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Abstract

Wasted vegetable oils released from wastewater of food processing industries, restaurant
and kitchens are substances that cause water problem due to their physical properties. One
method to solve this problem is the use ofbio-extract. Bio-extract derived from the fermentation
of vegetable and fruits residues with sugar. It contain organic substances and microorganisms
that can degrade oils. The isolation and identification of bacteria from bio-extract which can
degrade palm oil and soy bean oil is the aim of this research. The isolation of bacteria was
carried out, using M9 liquid media enriched with 1% (v/v) soybean or 1% (v/v) palm oil added
with 2 ml bio-extract. The samples were screened for lipid degrading bacteria using serial
dilution and spread onto the M9 agar plates enriched by 0.2% (v/v) soybean oil or palm oil and
0.5x PCA media enriched by 0.2% (v/v) palm oil or soybean oil. Thirty microorganisms were
isolated from bio-extract that showed ability to degrade palm oil and/ or soybean oil. The
bacteria categories in three groups, the first groups including Pcp3y, Pcp16y, M9p10yy, M9p5y,
M9p16y, M9p15y, M9p8y, in palm oil, , and M9p16y, Pcp16y, Pcpl 7y M9p5y and M9p8y in
soybean oil. The second groups of bacteria including M9p10yy, M9p15y in soybean, and Pcpl 7y
in palm oil. The first group and second group degrade oils so, these group select as good bacteria
due to degrade palm oil and soybean oil. The third groups of bacteria did not degrade oils. So,
seven strains of bacteria were selected according to the size of clear zone in soybean and palm
oil containing agar plate. The selected bacteria strains were identified using, morphological and
physiological characteristics according to the method of "Bergey's manual of determinative
bacteriology". The bacteria can be categorized in to three groups. The first group consisting of
three strains, they are Gram-positive, rod shape, oxidase negative. The second group consisting
two strains they are Gram-negative, rod shape and fermented glucose. The third group consisting
two strains, they are Gram-negative, rod shape, and did not fermented glucose.

Keywords: Bio-extract, palm oil, soybean oil, degrade, wastewater
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Chapter I
Introduction
Fat, oil and grease (FOGs) is one group of substances that is used to determine water
quality. FOGs can be released into the environment with wastewater derived from the food
processing industry, restaurant and kitchens or by accidental spill of oils. If they were not treated,
they can cause adverse effect in environment due to their physical properties. In natural
environment, FOGs cover of animals and plants, reduce oxygen transfer rate and increase high
biological oxygen demand (BOD) in wastewater (Cipinyte et al., 2009). On the other hand,
accumulation of FOG in wastewater treatment systems leads to blockage of drainpipes,
appearance of unpleasant odors and erosion of sewer pipes (Cipinyte et al., 2009). The main
components of FOGs are animal fats and vegetable oils. They may also contain a mixture of
glycerol and free fatty acids whenever hydrolysis has taken place (Cammarota, 2006).
FOGs can form oil film in water surfaces, preventing the circulation of oxygen from air
into water and leading to the death of many forms of aquatic lives. Collections formed by oil
droplets and other particles present in wastewater can also block water drainage lines. Generally,
lipid residues are partially recovered from wastewater by air flotation and the remaining residues
are treated by physical and chemical method (Mongkolthanaruk, 2002). Then the floated lipid
wastes are usually discarded by sanitary landfill dumping, however, this also pollutes the
environment (Mongkolthanruk, 2002). Many bacteria that are capable degrading FOGs, isolated
from soil and water. These genera of bacteria such as Bacillus, Pseudomonas, Burkholderia,
Acinetobacter, Escherichia and fungi are known to degraded Olive oil and tributyrin
(Mongkolthanaruk, 2002).
Bio-extract derived from the fermentation of vegetable and fruits residues with sugar is a
brownish liquid. It contains vitamin, minerals, hormones and enzymes. It is organic substances
and effective microorganism. Bio-extract or bio-fermented solution is also called as effective
microorganisms (EM). There are different microorganisms in bio-extract, such as Lactic acid
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bacteria, yeast, and Lipolitic bacteria (Kamla, 2007). Thus, it can help to develop soil
productivity by presenting organic matters to increase soil fertility. The other benefits of bioextract have been studied and one application of bio-extract is used in wastewater treatment.
Research has shown EM cultures to be highly effective in purifying wastewaters and sewage
effluents (Kamla, 2007). The other benefits of bio-extract have been studied and one application
ofbio-extract is used in purifying of wastewater treatment and sewage effluents (Higa, 1995).
The aim of this study is to isolate bacteria which are able to degrade the vegetable oils from the
bio-extract for wastewater treatment application.

1.1.

Objective

Isolation and identification of bacteria that can degrade soybean oil and palm oil from bioextract.

1.2.

Hypothesis

Bacteria in bio-extract can degrade soybean and palm oil.

Chapter II
Literature review
There are some environmental problems caused by FOGs (Fat oil and grease) in
wastewater. FOGs form a layer on surface of wastewater, which reduce oxygen transfer rate and
increase biological oxygen demand (BOD) in wastewater (Cipinyte et al., 2009). Therefore, it
leads to the death of many forms of aquatic lives. For this problem, there are some methods to
treat wastewater as will be described later. Bio-extract is a tool which used for treatment of
wastewater in this experiment.
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2.1. Bio-extract
Bio-extract is the product that produced by fermentation of microorganisms developed
EMs in Okinawa during 1970's. Which called Effective Microorganisms or EM. This solution
contain naturally occurring microbes that have the ability to reduce biological toxicity in the
wastewater as well as remove the foul odor ((Higa, 1995). Bio-extract is an organic brown liquid
made from fermented vegetables and plants composted with sugar (molasses); it plays an
important role in the improvement of self-sufficiency agriculture due to their low cost, reduced
impact on soil and moderate chemical fertilizer input. Also it is an effective liquid for lessening
pollution problems. Furthermore, bio-extracts and bio-ferments are the carbon and energy
sources for the microorganism fermentation during decomposition processes (Noisopa, 2010).
Bio-extract contain mixture of microorganisms, (Kamla, 2007). It has nutrients, elements, plant
hormones, and phosphate solubilizing microbes (Noisopa, 2010). It has been claimed to be used
to nourish plants, to remove pests and diseases, to use in animal farming, and to treat wastewater
(Srisatit et al., 2008). Bio-extract can reduce the amount of oil and grease in wastewater it mean
bio-extract can degrade vegetable oil (Chiu, 2012). Study show bio-extract has a number of
applications, including cleaning septic tanks, gardening, agriculture, livestock, alga control and
bioremediation (Szymansk and Patterson, 2003).
Bio-extract consist of a wide variety of multicultural of effective, beneficial and
nonpathogenic microorganisms. It contains about 80 species of microorganisms. Some microbes
that can be found in bio-extract are, Bacilus spp. Lactic acid bacteria, photosynthesizing bacteria,
actinomycetes, purple non- sulphur bacteria, yeast and mold (Zakaria et al., 2010) Generally, the
bio-extract has the pH of 3.5 to 5.6. Its benefits have been widely studied and the usage of bioextract solution in wastewater treatment is one of those (Nitsuwat et al., 2012). EM can be
applied to many environments to break down organic matter. One of the application of EM is
waste management and recycling, environmental remediation and eco-friendly cleaning (Zakaria
et al., 2010). The research has been shown bio-extract can degrade vegetable oil in wastewater.

2.1.1 Lactic Acid Bacteria
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Lactic Acid Bacteria is gram-positive, non-spore, catalase-negative, devoid of cytochromes,
of nonaerobic habit but aero tolerant, fastidious, acid tolerant and strictly fermentative with lactic
acid as the major end product during sugar fermentation. Lactic Acid Bacteria are generally
associated with habitats rich in nutrients, such as various food products (milk, meat, vegetables),
but some are also members of the flora of the mouth, intestine and vagina of mammals (Khalid,
2011 ), they can produce lactic acid from sugars and other carbohydrates, many fermented
beverages and food have been made with lactic acid bacteria. Lactic acid is strong sterilizing
compound, so can inhibit the harmful microorganisms and enhances the decomposition of
organic matter, moreover, lactic acid bacteria promote the decomposition of material such as
lignin and cellulose, and ferment these materials for removing undesirable effects of undecomposed organic matter. In bio-extract, there are Lactic acid bacteria that promote soil
microbial activities and break down organic fertilizer to release nutrients to plants (Kamla et al.,
2007).

2.1.2 Photosynthesizing bacteria
Photosynthesizing bacteria play an important role in the activity of bio-extract by
enhancing the nitrogen cycling. This group of bacteria, by using sunlight and heat of soil as a
source of energy, can synthesize the useful substances from the organic matter. (Kyan et al.,
1999).
One of the applications of photosynthetic bacteria is in wastewater treatment; this method
is widely available in nature and capable of removing organic substances especially in sunlight
intensive area like tropical countries (Chiemchaisri et al., 2001).

2.1.3 Yeast
Yeast is unicellular fungi. One of the well-known characteristics is the ability to ferment
sugars for the production of ethanol (Schneiter, 2004). Yeast can synthesize useful bioactive
substances such as hormones and enzymes for effective microbes such as Lactic acid bacteria
and Actinomycetes. It also can synthesize antimicrobial in bio-extract (Kyan et al., 1999).
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2.1.4 Actinomycetes
The structure is intermediate of fungi and bacteria. Actinomycetes can produces
antimicrobial from amino acids that secreted by Photosynthetic bacteria and organic matter. As a
result, these antimicrobial suppress harmful fungi and bacteria in bio-extract (Kyan et al., 1999).

2.1.5 Fermenting Fungi

Fermenting fungi produce alcohol by decompose organic substance such as Aspergillus
and Penicillium. It also suppress the bad smell from wastewater, many fungi produce enzymes in
bio-extract that break down organic material (Kyan et al. , 1999).

2.1.6 Pseudomonas spp.

The genus Pseudomonas spp. is an ecologically and heterogeneous significant group of
bacteria. They are Gram-negative, rod shape, and no fermented glucose bacteria. This genus is
found in the soil, marine environment, fresh water, plant and animal (Tripathy et al., 2006).
Some species have ability to use for bioremediation and also some species exhibit activities to
degrade olive oil (Matsumiya, 2007).

2.1.7 Aeromonas spp.
This group of bacteria are Gram-negative, rod shaped, no spore forming, fermented
glucose and they are oxidase and catalase positive. The genus of Aeromonas widely distributed
in aquatic environment, including raw and processed drinking water (Erdem et al., 2009). Some
researcher was done to use of Aeromonas spp as treatment of wastewater (Martone-Rocha, et al.,
2010).
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2.2. What is a fat or oil?

Fats and oils are known as essential nutrients in human and animal diets. Nutritionally, they
are sources of energy (9 cal/gram) and provide essential fatty acids which are the building blocks
for the hormones needed to control body systems. Oil and fats are a carrier for the oil soluble
vitamins A, D, E, and K. They also improve the foods we eat by providing texture, mouth feel,
flavor, and caused to the feeling of satiety after eating. One of the most important products we
can use for cooking food is oil (Strayer, 2006).
Fat and oils includes matter such as food leftovers, meat fats, pork, butter, tallow,
margarine, cooking oil, dressings, cheeses, deep-fried food and baked goods. (Husain et al,
2014).
In the tropical belt of Africa, Southeast Asia and Brazil soybean oil and palm oil is
common cooking ingredient. Its use in the commercial food industry, because of its lower cost
and the high oxidative stability (saturation) of the refined product when used for frying (Che
Man et al, 1999).In Thailand palm oil and soybean oil is very popular because of high production
and lower cost. In 2013, Thailand produced 2.0 million tons of crude palm oil on unevenly 626
thousand hectares (FAOStat). In figure 1. And 2. Shows the rate of domestic consumption of
palm oil and soy bean in Thailand, as we can see the ratio of growth of different of the oils in the
world. As the figure shows the first oil in the world is palm oil and the second one is soybean oil.
Figure 3. Shows world export of 17 oils and fats growth rate.
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Figure 9: Thailand palm oil food domestic consumption by year (http://www.usda.gov)

Figure 10: Thailand Soybean oil food domestic consumption by year (http://www.usda.gov)
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Figure 11: World export of 17 oils and fats growth rate (source: oil world and MPOB).

2.2.1. The chemical structure of oil
Fats and oils are made of building blocks called "triglycerides" resulting from the mixture
of one unit of glycerol and three units of fatty acids. They are soluble in most organic solvents
but are insoluble in water. The density is lower than water, and may have consistencies at
ambient temperature of solid, semisolid, or clear liquid. When they are solid at a normal room
temperature, they called as "fats,'' and when they are liquid at that temperature, they are called
"oils. "(Strayer, 2006).
Triglycerides are the main components of fats and oils. A triglyceride consists of three fatty
acids attached to one glycerol molecule. If all three fatty acids are identical, it is a simple
triglyceride. The more common forms are the "mixed" triglycerides in which two or three kinds
of fatty acids are present in the molecule. Pictures of typical simple and mixed triglyceride
molecular structures are shown below.
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Figure 12: Diagrams of simple and mixed triglycerides (Strayer, 2006).

2.2.2. Palm oil characteristic
Palm oil is extracted from the mesocarp of the fruit of an oil palm. Palm oil is
composition of saturated and unsaturated acid that the level of saturated fatty acid is equal to the
unsaturated fatty acid. The major component is palmitic acid (44% - 45%,) and oleic acid (39% 40%), palmitic acid is saturated fatty acid and oleic acid is unsaturated fatty acid and linoleic
acid (10% - 11 %). The low level of linoleic acid and virtual absence of linolenic acid make the
oil relatively stable to oxidative deterioration. The table 1. Shows characteristics of crude palm
oil (MPOB's Regional Office).
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Table 6: Identity characteristic of crude palm oil (source MS814: 2007)

Item No.
ldentl~ Characterfstk:s
i-;;..;..,,.,,.....,...,;;;,.,;..,._.+-·---..t...- - - -.........
1

Observed min. to max.
-------+---------"at so•c
0.8889 to 0.8896

Apparent densttv1 g mr
Refractive index no· so•c

(i)
(U)

1.4521 to 1.4541

C18:2
Cl.8:3

O.Oto0.5
0.9to 1.S
39.2 to45.8
O.Oto0.4
3.7to 5.4
37.4to44.l
8.7to12.5
O.Oto0.6

C20:0

O.OtoO.S

C12:0
C14:0

Cl6:0
C16:1
C18!0
C18:1

(vi)
(vii)

(viii)

Iodine value (Wljs)
Slip meltina oolnt re)
Total carotenolds as HJ-carotene), mg kJ!' 1

50.4to53.7
33.Sto 39.2
474to 689

2.2.3. Soybean oil characteristic
Soybean extracted from the seeds of the soybean. It is one of the most widely consumed
cooking oils. Soybean oil contains (85% - 88%) unsaturated fatty acid which is oleic, linoleic,
and linoleic acid (12%-15%) saturated fatty acids which is mostly palmitic acid (Ribeiro et al.,
2009).
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2.3. Wastewater
2.3.1 Definition of wastewater
Any water that has been affected in quality by anthropogenic influences is wastewater.
It contains liquid waste discharged by industrial, domestic, agriculture and can include the
potential contaminants and pollutants. In the most common usage, it refers to the wastewater
that contains a wide range of contaminant resulting from the mixing of wastewater from
different sources (Chiu, 201 2).

2.3. 2 Component of wastewater
In general, wastewater has been produced from agriculture, domestic and industrial

sources that contain many contamination and pollutant. These contaminants are required to
be properly handled and removed, if the contaminants can cause health problem or effect to
environment diversity (Chiu, 2012). The components of wastewater may be divided into four
categories:
•

Biochemical oxygen demand, total suspended solids and fats, oils and grease

(BOD, TSS, FOG),
•

Pathogens (fecal coliform, viruses)

•

Nutrients (nitrogen, phosphorus)

•

Other chemicals.

2.3.2.1 Organic compound
The organic compound like carbohydrate, protein or fat content can be decomposed by
using aerobic microbe. When the organic compound is decomposed, dissolved oxygen in
water will be reduced. The organic compound can be determined by measurement of
biochemical oxygen demand (BOD). If the wastewater contain high amount of organic
compound, BOD is also high, and the wastewater will cause putrid easily (Chiu, 2012).
11

2.3.2.2 Inorganic compound
Inorganic compound consists of minerals like sulfur or chloride, which are harmful to
the living thing and environment when they have in high amount. Inorganic compound
originate from a variety of sources in the community including industrial and domestic
sources. Most inorganic compounds are relatively stable and cannot be degraded easily by
microorganism in wastewater (pollution Control Department Thailand, 2002).

2.3.2.3 Heavy metal and poison
Heavy metals are elements that have density greater than 6 g/cm3; they are one of
the most continuous pollutants in wastewater. The continuous of heavy metals in wastewater
is due to their non-biodegradable and toxicity nature. Heavy metal and poison can be form of
organic or inorganic compound, which can be accumulate in the natural food chains, and be
harmful to any organism. Heavy metal and poison mostly caused by pesticide or herbicide
for agriculture and wastewater discharged from industries (Akpor et al, 2014).

2.3.2.4 Nutrient
Nutrient is compounds as a raw material for growing and developing of the organism;
phosphorus, nitrogen and potassium are primary nutrients. These nutrients have different
chemical characteristics: nitrogen is more mobile in the soil, while phosphorus tends to bind
to soil particles (University of Minnesota, 2011 ). When the amount of nitrogen and
phosphate are high in wastewater, the algae bloom will be occurred, as a result the dissolved
oxygen in water will be reduced for using in the degradation of nutrients or organic
compounds, so the reduction of dissolved oxygen will affect the aquatic organisms, and it can
cause the lack of oxygen in water (Chiu, 2012).
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2.3.2.5 Microorganism
Wastewater covers different types of bacteria, virus, protozoa, algae, fungi etc. Some
of these are pathogens to animal life and harmful to the human, some of microorganism uses
the oxygen for their living which causes the decreasing of dissolved oxygen in water (Dept,
2010).

2. 4. Type of wastewater
All the water that we use at home and disposed through the drains or into the sewage
collection system is wastewater. This includes water from baths, showers, sinks, dishwashers,
washing machines, and toilets. Small businesses and industries often contribute large
amounts of wastewater to sewage collection systems.
Water pollution is mainly caused by wastewater which is discharged from domestic used,
industrial used and agricultural used.

2.4.1. Domestic wastewater
Domestic wastewater is depletion from the residential area, like house or apartment.
Usually, it can produce by water from the restroom, food, kitchen and place that use water.
Domestic wastewater contains the extreme nutrient that can support the growth of harmful
microbe and these groups of microbes can be the disease carriers. Furthermore, domestic
wastewater contains the household chemicals like detergent which composes toxicities these
toxicities can contaminate the natural water sources (Scott and Tyler, 2010).

2.4.2 Industrial wastewater
Industrial wastewater is a liquid waste that obtained from industrial processes as a result from
manufacture, automotive repair, vehicle wash, trade, medical, business, and some, activity that
may contain toxic or hazardous constituents (University of Minnesota, 2011).
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Wastewater in the food industries obtained the cooking, cooling and boiling process of food
production, so the wastewater contain high amount of carbohydrate, oil, fat, protein, and other
minerals. Wastewater from industries normally contains several organic compounds, which leads
the stream to be turbid and contain high BOD. Moreover, wastewater with high temperature can
cause the thermal potiution in water. So the thermal pollution will interrupt the bioprocesses of
the living thing, also it can reduce the diversity of aquatic animals and plants in natural water
system (Scott and Tyler, 2010).

2.4.3 Agricultural wastewater

One of the activities that can cause the water pollution is agricultural activity.
Agricultural wastewater can cause by excessive used of pesticide, fertilizer and herbicide, which
contain the toxic compound or high amount in nutrient, and then these compounds have
penetrated into underground and polluted the underground water. If agricultural area is closed to
the stream, the herbicide, pesticide and fertilizer will be released to the natural stream or
irrigation system directly (Scott and Tyler, 2010).

2. 5 Parameters for wastewater quality
2.5.1 Biochemical Oxygen Demand
Biochemical Oxygen Demand or BOD is one of the parameter for water quality it is the
quantity of dissolved oxygen consumed by aerobic microorganisms during the microbial and
chemical oxidation of the components contained in a wastewater sample during an incubation
period at a given temperature. The BOD represents the oxygen utilized during the oxidation of
both carbon and nitrogenous compounds (University of Minnesota, 2011).

2.5.2 Fat
Fat is quite sensitive to temperature, it can be solid at 80 °F, and wastewater temperature
usually is less than 80 °F. Animal fat in the soil will break down, but it takes four times more
energy to break down than other organic substances. Fat is added to the system from clean up,
14

dish washing and cooking, so commercial systems will generally have higher levels of fat than
residential systems (University of Minnesota, 2011).

2.5.3 Oils
Vegetable oils are not as sensitive to temperature as fat. It can be broken down through a
biological process; it can take 12 times more energy to break down oil than the organic
substance. Despite there are many different types oil, but vegetable oil is very popular, normally,
vegetable oil use in liquid form, also it can be solid. Table2. Lists several different types of
vegetable oils that are commonly used and their physical properties.
Oil has the ability to separate influenced not only by temperature, but also by how the oil
was ,generated and used. Free oil can be easily raised to the wastewater surface and separated
when the mixture is allowed to become motionless. Emulsified oil can break down to very small
droplets and occurs either by chemical or mechanical action. For example of mechanical
emulsification happened when hot water is mixed with the oil. After period time and a decrease
temperature, oil can be separated. When detergents or cleaners mix with the oil in water by
chemical emulsification, it takes a longer time to separate (University of Minnesota, 2011 ).
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Table 7: Comparison of commonly used vegetable oil (source Wikipedia)
Vegetable oils
Type of oils

-Saturated

Mono-

fatty

unsaturated

acids

Canola (rapeseed)

7.365

fatty acids

63.276

Polyunsaturated fatty acids

Smoke
point

Total

linolenic

Linoleic

polyunsaturated

acid

acid

(co-3)

(co-6)

10

10

28 .142

400 Of
(204 °C)

Coconut

91.00

6.000

3.000

2

350 Of
(177

Com

12.948

27.576

54.677

1

58

oq

450 Of
(232 °C}

Cottonseed

25.900

17.800

51.900

1

54

420 Of
(216 °C)

Flaxseed/Linseed

7.5

15.5

79

64

15

(107 °C)

(European)
Olive

225 Of

14.00

72.00

14.00

1.5

15

380 Of
(193 °C)

Palm

49.300

37.000

10

9.300

455 °P
(235 °C)

Safflower

8.00

15.00

75.00

410 °P
(210 °C)

Soybean

15.650

22.783

57.740

7

50

460° F
(238°C)
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2.5.4 Grease
Grease is one of the petroleum-based and it can be toxic to a system, grease cannot be broken
down because is petroleum based, but it can be separated. Grease comes from soaps, lotion and
hair products. Usually, there will be a higher percentage of grease in the FOG from residential
systems when compared to most commercial systems. Grease can build up over time, coating
components and inhibiting treatment of other constituents in the wastewater (University of
Minnesota, 2011).

3. 6 wastewater treatment
The aims of wastewater treatment are: to convert the waste materials present in wastewater
into stable oxidized end products which can be safely discharged to inland or coastal waters
without any adverse ecological effects; to protect public health; to ensure wastewater is
effectively disposed of on a regular and reliable basis without nuisance or offence; to provide an
economical method of disposal; and more recently, to recycle and recover the valuable
components of wastewater (Gray, 1989).

2.6.1. Unit treatment processes can be classified into five stages:
2.6.1.1 Preliminary treatment:
The removal and disintegration of gross solids, the removal of grit, and the separation of
storm-water, oil and grease are also removed at this stage if present in large amount.

2.6.1.2. Primary (sedimentation) treatment:

The first major stage of treatment following preliminary treatment, which are usually
involves the removal of settle able solid which are separated as sludge.
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2.6.1.3. Secondary treatment:
The dissolved and colloidal organics are oxidized in the presence of microorganisms.

2.6.14. Tertiary treatment:
Further treatment of biologically treated effluent to remove BOD, bacteria, suspended
solid, specific toxic compounds or nutrients to enable the final effluent to comply with a standard
more stringent than before discharge.

2.6.1.5. Sludge treatment:
The dewatering, stabilization and disposal of sludge.

2.6.2. Methods for wastewater treatment
There are some methods to treatment oil in wastewater, classification of oil waste
treatment processes:
Physical method such as carbon adsorption, membrane filtration and using reserve osmosis
treatment is very effective to remove dissolved and emulsified oils (Rhee et al, 1983). Another
method is to remove oil and grease using skimming tanks which oil and grease is trapped in
treatment plants (Gawad, 2014)
The main disadvantage of physical methods is their low efficiency of removal. The remaining oil
FOGs causes clogging of pipes in treatment units that need cleaning.

Biochemical method is the usage of enzymes such as lipase and surfactant. In addition, it should
be mentioned that the application of these enzymes are recently becoming popular. It has
potentially increased more attention due to their effective performance on degradation of
vegetable oils (Gawad, 2014).
18

Biological treatment is effective in degrading dissolved oils and other types of stabilized

emulsions which cannot be destabilized by chemical coagulants. However, a biological system is
only effective on very weak oil-contaminated wastewaters (Rhee et al, 1983). Bio-extract is a
tools that we can use for treatment wastewater, because in bio-extract there are effective
microorganisms, bio-extract contains naturally occurring microbes that have ability to reduce
biological toxicity in the wastewater as well as remove the foul odor (Higa, 1995). Many
microorganisms that are capable of degrading FOGs have been isolated from soil and water
samples such as Bacillus, Pseudomonas, Barkholderia, Acinetobacte, Escherichia and fungi they
can degraded Olive oil and tributyrin (Matsumiya, 2007). An European company of
environmental biotechnology research, using process called bio-fixation which bacteria in
granules to degrade almost all industrial and municipal organic pollutants such as FOG from
wastewater (Nasr, 2010). The research from Mongkolthanaruk et al. (2002) showed that
consortium of 3 bacterial of

Bacillus sp. , Acinetobacter calcoaceticus and Pseudomonas

aeruginosa could be successfully use for lipid-rich wastewater, this research showed reduce the

lipid from 3,600 mg/land 2,100 mg to less than 20 mg/l within 12 days.

2. 7. Consortium of bacteria
A consortium is a group of specific microorganisms which has capability to degrade the
components present in the wastewater (Dhall et al., 2012). The use of single microorganism may
not be sufficient to degrade organic matter. A mixture of microorganism may have an increasing
effect on the biomass activity growth efficiency, and enzyme production (Fadile et al., 2011).
Fadile showed degrading lipid-rich in wastewater by mixture of bacteria is more efficiently.
Kachien's and Momba (2015), used mixture of three protozoan species, namely Aspidisca sp.,
Trachelophylum sp. and Peranema sp. to degrade fat and oil in domestic wastewater. This study

found protozoan isolates as revealed by low biodegradation of oil. Cipinyte et al., (2009) show
mixed culture cultivated of bacteria biodegradation gradually slowed down; however, after 72
hours of degradation by the mixed culture, the concentration of sunflower oil decreased from the
initial value of 5.0 to 0.52 g/l (90% of oil was degraded). Bio-extract is mixture of
microorganisms, it has potential to degrade oils in wastewater (Chiu, 2012).
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2.8. Lipases
Lipases (EC 3.1.1.3) are the most important groups of biocatalysts for biotechnological
application. They catalyze the hydrolysis and synthesis of esters from glycerol and long chain
fatty acid (Dey et al.,_2014). Microorganism have been found produce emulsifying agents or biosurfactant to help solubilize lipid (Van Dyke et al. 1991). lipolytic enzymes play an important
role in the turnover of the water-insoluble compounds, it can break down lipid. Psychrotrophic
Gram-negative bacteria, such as Pseudomonas species, pose a significant spoilage problem in
refrigerated meat and dairy products due to secretion of hydrolytic enzymes, especially lipases
(Hasan et al., 2005). In this research bacteria from bio-extract have shown ability to produce
lipase.

Chapter III

Methodology
4. Materials and methods
In this experiment our sample is commercial bio-extract purchased from Royal project shop.

3.1. Screening and isolation of bacteria

Two ml of bio-extract were add to M9 liquid media which enrichment with 1% (v/v)
soybean or 1% (v/v) palm oil. Incubated it for one week at room temperature. The enriched
sample were screened for lipid degrading organisms using serial dilution in and spread onto the
M9 agar plates and 0.5x PCA plates the recipe is in Appendix A ( 0.5x PCA media is half
concentration of normal PCA). Both media enriched with 0.2% (v/v) palm oil or 0.2% (v/v)
soybean oil.
Drop plate method and PCA media was used for selecting the biggest clear zone, for this
part prepared 0.5x PCB broth for palm oil or soybean oil and PCB for tributyrin. Both 0.5x PCB
broth enriched with 0.2% (v/v) palm oil or 0.2% (v/v) soybean oil after that the microorganisms
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inoculated into them, after 48 hours measured the OD 600 ,(appendix C) then prepared 0.5x PCA
media which enrichment with 0.2% (v/v) soybean or 0.2% (v/v) palm oil, also prepare media that
contain 1% (v/v) tributyrin as a control, put 10 µI of microorganisms in the enrichment plate.
The other method wei:e streak method as a selected best strains of bacteria, for this condition
0.5xPCA media

prep~ed

and then the bacteria streak into the plate, finally measured the size of

clear zone by Vernier caliper.

3.2. Identification of bacteria
3.2.1. The bacteria screening using Gram stain

Gram's staining will be used in-order to primarily classify the bacteria. From 48hrs slant
cultures, stained the cells using Gram' s stain and observed the colony under the microscope,
there were two groups of bacteria gram positive rod shape, and gram negative rod shape.

3.2.2. Biochemical test
To identify the isolated strains, morphological and physiological characteristics will be
examined according to the method of "Bergey's Manual of Determinative bacteriology'', the
corresponding test were performed according to the dichotomous key as showed in Appendix D
and E (1957).

a. Oxidase test. (Shields and Chathcart, 2013) The oxidase test is a biochemical reaction that
depend on presence of cytochrome oxidase, some of the bacteria can produce an enzyme that
called indophenol oxidas (Gabyhe and Free, 1985). For this test soaked a piece of filter
paper in 1% Kovaces Oxidase reagent, then use a loop and pick of isolated colony from fresh
( 48hrs) bacteria plate and rub onto filter paper, after that observed the change of the color
b. Catalase test. (Reiner, 2013) This test is depend on the presence of catalase, an enzyme
that catalysis the release of oxygen from hydrogen peroxide H202, it is used to
differentiate those bacteria that produces an enzyme catalase. The slide method used in
this test. Use a loop to transfer a small amount of colony growth in the surface of a clean,
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dry glass slide. Then added a drop of 3% H102 in the glass slide, after that observed

oxygen bubbles.
c. Fermentation g[ glucose. Reiner, (2013) Carbohydrate fermentation tests detect the
ability of microorganism to ferment a specific carbohydrate. During fermentation an
organic substrate as a final electron acceptor the end product of carbohydrate
fermentation is acid or acid with gas. Fermentation are detected by the color change of a
PH indicator when acid product are formed. Phenol red is used as a pH indicator (Vera,
1948).
d. Fluorescent diffusible yellow pigment. Talaiekhozani et al.,( 2015) UV fluorescent
pigment is characteristic of some strain of Psedomonas spp. But not all Psedomonas spp.
e. Na+-required for growth . Shields and Tasang, (2013) the optimum NaCl concentration to
growing for Aeromonas is 0-4 % (Harf-Monteil et al, 2004). In this experiment the PCA
media enriched with 7% NaCl.

f

Oxvgen required to growth. Eddleman, (1999) There are three groups bacteria for oxygen

required to growth, some group are aerobic bacteria, these groups of bacteria use oxygen
to growing the other groups can grow without oxygen, and the third groups are
facultative bacteria these group of bacteria; If oxygen is available can grow with oxygen
but if there were not oxygen they can use the other source of electron. For this part the
deep tub was preferred.
g. Voges-proskauer (VP). McDevitt, (2013) The Voges-Proskauer test determines the
capability of some organisms to produce non acidic or neutral end products, such as
acetyl methyl carbinol, from the organic acids that result from glucose metabolism.
M9pl6y and M9p8y inoculated to VP broth, incubated for 24 hours at 37° C. the result
show after add 2-3 drops Barritt's reagent, is a mixture of alcoholic a-naphthol and 40%
potassium hydroxide solution. A deep cherry color in the culture after adding the Barritt's
reagent is positive result.

h. Motilitv test. Motilitv. Shield and Cathcart, (2013) Test medium is used to determine the
motility of microorganisms. Motility in bacteria can be provided by a variety of
mechanisms, but the most common involve flagella (Jarrell et al, 2008).
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i.

Gelatin hvdrolase

~bacteria.

Edison and Martin, (2013) Gelatin hydrolysis detects the

presence of gelatinases. Gelatinases are proteases secreted extracellularly by some
bacteria which hydrolyze or digest gelatin
j.

Starch hydrolase test. Lal and Cheeptham, (2013) the bacteria inoculated to the starch
agar for 72 hours at 37°C. The negative result showed the purple color by poured the
iodine on the plate and positive result show the clear zone with iodin.

k. Arginine dihydrolase. Himedia, (2015) the purpose of this test is to see if the microbes can
use the amino acid arginine as a source of carbon and energy for growth. Bromo cresol
purple is the pH indicator which forms purple color in alkaline condition. Color change from
purple to yellow and then back to purple is positive reaction.

3.3. Enzyme activity
3.3.1. Preparation of crud enzyme extract
The lipase assay was carried out according the method of titration, modified from Dey et
al, (2014), using palm oil as a substrate at 30° C.
The bacteria were grown in Erlenmeyer with 50 ml of0.5x PCB media contain 1% (v/v) palm oil
as substrate, the flasks incubated in shaker incubator with 120 rpm at 30° C for 24 hours. Then
the cell harvested by centrifugation at 5000 for 15 minute. The supernatant was stored at -20° C
for enzyme activity.

3.3.3. Lipase assay
The bacterial culture supernatant were centrifuged at 5000 for 15, then add lml of O. lM
Tris-HCl buffer (pH 8), 50mM KCl, 200 µl Tween 80, 1 ml palm oil and 1 ml of culture
supernatant, mixed well on shaker incubator with 60 rpm for 3 hours at 30° C. Then added 3 ml
ethanol, the mixture was shaken vigorously to stop the enzyme reaction and the emulsion break
down, after that the titration was done with 10 mM NaOH, using phenolphthalein indicator. One
unit of lipase activity was amount of enzyme required to liberate 1 µM equivalent of free fatty
acid per minute. Specific activity was as units of lipase activity per milligram protein. Specific
activity was measured by using following formula.
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.
. .
(ml titrant ..,..min) xmolarity oftitrant xIOOO
Specific activ1ty=
.
.
Amount of protem -;-}000 (mg)

3.3.4. Protein assay
Protein assay was determined following the method of Bradford (1976). Using the BSA
protein to made standard curve, information used for calculating enzyme specific activity. The
figure of standard curve shows in Appendix F.

Chapter IV

Result and discussion
4 .1. Screening and isolation of bacteria
The bacteria isolation was carried out, 30 strains were isolated, 18 strains were from
enrichment M9 media and 12 strains were from enrichment 0.5x PCA media that made clear
zone, these were included 15 strains of bacteria and 15 strains of yeast. The result of Statistical
Analysis System (SAS), illustrates that 15 strains of bacteria showed significant difference (P<
0.05) in the ability to degrade three kinds of oil, (palm oil, soybean oil or tributyrin) according to
the size of clear zone. All of the bacteria can degrade tributyrin, but 8 of them have ability to
degrade palm oil. The bacteria showed the ability to degrade palm oil better than soy bean oil.
The result of clear zone showed in table 3. According to the statistics analysis, bacteria degrade
palm oil better than soybean because most of bacteria degrade palm oil. In general, the bacteria
showed the ability to degrade palm oil better than soy bean oil; it depends on the structure of
different type of oil. Tributyrin has a simple structure ofbutyric acid and glycerol, so the bacteria
can hydrolysis it easier than other oil. The other oil which was used in this experiment was palm
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oil and soybean oil. The 8 of the bacteria could degrade palm oil and 7 strains can degrade
soybean oil, depending on what kind of lipase which was produced by bacteria. They can
degrade palm oil better, because the major component of palm oil; palmitic acid (44% - 45%),
and oleic acid (39% - 40%), palmitic acid is saturated fatty acid and oleic acid is unsaturated
fatty acid with linolei~ acid (10% - 11 %), but soybean oil contains (85% - 88%) unsaturated fatty
acid which is oleic, linoleic, and linoleic acid (12%-15%) saturated fatty acids.
The bacteria which isolated from bio-extract categories in three groups in drop plate
method, the first groups include, Pcp3y, Pcp16y, M9p10yy, M9p5y, M9p16y, M9p15y, M9p8y,
in palm oil, they are the same to degrade palm oil, and M9p 16y, Pep 16y, Pep 17y M9p5y and
M9p8y in soybean oil according the size of clear zone are the same, these bacteria make biggest
size of clear zone in palm oil and soybean oil.
The second groups of bacteria include, M9p10yy, M9p15y in soybean, and Pcpl 7y in
palm oil, are the same to degrade oils. The size of clear zone is not significant different. But the
size of clear zone less than first groups.
The third groups of bacteria include, M9p10ycs, M9pl0ycb, Pcp4y, M9p3y, M9p4y,
Pcp5y, and M9p8w2 in both oils are the same to degrade oils. The third groups of bacteria did
not degrade oils.

The second method which was used to compare the size of clear zone is streak method,
the result of statistical analyses showed the bacteria categories in two groups. According to this
method the bacteria which degraded palm oil and soybean oil is the same bacteria which degrade

in drop plate method, such as, M9p10yy, M9p5y, M9p16y, M9p15y, M9p8y, Pcp16y, and
Pep 17y that can confirm drop plate method.
As a result 8 strains degrade palm oil in drop plate method, 7 strains degrade soybean oils
in drop plate method, and 13 strains degrade palm oil in streak method. 7 strains degrade
soybean oil in streak method. Bacteria in streak method degrade better than drop plate method, in
streak method the number of bacteria is not defined but in drop plate method the number of
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bacteria is defined. The bacteria which degrade in drop plate method are common in streak plate
method such as M9p8y, M9p16y, Pcp16y, M9p15y, M9p10yy, Pcp17y, and M9p5y.
M9p5y make biggest clear zone in soybean oil (0.14 ± 0.06 cm) and palm oil (0.19 ± 0.06
cm) in drop plate metbod; it also makes clear zone in streak method but the size of clear zone is
less than drop plate method. Pep 16y is the other strain that make big size clear zone in palm oil
(0.18 ± 0.02 cm) and soybean oil (0.13 ± 0.04 cm). M9p10yy degrade palm oil (0.16 ± 0.03 cm)
better than soybean oil (0.02 ± 0.01 cm) (the smallest size of clear zone). M9p16y is the other
strain that degrade palm oil (0.13 ± 0.06 cm) and soybean (0.14 ± O.Olcm) efficiently, M9p8y
also is the same M9p16y, it degraded palm oil (0.14 ± 0.05 cm) and soybean oil (0.12 ± 0.03
cm). M9p15y degrade palm oil (0.15 ± 0.00 cm) and soybean oil (0.03 ± 0.00 cm) in drop plate
method and streak method (0.06 ± O.Olcm). Pcpl 7y degrade palm oil (0.06 ± 0.00 cm) and
soybean oil (0.14 ± 0.02 cm) this strain degrade soybean oil better than palm oil.

PcpSy,

M9p8w2, M9p4y, Pcp3y and M9p3y degrade palm oil but they did not degrade soybean oil
efficiently. These strains degrade palm oil in streak method. It means the lipase that these strains
produced have the ability to degrade palm oil due to the structure of palm oil. So, 7 strains
showed the best ability to degrade palm oil and soybean oil in both methods, namely M9p5y,
M9p 16y, M9p8y, M9p 1Oyy, M9p 15y, Pep 17y, and Pep 16y.
In previous research, bio-extract showed the ability to reduce amount of oil and grease
77.2% in wastewater of shopping malls (Chiu, 2012). The other research showed the bacteria
which isolated from soil, such as Bacillus, Pseudomonas, Burkholderia, Acinetobacte,

Escherichia and fungi can degraded Olive oil and tributyrin (Matsumiya et al., 2007). In this
research the 47% bacteria from bio-extract produce lipase to degrade palm oil and soybean oil.
100% of bacteria shown the ability to degrade tributyrin. In future studies, it is recommended to
study degrading different oils with yeast from bio-extract, because during this research the yeasts
have shown good ability to degrade different oils.

26

Table 8: The size of clear zone for 0.5x PCA + (0.2% v/v) Palm oil and 0.5 PCA + (0.2% v/v) Soybean
oil and 0.5x PCA + Tributyrin (1 % v/v) in streak method and drop method

0.5 PCA + Soybean oil

0.5 PCA +Palm oil
Streak
method
size of clear
zone (cm)

Drop method

l.m9p8y

0.5 PCA + Tributyrin

Drop method

Drop method

Streak method

size of clear
zone (cm)

Streak
method
Size of clear
zone (cm)

Size of clear
zone (cm)

Size of clear zone
(cm)

Size of clear
zone (cm)

0.13±0.00bc

0.14±0.05becd

0.09±0.02gefhd

0.12±0.03bc

0,256±0.044

0.17±0.01

2.m9p16y

0.12±0.02°cd

0.13±0.06bc

0.08±0.01 sfh

0.14±0.0lbc

0.188±0.035

0.21±0.03

3.pcpl6y

0.06±0.00gih

0.18±0.02ab

0.09±0.01 gefhd

0.13± 0.04bc

0.125±0.035

0.21±0.02

4.m9p15y

0.07±0.028 ih

0.15±0.00bc

0.06±0.0lgifh

0.03±0.00d

0.138±0.018

0.19±0.01

5.pcp17y

0.07±0.0080fh

0.06±0.00d

0.10±0.01 gefcd

0.14±0.02bc

0.363±0.035

0.28±0.03

6.m9p5y

0.08±0.02bc

0.19±0.06bc

0.11±0.05efcd

0.14±0.06bc

0.219±0.062

0.24±0.03

7.m9p!Oyy

0.06±0.02sih

0.16±0.03bc

0.04±0.0lgefhd

0.02±0.0ld

0.187±0.035

0.14±0.00

8.m9p!Oycs

0.00±0.00i

0.00±0.00°

0.00±0.00i

0.00±0.00°

0.15±0.035

0.12±0.08

Name

9.m9p10ycb

0.00±0.00i

0.00±0.00°

0.00±0.00i

0.00±0.00°

0.15±0.017

0.3±0.16

10.pcp5y

0.17±0.00abc

0.00±0.00°

0.00±0.00i

0.00±0.00°

0.20±0.08

0.17±0.00

ll.m9p8w2

0.17±0.oo•

0.00±0.00°

0.00±0.00i

0.00±0.00°

0.37±0.21

0.19±0.06

12.m9p4y

0.15±0.02ab

0.00±0.00°

0.00±0.00i

0.00±0.00°

0.36±0.018

0.24±0.00

13.pcp4y

0.03±0.09ii

0.00±0.00°

0.00±0.00i

0.00±0.00°

0.26±0.00

0.2±0.08

14.pcp3y

0.08±0.02ih

0.21±0.oo•

0.00±0.00i

0.00±0.00°

0.27±0.03

0.15±0.02

15.m9p3y

0.05±0.06gefcd

0.00±0.00°

0.00±0.00j

0.00±0.00°

0.28±0.035

0.22±0.00

Note: the bacteria categories in different methods (streak method and drop plate method) according to Statistical Analysis System

4.2. Identification of selected bacteria
4.2.1. Gram staining

Slant cultures were taken after 48 hours, the stained cells used Gram's stain and observed
the colonies under the microscope. The selective bacteria were consisted of two groups, gram
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positive, rod shapes, and gram negative, rod shape. M9pl0yy, M9p5y and Pcp16 were gram
positive rod shape and M9p16y, M9p8y, Pcpl 7y and M9p15y were gram negative rod shape.

4.2.2. Biochemical test
The biochemical test was carried out according to the guide line from Bergey ' s manual of
determinative bacteriology (University of Idaho). The table 4. Shows biochemical characteristic
of bacteria.

Table 9: Biochemical characterization of seven isolated bacteria from bio-extract

Test
Gram test
Oxidase
Catalase
VP
Glucose
Motility
Gelatin
Arginine
Spore
Na+ required
Oxygen require
Fluorcent
Starch

M9p5y
+Rod

Pcp16y M9p10yy
+Rod +Rod

-

-

-

+
na

+
na

+
na

-

-

na

na
+
na
+

M9p8y
-Rod
+
+
+
+

M9p15y
-Rod
+
+
na

-

M9p16y
-Rod
+
+
+
+

-

-

-

-

+

+

-

na

na

na

na

-

-

-

-

na
+
na
+

na
+
na
+

-

na
+

na
+

..

+
na
na

+

Pcp17y
-Rod
+
+
na

na

-

-

na

+

+

Note:+ positive reaction, - negative react10n, na, not analyzed

In this study, seven strains of bacteria selected and identification was carried out, for

more identification, molecular identification is necessary. Physical and biochemical test was
carried out to identify bacteria, as a result it showed these bacteria categorized in three groups,
the first groups (M9p5y, Pcp16y, and M9pl0yy) are gram positive and rod shapes bacteria which
might be Corynebacterium spp, because as a result it shows this genus of bacteria are non-motile
and straight to slightly, they widely distributed in different ecological such as soil, vegetables,
sewage, and skin (Burkovski, 2008). The other groups (M9p8y, and M9p16y) might be belong to
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the Aeromonas spp. because of their characteristics, they are gram negative, rod shapes and
fermented glucose; the other characteristic that made it different from other groups is that they
can grow in 0% NaCl but did not grow in 7% NaCl and also is VP positive, they are found in
aquatic environment (Abbott et al., 2003). The third groups of bacteria are M9p15y and Pcpl 7y,
accordingly the biochemical test results show these groups of bacteria might be Pseudomonas
spp. the genus Pseudomonas is gram negative rod shape, and aerobic that are wide-spread

throughout nature and ecologically significant they are found in soil, fresh water, and marine
environments and in plant (.Ugur et al., 2012). There are some species of Pseudomonas exhibit
activity of bioremediation and biocontrol agents in seawater (Tripathy et al., 2006). The aerobic
degradation of FOGs in wastewater by active microbial cultures is a common and one of the
most efficient practices of biological treatment (Cipinyte et al., 2009).

5. 3. Growth curve
The figure 5, 6, and 7. Showed the growth curve of the 7 strains of selected bacteria.
These figures showed the bacteria have the highest growth in the 0.5x PCA media + 1% (v/v)
palm oil. It might be dependent on the structure of palm oil; the main fatty acid in palm oil is
palmitic acid (44% - 45%), and oleic acid (39% - 40%), it might be broken down ester bond
between glycerol and palmitic acid and use it as carbon source which is easier than the other
fatty acid. And the kind of lipase which bacteria produce. According to these figures the bacteria
in 24 hours can produce lipase for lipase assay as a research showed.
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Figure 13: Growth curves of selected bacteria in PCB broth+ soybean oil.
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Figure 14: Growth curves of selected bacteria in PCB broth+ palm oil.
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Figure 15: Growth curves of selected bacteria in PCB broth+ soybean & palm oil

4.4. Lipase activity
The crude enzyme was extracted and enzyme specific activity was canied out after
overnight and 24 hours, as the result showed in 24 hours bacteria have better lipase specific
activity; the result of overnight enzyme specific activity showed in Appendix H. The result of 24
hours shows seven strains produced lipase; statistical analyses system shown all of seven strains
which are not significantly different, they have ability to produce lipase. The figure 8. Shows the
result of enzyme specific activity, the maximum of enzyme activity is (0.27 ± 0.05 U/ml). In
previous research by Cypinyt (2009), shown the bacteria isolated from the environment polluted
with various lipid have potential to lipase activity, the best lipase activity was from Enterobacter

aerogenes and Arthrobacter sp it was 1.87 u/ml after 24 hours. Tanasupawat et al., (2015)
shows the Lactic acid bacteria from fermented meet has lipase activity in tween 80 (0.938±0.127
U/ml). The condition of Lactic acid bacteria was the same this research; it was at 30°C. In this
research M9p5y have shown the best activity to produce lipase (22.66 U/ mg).
The table 5. Shows the amount of protein for 7 strains of selected bacteria, as the table
shown the amount of protein in M9p10yy is higher than the other strains (19.11 ± 3.4µg/ml) but
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enzyme specific activity is (13.94 ± 1.2 u/ mg) despite M9pl0yy produced more protein but
protein is not lipase because enzyme specific activity is less than another. In this research
bacteria from bio-extract have shown the ability to produce lipase. Figure 9. Appendix G shows
the standard curve.

3.5

30
25

20
•average

Figure 16: Specific activity for seven strains of bacteria
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Table 10: Average amowit of protein and enzyme specific activity for seven strains of bacteria

Name

Average amount of
protein (µg/ml)

Average of
enzyme specific
activity (u/ mg)

Average of enzyme

13.94 ± 1.2
12.57 ± 4.2
18.86 ± 4.0
13.58 ± 4.2
13.88 ± 2.4
22.66 ± 5.9
14.35 ± 2.7

0.27 ± 0.05
0.23 ± 0.08
0.26 ± 0.04
0.22 ± 0.02
0.22 ± 0.01
0.25 ± 0.09
0.26 ± 0.04

activity (u/ml)

-

m9pl0yy
m9p8y
m9p16y
pcp17y
m9p15y
m9p5y
pcp16y

19.11±3.4
17.90± 1.2
14.17 ± 0.9
18.06 ± 8.2
15.81±1.6
12.14±6.8
18.13 ± 3.3

ChapterV

Conclusion

Thirty candidate colonies were isolated from M9 and 0.5x PCA media enriched by bioextract, 15 strains were bacteria. These bacteria degrade tributyrin, 7 strains including M9p8y,
M9pl6y, Pcp16y, M9p15y, M9p10yy, Pcpl 7y, and M9p5y selected as the best bacteria, due to
the size of clear zone to degrade palm oil and soybean oil.

The result obtained from this study

shows that all of them produce enzyme. The highest lipase specific activity is (22.66 ± 5.9 u/mg)
and the lowest is (12.57 ± 4.2 u/mg). These bacteria from bio-extract has proved to have
potential to use for degrading of palm oil and soybean oil in wastewater.
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Appendix
Appendix A. Media composition
Coomassie Brilliant Blue Solution (100) for protein assay
0.5ug/ul Bovine Serum Albumin
0.15 M NaCl
Table 1. Material for Commassie Brilliant Blue Solution
material

gram

Coomassie Brilliant Blue

lOmg

95% Ethanol

5 ml

85% Phosphoric acid

10 ml

Deionized H 20

85 ml

Filter through Whatman No.1 filter paper
Store at 4°C.

· Procedures
Table 2. Mix of the components and make triplicate tubes.
Tube Number

0.5ug/ul BSA

0.15MNaCl

Coomassie Brilliant Blue Solution

1

0

500

1 ml

2

10

490

1 ml

3

20

480

1 ml

4

30

470

1 ml

5

40

460

1 ml

6

50

450

1 ml

7

60

440

1 ml
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1. Allow to stand 2 minutes at room temperature.
2. Determine the Asgs using a 1 cm pathlength microcuvette(l ml) and make a standard
curve by plotting absorbance at 595 nm versus protein concentration.

Recipe media composition
Table 3. PCB broth media
composition

g/ liter

Casein enzyme

5

Yeast extract

2. 5

dextrose

1

water

1 liter

Note: Adjust the volume up to lOOOml by water.
Autoclave at 121°c for 15 mins
Table 4. Phenol Red Glucose broth

Composition

g/ liter

Trypticase

10

Beef extract

1

Glucose

5

Sodium chlorid

5

Phenol red

0.025

water

1 liter

Note: Adjust the volume up to lOOOml by water.
Autoclave at 121°c for 15 mins
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Table 5. Motility test
Composition

g/ liter

Pancreatic-digest of casein

10

Sodium chloride

4

Beef Extract

3

Agar

4

Triphenyl tetrazolium chloride

0.5

water

1 liter

Note: Adjust the volume up to lOOOml by water.
Autoclave at 121°C for 15 mins

Table 6. 10 x minimal media (M9 salt)
Composition

g/ liter

Na2Hpo4.2H20

75.2

KH2Po4

30

NaCl

5

NfuCl

5

Note: Adjust the volume up to lOOOml by water.
Autoclave at 121°c for 15 mins

j Glucose

40%

40

24.65 g/ 100 ml

14.70 g/100 ml

11 MCaCh.2H20

Table 7. Starch agar
Composition

g/liter

Beef extract

3

Soluble starch

10

Agar

12

Water

1 liter

Note: Adjust the volume up to lOOOml by water.
Autoclave at 121°c for 15 mins

Table 8. Arginine dihydrolase broth
Composition

g! liter

Peptic digest of animal tissue

1

Sodium chlorid

5

Dipotassium hydrogen phosphate

0.3

L-Arginine

10

Bromo cresol purple

0.016

Agar

3

water

1 liter

Note: Adjust the volume up to 1OOOml by water.
Autoclave at 121°C for 15 mins
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Table 9. Voges-Proskauer test
Composition

g/ liter

Potassium Phosphate

5.0

casem

3.5

Peptone

5.0

Dextrose

5.0

-

Note: Adjust the volume up to 1OOOml by water.
Autoclave at 121°c for 15 mins
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Appendix B. The result of OD 600 for growing curve
Table 10. The growth of selected bacteria in palm oil by OD 600nm

Table 10. The average growth of selected bacteria in palm oil by OD 600nm
time

m9p8y
0.27
0
2
0.30
4
0.35
0.37
6
24
0.40
26
0.42
48
0.48
54
72

0.52
0.49

pcp17y
0.27
0 .35
0.39
0.45
0.54
0.56
0.66

m9p5y
0.29
0.35
0.79
0.82
0.84
0.84
0.80

0.68
0.62

0.79
0.76

m9p15y
0.28
0.34
0.38
0.49
0.70
0.75
0.75
0.69
0.67

pcp16y
0.31
0.37
0.39
0.47
0.54
0.54
0.56
0.55
0.53

m9p10yy
0.27
0.34
0.38
0.43
0.48
0.52
0.54
0.55
0.49

m9p16y
0.29
0.32
0.35
0.39
0.44
0.47
0.50
0.50
0.43

Table 11. The growth of selected bacteria in soybean oil by OD 600nm
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Table 12. The average growth of selected bacteria in soybean oil by OD 600nm

0
2
4

m9p8y
0.3605
0.389
0.424

6
24
26
48
54
72

0.455
0.505
0.554
0.5565
0.554
0.516

time

pcp17y
0.383
0~4045

0.433
0.4615
0.4965
0.544
0.5325
0.5245
0.493

m9p5y
0.3845
0.4115
0.455
0.4905
0.543
0.565
0.5775
0.545
0.498

m9p15y
0.384
0.415
0.445
0.494
0.5665
0.596
0.6545
0.6585
0.555

pcp16y
0.389
0.4025
0.437
0.4505
0.523
0.5395
0.582
0.5725
0.549

m9p10yy
0.384
0.4105
0.444
0.494
0.561
0.5685
0.606
0.5875
0.5335

m9p16y
0.3555
0.378
0.413
0.4645
0.6125
0.6675
0.6875
0.662
0.587

Table 13. The growth of selected bacteria in palm oil & soybean oil by OD 600nm

Table 14. The average growth of selected bacteria in palm oil & soybean oil by OD 600nm
time
0
2
4
6
24
26
48
54
72

m9p8y
0.3805
0.4095
0.445
0.4765
0.5795
0.6175
0.693
0.724
0.672

pcp17y
0.371
0.3995
0.4675
0.552
0.6315
0.6565
0.6235

m9p5y
0.361
0.385
0.421
0.479
0.5605
0.5805
0.605

m9p15y
0.393
0.4185
0.474
0.517
0.6495
0.67
0.627

pcp16y
0.357
0.3855
0.438
0.485
0.5755
0.6005
0.6515

m9pl0yy
0.379
0.4255
0.4715
0.5055
0.7325
0.763
0.72

m9p16y
0.401
0.4445
0.484
0.524
0.6475
0.694
0.7125

0.607
0.5615

0.587
0.5505

0.62
0.5555

0.6535
0.586

0.7205
0.6545

0.699
0.6955
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Appendix C. The result of OD for selecting bacteria according the size of clear
zone

Table 15. Result from OD 600
48 hour's
name

soybean

palm

PCB T

pcp5y

0.483

0.398

0.218

pcp17y

0.433

0.136

0.183

m9p10yy

0.406

0.159

0.237

m9p10ycs

0.346

0.159

0.234

pcp4y

0.291

0.207

0.388

m9p10ycb

0.291

0.135

0.257

m9p5y

0.269

0.027

0.234

m9p8w2

0.262

0.085

0.217

m9p8y

0.248

0.267

0.298

m9p15y

0.203

0.121

0.189

pcp3y

0.17

0.507

0.132

m9p3y

0.169

0.426

0.247

m9p16y

0.169

0.155

0.27

pcp16y

0.134

0.119

0.284

m9p4y

0.122

0.146

0.176
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Appendix D. The result of SAS
Table 16. The Statistical Analysis System (SAS) of the differentiation of 15 strains of bacteria

DF Type Ill SS Mean Square F Value Pr>F
Source
0.01802933
47.30 <.0001
14 0.25241059
mo
0.03574719
93.78 <.0001
1 0.03574719
oil
12.63 <.0001
14 0.06739240
0.00481374
mo*oil
0.00000263
1 0.00000263
0.01 0.9341
test
12.52
<.0001
0.00477417
14 0.06683832
mo*test
0.00014465
1 0.00014465
0.38 0.5402
oil*test
0.00605209
15.88 <.0001
mo*oil*test 14 0.08472920
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Appendix E. Flowchart
Gram Positive Rods ID Flowchart
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Appendix F: Flowchart

Gram Negative Rods ID Flowchart
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Appendix G. Standard curve

avrage of protein assay

y = 0.0244x

R2 =0.9944

0.8
E 0.6
c:

Ll'l

~

....,_.avrage

0.4

g 0.2

--Linear (avrage)
-

0
0

10

20

30

40

amount of protein ug

Figure 9. Standard curve of protein assay.
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Linear (avrage)

Appendix H. The result of overnight for enzyme activity
Result of Enzyme specific activity overnight for two strains

specific activity
16.0

14.0

14.0
12.0
10.0

8.0
6.0
4.0
2.0
0.0
m9p8y

m9p5y
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