieces and mixed thoroughly. The prepared root was
stored at 0°C. Samples of fresh cassava roots were
taken and analyzed for starch content. Two hundred
grams of the roots was used iIn each experiment. It
was rasped iIn a rasper -and slurry of root pulp was
mixed with water. The slurry was then stirred at a
given time between 2 to 14 minutes at stirring speed
of 600 rpm. The slurry was filtered using centrifugal
screen to separate starch from fiber. Starch slurry
was allowed to stand for a period of time so that
starch granules was separated from water. Wet starch
was separated and dried at 55°C. After completion of
each experiment, the starch was weighted and pulp
residue was kept for analyze. The analysis procedure
of starch content in liquid sample and pulp residue
are described 1n Chapter Il11. The extraction
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efficiency is defined by the fraction of the starch
which remains bounded to the fiber. The fraction can
be calculate from the difference between starch
content iIn the cassava roots and the pulp. If the
starch content of the roots and the pulp are S, and
Sy and corresponding fiber content are F, and F,.

B Swx Fr

% extraction efficiency = 1 =
rx Fw

x100 (4.1)

Surfactant, polyoxyethylene sorbitan monooleate
was added to water for comparison. Details of
experimental method were are described in Chapter
I111. Experimental results are summarized In Appendix
A. Discussion of the results 1s devided into two
parts:

4.1 Composition of cassava fresh roots

The composition of cassava fresh roots is
determined before starting the experiments. The
cassava root, Rayong 5, having harvest time of 12
months was used. The determination method of cassava
root composition is performed by Thair Industrial
Standard for Tapioca Products (TIS 52-2516(1973)).
The majority of composition iIs water (65% of wet
basis) and starch (30% wet basis). Mass ratio of each
component in the root is defined as fpllow:

Mass ratio(wet basis)= __lass ofcomonent .50 (4.2)

Table 4.1 Mass ratio of each component in fresh
cassava root.

Composition Mass ratio
(wet basis)
Water 63.80
Starch 29.73
Fiber 3.55
Other 2.92
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4_2 Results of experiments using water as an
extraction solvent.

In this section, the experiments are subdivided
Into 2 parts. The first part i1s conducted to evaluate
the effect of stirring time focusing on extraction
efficiency. The second part is performanced to study
the effect of liquid to solid ratio (L/S ratio) on
extraction efficiency. L/S ratio i1s defined as

L/S ratio = Total Mass of solvent for extraction(g) (4.3)
Mass of root pulp(g dry basis)

Each experiment In this section was conducted by
adding the suitable amounts of water to 200 grams of
root rasped and then the mixture is stirred. Table
4.2 summarizes the quantity of water used in each
step of the extraction process. The experiment was
conducted with the stirring speed of 600 rpm and the
stirring time between 2 to 14 minutes. While
stirring, the liquid sample was taken every 2 minutes
to analyze for starch content in the liquid. Later,
the slurry was filtered through centrifugal screening
for separating between the starch milk and fiber.
While filtering, water was added. The pulp residue
from final extraction were kept for analysis. Table
A3 1n Appendix A shows the results of these
experiments.

Table 4.2 The water quantity for each step of
extraction process

L/S ratio Water for extraction(g)
Water for Water for Total water
mixed slurry screening
10.5 240 600 840
12.0 360 600 960
13.5 480 600 1080
15.0 600 600 1200
16.5 720 600 1320
18.0 840 600 1440
19.5 960 600 1560
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4_2.1 Effect of stirring time on the efficiency

of cassava starch extraction

Table 4.3 shows extraction efficiency of cassava
roots using water extraction solvent. The extraction
efficiency i1s defined as

W1

Extraction Efficiency(®) = ———— x 100 4.4
yCh) Wirw2) (44
W1l = Starch content 1In solution
W2 = Weight of extracted starch
W3 = Starch content in pulp residue
Table 4.3 Extraction efficiency of starch from
cassava roots.
L/S \ o
atio % Extraction Efficiency
Time
(nin) 10.5 | 12.0 | 13.5 | 15.0 | 16.5 18 19.5
2 32.39,39.45 |143.55149.32 |53.44 |57.79| 60.7
4 38.21[43.84 | 50.43 |54.93|57.86|62.2566.78
6 42 .43 147.23|56.31 |61.52|65.29|67.74|70.23
8 48.62 (|55.17 | 61.65(67.92|71.13|72.93|73.64
10 50.62 |57.65|66.86 | 73.47 | 76.77 |77.31|77.81
12 54.11,64.01|70.52 | 75.66 | 77.36|78.29|78.66
14 58.46 | 67.32 | 73.81|77.27 | 77.87|78.35|78.76
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Figure 4.1 Effect of stirring time and L/S ratio
on extraction efficiency.

Figure 4.1. i1llustrates the extraction efficiency
percentage of starch from cassava roots versus
stirring time at various L/S ratio. The results
indicate that extraction efficiency iIncreases with
stirring time. At L/S ratio of less than 15, the
extraction efficiency increases almost linearly with
time while at L/S ratio of greater than 15, the
efficiency levels off after 10 minutes of stirring
time.

Thanont K. (2001), studied the effect of time on
starch extraction. He reported that the extraction
efficiency increases almost linearly with time. After
10 minutes, stirring time does not have any effect to
extraction efficiency of starch because all starches
are extracted.

During the initial period, the surface of cassava
fiber contains a lot of starches can be easily which
extracted. At the low L/S ratio, the quantity of
water i1s not enough to separate all free starch
granules from the fiber so the extraction efficiency
of starch depends strongly on time. At the high L/S
ratio, water quantity i1s more than enough to separate
free starch from fiber, so most of the starch is
extracted in shot time. In addition, the stirring
promotes contact between the two phases, allowing
transfer of the starch granule from the fiber matrix
to the water (Susanne R., 2005).
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4_.2_.2 Effect of water and cassava pulp weight
ratio (L/S ratio) on extraction efficiency

Figure 4.2 shows plot of extraction efficiency at
various L/S ratio for a stirring time of 10 minutes.
It 1s observed that extraction efficiency increases
continuously to L/S ratio of 15. At L/S ratio of
higher than 15, the extraction efficiency remains
constant.
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Figure 4.2 Effect of L/S ratio on extraction
efficiency at stirring time of 10 minutes.

The extraction efficiency increases as the L/S
ratio increases because water acts as a carrier to
convey free starch from fiber. At L/S ratio higher
than 15 and stirring time higher than 10 minutes, the
extraction efficiency are constant at about 77%.

Siriwattanachaitkul C. (1997), studied the effect
of water consumption to dry solid ratio (L/S ratio)
on the efficiency of the cassava starch extraction.
He described the mechanism of starch extraction that
water acts to liberate starch granules on the surface
of cassava fTiber by breaking weak hydrogen bonds hold
starch to fiber. Which free starch granules that be
convected 1nto the water. So iIncreasing water
quantity can iIncrease the extraction efficiency of
starch. He presented the optimal L/S ratio is 15:1
which 1s approximately the same ratio as found iIn
this study.
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Base on the experimental results obtained from
this study, the L/S ratio of 15 and the stirring time
of 10 minutes are selected as suitable conditions for
extraction of starch from cassava root. The stirring
time of 10 minutes i1s the time when the maximum
amount of starch iIs extracted from cassava root.
Comparison of effect of surfactant will discuss later
on this Chapter conducted using the stirring time of
10 minutes. Table 4.4 shows the comparison between
water quantity used in each starch extraction of this
study and the amount of water normally used in
industry. It can be observed that the amount of
water used at our suiltable conditions is comparable
to the amount of water used iIn the industry.

Table 4.4 Comparison between amount of water used iIn
this study and industry

Step of Amount of water(m®/ton fresh root)
extraction Industrial Experiment
Stirring 5.8 6.0
15" Extraction 3.5 6.0
2"% Extraction 2.5 -

4.3 Result of experiments using surfactants an
extraction solvent

In this section, surfactant, polyoxyethylene
sorbitan monooleate (Tween 80), was added to water
and the solution was used as extraction solvent. The
Experiment was conducted at surfactant concentration
of 0.25%wt, 1%wt, and 3%wt. Other operating
conditions were similar to the conditions used in
section 4.2. Table 4.5 shows quantity of surfactant
solution used in this study. Experimental results are
summarized in Table A3, Appendix A

Table 4.5 Solvent quantity for each step of

extraction
L/S ratio solvent for extraction(g)

Tween 80 for Water for Total

mixed slurry screening solvent
10.5 240 600 840
12 360 600 960
13.5 480 600 1080
15 600 600 1200
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4.3.1 Effect of surfactant on extraction of
starch.

In this section, effect of addition of surfactant
into water on extraction of starch i1s discussed.
Table 4.6 shows extraction efficiency of starch
calculated using Equation 4.4. The results are
plotted and shown in figure 4.3.
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Figure 4.3 Comparison of extraction efficiency
between water and the different surfactant
concentration again L/S ratio at stirring time of 10
minutes.
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Table 4.6 Starch extraction efficiency in different
surfactant concentrations

Efficiency (%)

rgiio Time | Surfactant concentration (%wt.)
0 0.25 1 3

2 32.39 38.49 54_.22 | 61.46

4 38.21 45_.29 60.89 | 71.85

6 42 .43 50.28 67.19 | 73.21

10.5 8 48.62 54.49 70.44 | 75.22

10 50.62 58.44 74.19 76.21
12 54.11 63./8 76.22 77.34
14 58.46 66.71 79.38 79.09

2 39.45 45.70 56 .88 67.46
4 43.84 50.21 65.36 75.64
6 47.23 57.34 70.73 76.81
12.0 8 55.17 60.22 74_.19 77.07
10 57.65 63.94 75.73 78.22
12 64.01 68.32 77.98 79.75
14 67.32 71.25 79.98 80.05

2 43.55 01.52 62.49 71.83
4 50.43 5{ -3¢ 67.47 76.07
6 5631 63.71 74 .05 77.57
13.5 8 61.65 66 .02 76.19 77.69
10 66 .86 68.53 77.05 78.69
12 70.52 75.30 78.22 80.05
14 3-8 77.09 81.76 81.58

2 49 _32 58.68 66.03 74.94

4 54.93 62.21 70.65 78.47
6 61.52 67.77 75.41 79.00
15.0 8 67.92 71.56 76.98 79.75

10 73.47 75.35 77:41 79.75
12 75.66 78.30 79.98 81.05
14 77.27 79.40 82.38 82.05

The results show that the addition of surfactant
Into water can enhance the extraction efficiency. The
enhancement depends on L/S ratio. At low L/S ratio
the enhancement i1s more pronounced than at high L/S
ratio. It 1s also observed that extraction efficiency
does not depend on L/S ratio at high surfactant
concentration.
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Borchardt (1994) studied the removal of particles
(starch granule) from substrate (pulp fiber) and the
mechanism of removal of particles from substrate
using surfactant. He suggested that the surfactant
can reduce the interfacial tensions of particles and
substrate which enhance the removal of the particles
from substrate. Moreover, particles are adsorbed on
the surface of the micelle which can prevent the
readsorbing of the removed particles by disperse them
in solution. The illustrations of this mechanism are
shown 1n Figure 4.9.

The micelle of polyoxyethylene sorbitan esters
(Tween 80 group) contain an inner core of hydrocarbon
tails whereas polyoxyethelene group on the outer
shell. The polyoxtethylene group will have strong
affinity with the starch particles (Shick M. J.,
1966) . Starch granule are attracted on the outer
shell of micelle and removed from fiber.

Where;
@ represents Polyoxyethelene chain (polar portion)
~~. represents Hydrocarbon chain (non polar portion)
osr'epresents strach granule

Figure 4.4 The micelle formation of
Polyoxyethylene sorbitan esters and position
solubilization of hydrophilic solute in micelle
(Shick M. J., 1966).

Sahoo D. (1997), studied relatively effect of
Triton X-100 concentrations on trichloroethene (TCE)
desorption from field-contaminated soil to water. He
reported that the addition of Triton X-100 (at low
concentrations but close to critical micelle
concentration) to the soil-water system iIncreased the
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rate of TCE desorption from the soil at early times,
although only by a small amount. The similar results
were obtained by increasing the solution pH from 7 to
10.

Maggie P.K.and cowokers (2003), studied
extraction of ginsenoside from medicinal plants using
different solvent, water and nonionic surfactant
(Triton X-100). They was found that an aqueous
solution containing a nonionic surfactant (Triton x-
100) as the solvent at a concentration above its
critical micelle concentration can iIncrease the
amount of extracted ginsenosides from ginseng roots.

David A.E. (1991), studied effect of surfactant
concentration at above the critical micelle
concentration (CMC). He described the primary
function of incremental surfactant Is to adsoption of
particle molecules on micelles. It can be explain
that the aqueous surfactant concentration above CMC,
all of added surfactants are formed new micelles. So
number of micelle In solution iIncrease when
concentration of surfactant in solution iIncrease. It
indicates that increasing concentration of Tween 80
results to raise number of micelle in solution.

In this research, Tween 80 is used as extraction
solvent and all concentrations of Tween 80 above CMC.
The CMC of Tween 80 #s 0.012 mM or 0.0152 g/l (Yeom
1.T., 1995). So the extraction efficiency increases
concurrent with Tween 80 concentration because the
solubilization of starch into other portion of
micelle 1Is Increase.

4.3.2 Effect of stirring time on cassava starch
extraction efficiency with surfactant
Figures 4.5 to 4.8 show the starch extraction
efficiency versus time at various surfactant
concentration and at various L/S ratio. The results
indicate that the extraction efficiency increases
when the stirring time Increases.
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Figure 4.5 Effect of stirring time on extraction
efficiency at L/S ratio of 10.5
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Figure 4.6 Effect of stirring time on extraction
efficiency at L/S ratio of 12.0
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Figure 4.7 Effect of stirring time on extraction
efficiency at L/S ratio of 13.5.
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Figure 4.8 Effect of stirring time on extraction
efficiency at L/S ratio of 15.0

The stirring time required for maximum amount of
starch extracted from cassava root depends on L/S
ratio and surfactant concentration. The high values

of L/S

ratio and surfactant concentration results are

less stirring time for starch to be extracted.
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Zhihong S. (2004), studied the influence of
extraction time on the extraction recovery of
tanshinones. It was from Salvia miltiorrhiza using
nonionic surfactant as extraction solvent. He found
that recovery of tanshinones increased concurrent
with the extraction time. It reached the highest
value when extracted for 45 minutes because the
extraction recovery depended on the contact time.

Qun F. (2000), studied the difference solvent,
such as water, methanol and nonionic surfactant
(Triton X-100), for extracting ginsenosides from the
Chinese herbal medicine. She reported that using
nonionic surfactant as solvent yielded the fastest
extraction kinetics and the highest recovery for the
extraction of gisenosides, followed by methanol and
then water. She described that micelle of surfactant
in water provided a solubility enhancment effect
which iIncreased the rate of desorption of organic
compounds from solid substrate.

Somwang P. (2001), studied optimum conditions of
various factors for curcuminoids extraction from
tumeric using polyoxyethylene sorbitan monooleate
(Tween 80) as solvent and. He found that the
curcuminoids recovery percentage increased with
Increasing stirring time and constant after 20
minutes because the most of curcuminoids Is extracted
in this time.

In this research, surfactant (Tween 80) is
solvent for starch extraction which surfactant can
increase solubility of starch 1n solution by
adsorption of starch on micelle surface. The
solubility of starch increase with Increasing
surfactant concentration because micelles in solution
IS Increase. So increasing number of micelle at high
concentration can reduce time for extraction.

Sriroth K. (2000), studied the improved starch
recovery from cassava roots. They reported that the
pulp residual after the starch extraction contains a
high starch content and high fiber content. The high
fiber content probably plays significant role in
retarding starch extraction as the fibrous network
holds starch granules. There are 2 remained starch
granules that are small granule (hold on outer of
fiber matrix) and embedded in fibrous network are
difficult to liberate. Figure 4.9 illustrates SEM of
microstructure of cassava pulp
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Figure 4.9 Scanning ellectron microscope of
cassava pulp (Sriroth K.,2003)

Andersson A. and coworker (1994), studied micro-
structure of potato. She reported that cell walls
consist of microstructure composed of cellulose
embedded in a polysaccharide and protein matrix
surrounded by an outer layer composed mainly of
pectic material. The starch granules in pulp residual
contained in this complex polymer matrix are
difficult to liberate. Therefore to remove starch
extraction from pulp, this complex matrix must be
destroyed.

From both studies, It can be observed that
surfactant can help desorbtion of small starch
granules on fiber but It can not destroy fiber matrix
and liberate starch granules. The extraction
efficiency i1s constant when all starches holded on
Tiber are extracted from fiber. The remained starch
that are embedded in the fiber matrix can not be
extracted from fiber matrix. The starch granules can
be liberated when fiber matrix i1s destroyed by using
enzyme.

4.3.3 Effect of mass ratio of surfactant and
cassava pulp (L/S ratio) on extraction efficiency

Figures 4.10 to 4.16 show the starch extraction
efficiency versus L/S ratio at various surfactant
concentrations and times. The results indicate that
extraction efficiency iIncreases when L/S ratio
Increases in the short period.
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Figure 4.10 Effect of L/S ratio on extraction
efficiency at stirring time of 2 minutes.
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Figure 4.12 Effect of L/S ratio on extraction
efficiency at stirring time of 6 minutes.
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Figure 4.16 Effect of L/S ratio on extraction
efficiency at stirring time of 14 minutes.

The results can easily by observed at the initial
period of extraction. During the initial period, from
start up to approximately 6 minutes, , L/S ratio and
surfactant concentration EIncreasing can rise the
extraction efficiency. At time progress, only
slightly effects can be observed especially at high
L/S ratio.

Christi A. 1995, described the phenomenon of
convection mass transfer that fluid flows passed
through the solid surface iIn forced convection motion
and the rate of convection mass transfer of starch
from the fiber surface is followed by

Na-="K A(Cas=Cn) 4.5)

mass transfer coefficient(g/min)
concentration of A 1In the solution (bulk
solution)at time t(g)

concentration of A at interface(Q)
interfacial area(m?)

=~
o’

O
>
»

When iIncreasing L/S ratio or increasing solvent
volume, the concentration in solution (C,) are
decrease whereas the difference of concentration
between bulk of liquid and the surface of solid 1is
high. So mass transfer of starch is iIncrease.



CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS
Conclusions

The following conclusions are drawn from the
study:

1. Increasing stirring time and mass ratio of
liguid and dry solid(L/S ratio) increase the percent
starch extraction efficiency.

2. The optimal condition for starch extraction
that use water as solvent is L/S ratio of 15 and
stirring time for extraction of 10 minutes. The
extraction efficiency of these condition iIs 73.47%.

3. When compared to the use of water and the
nonionic surfactant(Tween 80) In water at
concentrations above the CMC was found to enhance
starch extraction efficiency from cassava roots.

4_ Increasing in L/S ratio and surfactant
concentration increases the extraction efficiency and
high values of L/S ratio and surfactant concentration
result i1s less stirring time for starch to be
extracted.

Recommendations

Recommendations for future studies and research
are as follows:

1. The compared to the use of different
surfactant(Tween 80) enhance starch extraction
efficiency from cassava roots.



Reference

Andersson, A. et al. (1994). Effect of preheating on
potato texture. Critical Reviews in Food Science
and Nutrition. 34 :@ 229-251.

Balagopalan, C. (1996). Improveing the nutritional
value of cassava by solid state fermentation :
CTCRI1 Experiences. Journal of Scienctific and
Industrial Research. 5 : 479-482.

Borchardt, J.K. (1994). Mechanistic insights into de-
inking. Colloids and Surfaces A: Physicochemical
and Engineering Aspects. 88 : 13-25

Christi, A. and Jennifer, A.F. (2003). Predictors of
6-month tobacco abstinence among 1224 cigarette
smokers treated for nicotine dependence.
Addictive Behaviors. 28 : 1203-1218.

David, A.E. and Zafar, A. and Rlchard, G.L. (1994).
Distribution of Nonionic Surfactant and
Phenanthrene in a Sediment/Aqueous System.
Environ. Sci. Techno. 28 : 1550-1560.

Deshpande, S. and Shiau, B.J. (1999). Surfactant
selection for enhancing EX SITU soil washing.
Wat. Res. 33 : 351-360.

Dixit, S.G. and Vanjara, A.K. and Nagarkar, J.
(2002) . Co-adsorption of quaternary ammonium
compounds-nonionic surfactants on solid-liquid
interface. Physicochemical and Engineering
Aspects. 205 : 39-46.

Gecol, H. (2001). Use of surfactants to remove water
based inks from plastic films. Physicochemical
and Engineering Aspects. 189 : 55-64.

Gongyuan, W. and Yin, L. (2003). Effect of surfactant
on extracellular accumulation of glutathione by
Saccharomyces cerevisiae. Process Biochemistry.
38 - 1133-1138.

Jansawang, S. (2001). The adsorption of surfactant on
inks and on paper fibers related to paper
recycling. Master’”s Thesis, Petroleum and
Petrochemical College. Chulalongkorn University.

Lineback, D.R. (1984). The starch granule:
Organization and properties. Bakers Digest. 58 :
16-21.

Maggie, P.K. and Kelvin, K.C. (2003). Pressurized
liquid extraction of active ingredients
(ginsenosides) from medicinal plants using non-
ionic surfactant solutions. Journal of
Chromatography A. 983 : 153-162.




51

Milton, J.R. (1993). Surfactant and interfacial
phenomena. New York: John Wiley & Sons.

Patrolecco, L. (2004). Determination of endocrine
disruption chemicals in environmental solid
matrices by extraction with a non-ionic
surfactant (Tween 80). Journal of Chromatography
A. 1022 :- 1-7.

Paul, P.C. and Palmer ,H.H. (1972). Food Theory and
Application. New York: John Wiley & Sons.

Qun, F. (2000). Micelle-mediated extraction and
preconcentration of ginsenosides from Chinese
herbal medicine. Journal of Chromatography A.
904 : 47-55.

Radley, J.A. (1976). Starch Production Technology.
Essex: Applied Science Publisher.

Rahman, S.M.M. (2003). Selection of sweet potato
variety for high starch extraction. International
Journal of Food Properties. 6 : 419-430.

Rittisang, K. (2003). Influence of cassava root
varieties and harvesting ages on water usage in
starch extractor unit. Master’s Thesis, Natural
Resources Management. School of Bioresources and
Technology. King Mongkut”s University of
Technology Thonburi .

Sahoo, D. and Smith, J.A. (1997). Enhanced
Trichloroethene Desorption from Long-Term
Contaminated Soil Using Triton X-100 and pH
Increases. Environ. Sci. Technol. 31 : 1910-1915.

Scame, J.F. and Harwell, J.H. (1989). Surfactant-
based separation processes. New York: Marcel
Dekker.

Schick, M.J. (1966). Nonionic surfactant. New York:
Marcel Dekker.

Siriwattanachaikul, C. (1997). A study of starch
extraction from cassava root. Master’s Thesis,
Department of Chemical Engineering. Faculty of
Engineering. King Mongkut”s University of
Technology Thonburi.

Somwang, P. (2001). Extraction of curcuminoids from
turmeric using polyoxyethylene sorbitan
monooleate. Master’s Thesis, Department of
Chemical Engineering. Faculty of Engineering.
Chulalongkorn University.

Songsiri, D. (2002). Use of cationic surfactant to
remove solvent-based ink from rigid high density
polyethylene surfaces. Physicochemical and
Engineering Aspects. 204 : 261-269.




52

Sriroth, K. (2000). Processing of cassava waste for
improved biomass utilization. Bioresource
Technology. 70 : 63-69.

Sriroth, K. and Piyajomkhun, K. (2003). Starch
Technology. Bangkok: KU Press.

Supiruk, S. (1996). Surfactant-enhanced carbon
regeneration in liquid phase applications.
Master’s Thesis, Petroleum and Petrochemical
College. Chulalongkorn University.

Susanne, R. and Sonja, W. (2005). Impact and
interaction of lipophilic antioxidants In mutants
and transgenic plants. Journal of Plant
Physiology. 162 : 1197-1209.

Swe, S.M. (1999). Removal of ink from rigid high-
density polyethylene surfaces to permit plastic
recycling. Master’s Thesis, Petroleum and
Petrochemical College. Chulalongkorn University.
Thailand

Teerawat, P. (2001). Cassava starch filtration.
Master’s Thesis, Department of Chemical
Engineering. Faculty of Engineering. King
Mongkut’s University of Technology Thonburi.
Tharland.

Thair Industrial Standards Institute. (1973). Thai
Industrial Standard for Tapioca Products. TIS 52-
2516.

Thanont, K. (2001). Tapioca Starch Extraction by
Stirring During Filtration. Master’s Thesis,
Department of Chemical Engineering. Faculty of
Engineering. King Mongkut’s University of
Technology Thonburi. Tharland.

Thitipong, K. (2000). The Adsorption of surfactant on
inks related to paper recycling. Master’s Thesis,
Petroleum and Petrochemical College.
Chulalongkorn University. Thailand.

Yeom, 1.T. (1995). Micellar solubrlization of
polynuclear aromatic hydrocarbons in coal tar-
contaminated soil. Environ. Sci. Technol. 29. 3
: 15-21.

Zhihong, S. and Jiantao, H. and Wenbao, C. (2004).
Micelle-mediated extraction of tanshinones from
Salvia miltiorrhiza bunge with analysis by high-
performance liquid chromatography. Talanta. 64 :
401-407.




AONUUINYUINNS )
ANRINTUNAINENRE



APPENDIX A

Table Al. Analysis result of standard soluble starch by Polarimetric method

sample P-P” % starch (dry basis) Starch concentration(g/L)
(74 )] Exp. 1 Exp. 2 Exp. 3 Exp. 1 Exp. 2 Exp. 3 | Exp. 1| Exp. 2| Exp. 3| Avg. STDEV
0.1 8.742 8.833 8.907 95.023 96.01 96.820 0.095 | 0.096 | 0.097 | 0.096 | 0.001
0.2 8.786 8.926 8.925 95_501 97.023 97.011 0.191 | 0.194 | 0.194 | 0.193 | 0.002
0.3 8.833 8.863 8.709 96.007 96.333 94.667 0.288 | 0.289 | 0.284 | 0.287 | 0.003
0.4 8.809 8.625 8.717 95.750 93.750 94_751 0.383 | 0.375 0.38 0.379 | 0.004
0. 8.538 8.630 8.703 92.800 93.802 94.603 0.464 | 0.469 | 0.473 | 0.469 | 0.005
% starch = 2000 * (P-P”) ,
100

Starch concentration QL= »starch dry basis)-starch sample

Table A2. Analysis result starch content of cassava root by Polarimetric method

sample P-P” % starch (dry basis) Starch concentration(g/L)
(g/D) Exp. 1 Exp. 2 | Exp. 3 Exp. 1 EXp-—a Exp. 3 | Exp. 1| Exp. 2| Exp. 3| Avg. STDEV
0.1 6.810 6.625 6.607 74.023 72.010 71.820 0.074 | 0.072 | 0.072 | 0.073 | 0.001
0.2 6.670 6.580 6.763 72.501 71.523 73.511 0.145 | 0.143 | 0.147 | 0.145 | 0.002
0.3 6.685 6.593 6.593 72.667 71.667 73.333 0.218 | 0.215 | 0.220 | 0.218 | 0.003
0.4 6.670 6.601 6.601 72.500 71.750 73.750 0.290 | 0.287 | 0.295 | 0.291 | 0.004
0. 6.771 6.716 6.716 73.601 73.000 74600 0.368 | 0.365 | 0.373 | 0.369 | 0.004
% starch = 2000 * (P-P”) ,
100

Starch concentration QL= »starch dry basis)*starch sample




Calculation of starch extraction efficiency
The percent extraction efficiency in solution can
be calculate from the following formular:

extraction efficiency(%)=

Where
Wl =
w2 =
W3

Wl

w2 + w3)

Starch content in solution (g)
Weight of extracted starch (g)
Starch content in pulp residue (Q)

x100
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The percent starch extraction efficiency from
cassava roots by use water at any L/S ratio

Table A3. Analysis result of starch content.

Tween 80 L/s Time co‘:tggihin Exlgggled _Starclh stggzﬁl in E;E'_’a‘_:t'on
(%/?v\?f) ratio | (min) sollution starch m(g; R roots € |((3/:)ency
@ ()] (C))

2 16.415 33.736 17.501 | 51.237 32.39

4 19.364 33.736 17.501 51.237 38.21

6 21.503 33.736 17 .501 51.237 42 .43

10.5 8 24 640 33.736 17.501 | 51.237 48.62
10 25.654 3556506 17.501 | 51.237 50.62

12 27.422 33.736 17 .501 51.237 5411

14 29.627 33.736 17.501 | 51.237 58.46

2 20.407 35.760 15.349 | 51.109 39.45

4 22_677 35.760 15.349 51.109 43.84

6 24 431 35.760 15.349 51.109 47 .23

12.0 8 28.538 35.760 15.349 | 51.109 55.17
10 29.821 35.760 15.349 51.109 57.65

12 33.111 35.760 15.349 51.109 64.01

0 14 34.823 35.760 15.349 | 51.109 67.32
2 22.138 37.859 12.976 | 50.835 43.55

4 25.636 37.859 12.976 50.835 50.43

6 28.625 37.859 12_.976 50.835 56.31

13.5 8 31.339 37.859 12:976 | 50835 61.65
10 33.988 37.859 12.976 50.835 66.86

12 35.848 37.859 12.976 50.835 70.52

14 37.521 37.859 12.976 | 50.835 73.81

2 24775 39.061 11.173 | 50.234 49_32

4 27.593 39.061 11.173 50.234 54 .93

6 30.903 39.061 11.173 | 50.234 61.52

15.0 8 34.118 39.061 11.173 | 50.234 67.92
10 36.906 39.061 11.173 50.234 73.47

12 38.007 39.061 11.173 50.234 75.66

14 38.815 39.061 11.173 50.234 77.27
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Tween 80

Starch

Total

Starch

Total

Extraction

conc L/§ Time content in Extracted in pulp starch efficiency
) ratio | (min) solution starch @ @ )
()] ()]
2 26.957 39.638 10.807 50.445 53.44
4 29.187 39.638 10.807 50.445 57.86
6 32.935 39.638 10.807 | 50.445 65.29
16.5 8 35.881 39.638 10.807 50.445 71.13
10 38.726 39.638 10.807 50.445 76.77
12 39.024 39.638 10.807 | 50.445 77.36
14 39.281 39.638 10.807 | 50.445 77.87
2 29.078 39.884 10.434 | 50.318 57.79
4 31.322 39.884 10.434 | 50.318 62.25
6 34.085 39.884 10.434 | 50.318 67.74
0 18.0 8 36.696 39.884 10.434 | 50.318 72.93
10 38.901 39.884 10.434 | 50.318 77.31
12 SInSSe 39.884 10.434 | 50.318 78.29
14 39.424 39.884 10.434 | 50.318 78.35
2 30.411 39.957 10.143 50.100 60.70
4 33.457 39 .957 10.143 | 50.100 66.78
6 35.185 39.957 10.143 | 50.100 70.23
19.5 8 36.894 39 95V 10.143 50.100 73.64
10 38.983 S9=O51) 10.143 50.100 77.81
12 39.409 39.957 10.143 | 50.100 78.66
14 39.459 39.957 10.143 | 50.100 78.76
2 19.369 36.309 14.014 | 50.323 38.49
4 22_.791 36.309 14.014 | 50.323 45_29
6 25.302 36.309 14.014 | 50.323 50.28
10.5 8 27.315 36.309 14.014 | 50.323 54 _49
10 29.408 36.309 14.014 | 50.323 58.44
12 32.096 36.309 14.014 | 50.323 63.78
14 33.570 36.309 14.014 | 50.323 66.71
2 23.392 38.6142 12.574 | 51.188 45.70
4 25.701 38.6142 12.574 | 51.188 50.21
6 29.351 38.6142 12.574 | 51.188 57.34
12.0 8 30.825 38.6142 12.574 | 51.188 60.22
10 32.729 38.6142 12.574 | 51.188 63.94
12 34.971 38.6142 12.574 | 51.188 68.32
14 36.471 38.6142 12.574 | 51.188 71.25
0.25 2 25.567 39.4321 11.176 50.608 51.52
4 29.008 39.4321 11.176"| 50.608 57.32
6 32.242 39.4321 11.176 | 50.608 63.71
13.5 8 33.411 39.4321 11.176 50.608 66.02
10 34.681 39.4321 11.176 | 50.608 68.53
12 38.107 39.4321 11.176 | 50.608 75.30
14 39.013 39.4321 11.176 50.608 77.09
2 29.641 40.6091 9.904 50.513 58.68
4 31.424 40.6091 9.904 50.513 62.21
6 34.232 40.6091 9.904 50.513 67.77
15.0 8 36.147 40.6091 9.904 50.513 71.56
10 38.061 40.6091 9.904 50.513 75.35
12 39.551 40.6091 9.904 50.513 78.30
14 40.107 40.6091 9.904 50.513 79.40
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Tween 80

Starch

Total

Starch

Total

Extraction

conc r;{?o ggyﬁa ngfﬁzgo;n Eﬁ;;igifd in pulp starch efficiency
wt) @ @ @ @ )

2 27.584 41.107 9.769 | 50.876 54_22

4 30.978 41.107 9.769 | 50.876 60.89

6 34.183 41.107 9.769 | 50.876 67.19

10.5 8 35.837 41.107 9.769 | 50.876 70.44
10 37.744 41.107 9.769 | 50.876 74.19

12 38.777 41.107 9.769 | 50.876 76.22

14 40.385 41.107 9.769 | 50.876 79.38

2 29.086 41.698 9.438 | 51.136 56.88

4 33.422 41 .698 9.438 | 51.136 65.36

6 36.168 41.698 9.438 | 51.136 70.73

12.0 8 37.937 41.698 9.438 | 51.136 74.19
10 30 L2 41.698 9.438 | 51.136 75.73

12 39.875 41 .698 9.438 | 51.136 77.98

14 40.898 41.698 9.438 | 51.136 79.98

1 2 31.569 41.799 8.721 | 50.520 62.49
4 34.085 41.799 8.721 | 50.520 67.47

6 37.410 41.799 8.721 | 50.520 74 .05

13.5 8 38.491 41.799 8.721 | 50.520 76.19
10 38.925 41.799 8.721 | 50.520 77.05

12 40.092 41.799 8.721 | 50.520 79.22

14 41._.305 41..799 8.721 | 50.520 81.76

2 33.627 42.176 8.651 | 50.827 74.94

4 35.979 42176 8.651 | 50.827 78.47

6 38.404 42176 8.651 | 50.827 79.00

15.0 8 39.203 42176 8.651 | 50.827 79.75
10 39.422 42.176 8.651 | 50.827 79.75

12 37.675 42 _.176 8.651 | 50.827 81.05

14 41.953 42.176 8.651 | 50.827 82.05

2 31.399 41.174 9.309 | 50.483 61.46

4 36.708 41.174 9.309 | 50.483 71.85

6 37.402 41.174 9.309 | 50.483 73.21

10.5 8 38.429 41.174 9.309 | 50.483 75.22
10 38.935 41.174 9.309 | 50.483 76.21

12 39.513 41.174 9.309 | 50.483 77.34

14 40.407 41.174 9.309 | 50.483 79.09

2 34.080 41.840 8.679 | 50.519 67.46

4 38.212 41.840 8.679 | 50.519 75.64

6 38.803 41.840 8.679 | 50.519 76.81

3 12.0 8 38.934 41.840 8.679 | 50.519 77.07
10 39.515 41.840 8.679 | 50.519 78.22

12 40.288 41.840 8.679 | 50.519 79.75

14 40.440 41.840 8.679 | 50.519 80.05

2 36.440 42.0776 | 8.653 | 50.731 71.83

4 38.591 42.0776 | 8.653 | 50.731 76.07

6 39.352 42.0776 | 8.653 | 50.731 77.57

13.5 8 39.412 42.0776 | 8.653 | 50.731 77.69
10 39.920 42_.0776 | 8.653 | 50.731 78.69

12 40.61 42.0776 | 8.653 | 50.731 80.05

14 41.386 42.0776 | 8.653 | 50.731 81.58
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Starch

Total

Tween 80 - - Starch Total Extraction
E;u¥3 rgéfo g;;ﬁz CZEEEEFo;n Eﬁ;%giﬁsd ln(gglp Sﬁi;fh effu;&fncy

2 38.196 42 .380 8.590 | 50.970 74.94

4 39.996 42 .380 8.590 | 50.970 78.47

6 40.266 42 .380 8.590 | 50.970 79.00

3 15.0 8 40.648 42 .380 8.590 | 50.970 79.75

10 41.183 42 .380 8.590 | 50.970 80.80

12 41.541 42.380 8.590 | 50.970 81.50

14 41.821 42.380 8.590 | 50.970 82.05
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Table A4 Extraction efficiency

Tween L/S Total Starch in Total Extraction
80 rati | Extracted pulp starch efficiency
conc o] starch (9) (9 %)
(%wt) @
10.5 33.736 17.501 51.237 65.84
12.0 35.760 15.349 51.109 69.97
13.5 37.859 12.976 50.835 74.47
0 15.0 39.061 11.173 50.234 77.76
16.5 39.638 10.807 50.445 78.58
18.0 39.884 10.434 50.318 79.26
19.5 39.957 10.143 50.100 79.75
10.5 36.309 14.014 50.323 72.15
0.5 12.0 38.614 12.574 51.188 75.44
13.5 39.432 11.176 50.608 77.92
15.0 40.609 9.904 50.513 80.39
10.5 41.107 9.769 50.876 80.80
1 12.0 41.698 9.438 51.136 81.54
13.5 41.799 8.721 50.520 82.74
15.0 42176 8.651 50.827 82.98
10.5 41.174 9.309 50.483 81.56
3 12.0 41.840 8.679 50.519 82.82
13.5 42 .078 8.563 50.731 82.94
15.0 42 .380 8.590 50.970 83.15

Table A5. Analysis result starch content in starch

Tween L/S Sample | Moisture P-P~ starch Starch
80 conc | ratio @ ) €D @
wt)

10.5 33.736 13.56 8.903 96.77 32.646

12.0 35.760 13.48 8.869 96.34 34.451

13.5 37.859 13.54 8.969 97.49 36.908

0 15.0 39.061 13.51 8.954 97.33 38.018
16.5 39.638 13.50 8.870 96.41 38.214

18.0 39.884 13.52 8.886 96.59 38.523

19.5 39.957 13.56 8.842 96.11 38.402

10.5 36.309 12.82 8.862 96.33 34.976

0.25 12.0 38.614 12.50 8.935 97.12 37.501
13.5 39.432 12.95 8.875 96.47 38.040

15.0 40.609 12.61 8.885 96.58 39.220

10.5 41.107 12.99 8.910 96.85 39.812

1 12.0 41.698 13.34 8.865 96.36 40.180
13.5 41.799 12.25 8.923 96.99 40.541

15.0 42176 13.45 8.919 96.95 40.889

10.5 41.174 13.21 8.999 97.82 40.276

3 12.0 41.840 14.03 8.916 96.91 40.547
13.5 42.078 13.71 8.900 96.74 40.706

15.0 42 .380 13.35 8.942 97.20 41.193
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Table A6. Analysis starch content in pulp residual at

Tween L/S Weight | Moisture P-P~ starch | Starch in
80 conc | ratio | of pulp (€)) ) pulp (9)
%wt) @

10.5 38.664 10.22 4.164 45.264 17.501

12 36.64 10.02 3.854 41_891 15.349

13.5 34.541 11.15 3.456 37.566 12.976

0 15 33.339 11.64 3.083 33.513 11.173
16.5 32.762 10.03 3.035 32.986 10.807

18 32.516 10.64 2.952 32.088 10.434

19.5 32.443 11.18 2.876 31.264 10.143

10.5 36.091 10.78 3.572 38.829 14.014

0.25 12 33.786 11.55 3424 37.216 12.574
13.5 32.968 10.97 3.119 33.899 11.176

15 31.791 11.74 2.866 31.153 9.904

10.5 31.293 10.04 2.866 31.217 9.769

1 12 30.702 11.14 2.872 30.740 9.438
13.5 30.601 10.32 2.828 28.499 8.721

15 30.224 11.21 2.622 28.622 8.651

10.5 31.226 10.66 2.746 29.811 9.309

3 12 30.560 11.86 2.613 28.399 8.679
13.5 30.322 11.20 2.598 28.240 8.563

15 30.020 10.64 2.633 28.614 8.590

Table A7. Analysis fiber content iIn rasped cassava

roots
Tween = Sample Fiber in cassava roots
80 conc | /S | Sample | Moisture | g gry Percent |g dry basis
(%wt) ratio @ D basis)
10.5 | 200.00 63.8 72.40 3.55 2.570
12.0 | 200.03 63.8 72.41 3.55 2.570
13.5 | 200.15 63.8 72.45 3.55 2.572
0 15.0 | 200.12 63.8 72.44 3.55 2.572
16.5 | 200.08 63.8 72.43 3.55 2.571
18.0. | 200.15 63.8 72.45 3.55 2.572
19.5 | 200.07 63.8 72.43 3.55 2.571
10.5 |'200.12 63.8 72.44 3.55 2.572
0.25 12.0 | 200.07 63.8 72.43 3.55 2.571
13:5 4 200.08 63.8 72.43 3.55 2.571
15.0 | 200.11 63:8 72.44 3.55 2.572
10.5 | 200.05 63.8 72.42 3.55 2.571
1 12.0 | 200.14 63.8 72.45 3.55 2.572
13.5 | 200.03 63.8 72.41 3.55 2.571
15.0 | 200.10 63.8 72.44 3.55 2.571
10.5 | 200.09 63.8 72.43 3.55 2.571
3 12.0 | 200.03 63.8 72.41 3.55 2.571
13.5 | 200.12 63.8 72.44 3.55 2.572
15.0 | 200.06 63.8 72.42 3.55 2.571
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Table A8. Analysis fTiber content in pulp residual and
extracted starch

Tween 80 L/S Cassava Fiber in Extracted Fiber in
conc(%wt) | ratio pulp(g) pulp (9) starch (g) | starch(g)

10.5 38.664 1.373 51.237 1.197

12.0 36.640 1.301 51.109 1.269

13.5 34.541 1.226 50.835 1.346

0 15.0 33.339 1.184 50.234 1.388
16.5 32.762 1.163 50.445 1.408

18.0 32.516 1.154 50.318 1.418

19.5 32.443 4 50.100 1.419

10.5 36.091 1.218 50.323 1.291

12.0 33.786 1368 51.188 1.372

0-25 13.5 32.968 1.170 50.608 1.401
15.0 Slee7 O 2685 50.513 1.443

10.5 31.293 AN, 50.876 1.460

12.0 30.702 1.090 51.136 1.482

1 13.5 30.601 1.086 50.520 1.485
15.0 30.224 1.073 50.827 1.498

10.5 31.226 1.109 50.483 1.462

12.0 30.560 1.085 50.519 1.486

3 13.5 30.322 1.076 50.731 1.496
15.0 30.020 1.066 50.970 1.505
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