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FOREWORD

Energy needs of our country is increasing by leaps and bounds and therefore there is a profound necessity to
explore all those possibilities of new sources of energies which would ease the pressure on our exchequer
several alternatives have been found to replace the fossil fuel both in the transport and power sector.
Karnataka State Council for Science and Technology (KSCST) founded in the year 1975 has always been in
the forefront in providing solutions to the decentralized energy requirements in the State through S&T
interventions.
Some of the success stories arising from the activities of the Council include – Design of novel biogas plant,
Solar collectors, Solar pond, Gasifiers, Design of high efficiency cooking stove (ASTRA Ole), setting up of rural
energy centres. Apart from playing a catalytic role in the implementation of sustainable technologies to societycentric problems / issues, the council has also been promoting research, development and innovation in
universities. Currently the Council has been focusing on Green Technologies as a part of it Environment
Awareness Programmes. In this venture we are proud to associate with Karnataka State Biofuel Development
Board (KSBDB) with whose support Council has setup a Biofuel Cell to promote Research and Development
in the field of Biofuel and also to provide training and awareness to different stake holders.
Innovation and technology are needed for self reliance in the energy sector which could be decentralized
based on the exploitation of natural resources that are renewable. Recognizing this need, the Council initiated
Student Project Programme, popularly known as SPP, as early as 1977. The main purpose of this programme
is to bring out hidden talent and innovative spirit in the minds of young engineers graduating from colleges
across the State. Under this programme, the Council has been providing both technical and financial support
to projects undertaken by final year engineering students and other universities of colleges. Since the 35th
series of SPP, KSBDB has come forward for funding the projects on biofuel and bio energy related projects. It
was for the first time that under SPP M.Tech and MSc projects were also invited for sponsorship by KSBDB.
Under the 38th series 116 no. of projects proposal were received, 59 projects were sanctioned and 35 projects
selected for final seminar and exhibition.
This is the 38th SPP – seminar and Exhibition in the series of student project programme which is being
conducted uninterruptedly since its inception. I am very happy to learn that Sahyadri College of Engineering
and Management, Mangalore is hosting this programme. I hope that this Seminar and Exhibition will inspire
students to be more innovative and build innovative society and justify the purpose of declaring this decade as
Decade of Innovations. I thank the Karnataka State Biofuel Development Board (KSBDB), Government of
Karnataka for their continued support in conducting of this programme.
Prof. M. S. Mohan Kumar
Secretary, KSCST
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ABOUT KSCST
Karnataka State Council for Science and Technology (KSCST) was established in 1975 to play a catalytic
role in promoting the application of Science and Technology in developmental processes of the state in order
to benefit a large segment of people. KSCST is the first State Council to be set up in the country to fulfill the
long-felt need of bringing together administrators, field level officers from various government departments,
scientists and technologists from research laboratories and research institutions. The Council has chosen
many areas like Energy, Agriculture, Water, Housing, Waste management, Health and Education for its
activities. The objectives of the Council are:


To identify areas for application of Science and Technology to development needs, objectives and goals
for Karnataka, and in particular, to the prevailing conditions of backwardness, rural unemployment and
poverty;



To advise government on the formulation of policies and measures including technical, administrative and
legal devices, which will promote such applications to identified needs, objectives and goals; in particular
to health, education and manpower utilisation with special emphasis on the development of human skills in
the rural areas and in the slums; and which will promote the scientific management of the natural
resources of the State;



To promote effective coordination and to develop and foster communication and other links between
centres of scientific and technological research, Government agencies, farms and industries so that
promising Research and Development work is initiated, promoted and effectively deployed in agriculture,
in government and elsewhere;



To initiate, support and coordinate applied research programmes in universities and other institutions in
areas identified to be specially suitable for the application of Science and Technology;



To prepare Science and Technology plans relevant to the development needs of the State;



To consider, and advise the government on such other matters as relevant to the application of Science
and Technology to the problems of Karnataka State.

The Council has executed a number of projects in these areas such as ASTRA OLE, Low cost housing,
Solar energy applications, Zoning atlas, Mapping for use in district administration, Water resources
development, Hand pumps for drinking water wells in villages etc.
The Council has constantly involved several institutions and governmental agencies to identify research
areas of major concerns in sectors such as Housing, Energy, Water supply, Ecology and Environment,
Industries and Rural employment.
The Council has undertaken several path breaking programs in the area of Energy. To name a few, it has
setup a rotor windmill for pumping water at Ungra, a community biogas service unit supplying water and
electricity in Pura, Energy Parks in different parts of the state, Solar water heating systems in several places. It
has also set up Microhydel stations at Elaneer village in Dakshina Kannada district and Vanachalu village near
Mercara, which uses a modern technology of cross flow turbines.
The Council has assisted the state in district level planning in 30 districts through setting up of Natural
Resources Data Management System (NRDMS) centers in these districts. These centers use modern
scientific tools like Geographic Information System (GIS) and spatial data support system for identifying
locations with problems like drinking water supply, location of hospitals, schools, etc.
KSCST : SPP – 38th Series : Biofuel Projects Compendium : 2014-15
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Rainwater Harvesting is one of the important programmes of the Council. Last year, the Council opened a
“Help Desk” jointly with BWSSB, to promote Rainwater Harvesting in Bangalore City. The Council has
conducted state-level survey on treatment of municipal solid and liquid wastes and their recycling. Patent
Information Centre (PIC) has been functioning to bring awareness about Intellectual Property Rights (IPR)
among scientific and student communities and to assist in filing applications.
One of the major objectives of the Council has been to improve the quality of education in our colleges
and, in view of this; the Student Project Programme (SPP) was started during 1978–79 to sponsor engineering
student projects. This innovative programme has been playing a very important role in engineering education
sector for last three decades and has become a flagship programme of the Council. Many projects, sponsored
in this programme, deal with technology applications very relevant to the State. During the 37th series (201314) of this programme, activities of which were initiated September 2012, a total of 363 projects from 98
colleges were sponsored by the Council. Since its inception in 1978, the Council has supported more than
7000 projects under this programme.
In the current scenario of fuel crisis several alternates to fossil fuel are being considered for extensive
research and development for finding a robust and cost effective technology for large scale production. One
such fuel which is gaining momentum is the Biofuel. Biofuel is a green fuel obtained from vegetative sources,
Agro waste, food waste and other such organic sources. Council has also taken initiative in this field and has
set up a Biofuel Cell with the support and funding from Karnataka State Biofuel Development Board (KSBDB),
Government of Karnataka. KSBDB has set up district Biofuel Information and Demonstration Centres in all the
districts of the State which is being coordinated by the Biofuel Cell. There are several major initiatives by
KSBDB in creating awareness about and promoting Biofuel in the State of Karnataka. Similarly, KSBDB has
also come forward for the 4th consecutive year to support the Student Project Programme (SPP) for the
Biofuel Projects under the 38th Series of SPP with an object to kindle research and development in the area of
biofuel for improvement in the production technologies and value addition of biofuel.

*~*~*
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KARNATAKA STATE BIOFUEL DEVELOPMENT BOARD
Karnataka took the lead in constituting the Biofuel Task force during September 2008 for effective planning
and implementation of the biofuel progamme. The Task force was entrusted with the responsibility of advising
the Government and to create an enabling atmosphere in the State. The Task Force gave its
recommendations to the Government for its effective implementation and thus Government constituted
Karnataka State Biofuel Development Board under Registrar of Societies Act and Hundred percent funded it.
Karnataka State Biofuel Development Board (KSBDB) was constituted under the Rural Development and
Panchayat Raj Department during December 2010 with the objectives of taking forward the Biofuel Policy of
Karnataka
Aims and Objectives of KSBDB
KSBDB acts as an independent autonomous body with the following objectives
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Help Government design and adopt Biofuel programme.
Implementation of such programme in tune with the policy.
Identification of suitable land for raising Biofuel crops.
Selection of suitable mix of plant species for different geo-climatic conditions.
Raising of quality seedlings through self help group, Village forest, committees (VFCs).
To ensure total participation of the communities.
To create awareness among the farmers to adopt Biofuel activities for the additional income.
To provide right impetus to ethanol production and usage.
Promotion of crops such as sugar cane, beet sugar, sweet sorghum, cassava etc., as feedstock for
ethanol production.
Setting up information and Demonstration centres for Biodiesel production.
Establishment of seed collection networks.
Programmes for value addition and usage of value added products in rural areas.
Establishment of clonal orchards in different regions across the State.
Encouraging various research activities in the entire Biofuel value chain involving Universities and
research organisation.

KSBDB in association with the State Forest Department, University of Agricultural Sciences, and other
institutions has initiated action for producing seedlings for raising of plants for establishing plantation and
also for the community to grow in the marginal land. The large scale planting requires supply of the feed
stock supply is assured with high oil content and good yield of seeds. In this context, clonal orchards of the
selected species are established across the State in different agro climatic zones. To meet the required
demand of the planting material, appropriate species suitable to the different agro-climatic / ecological
regions as many number of clonal orchards required for different species and the regions ranging from
Coastal, Western ghats, Transition zone, Eastern plains along with the latitudinal variation of the bioclimate are being considered. This effort is expected to meet the requirement of the seed material for
nurseries to raise quality seedlings with known high oil content and yield of seeds.
KSBDB has set up Information and Demonstration centres in all the 32 districts of the State to provide
information on biofuel for students, scientists, entrepreneurs, farmers, biofuel cultivators, researchers and
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general public. Recently KSBDB is also set up one more I & D center in Central University Karnataka
located in Gulbarga those making it a total of 33 centers. The I & D centres provide information of
harvesting , processing, marketing, value addition and serve as a role model. 32 such I & D centers are
functioning with an installed pilot plant capacity of hundred liters per day. The responsibilities of the
information and Demonstration Centres shall meet the needs of all stake holders in biofuel development.
The I & D Centers shall endeavour to contribute to the socio-economic development of the nation by
demonstrating the entire Biofuel value chain.
The biofuel programme in Karnataka is designed to bring about total participation of the farming
community, landless labourers, Self Help Group and NGOs. The plantation on Government land has been
taken up with the total involvement of Village Forest committees, Tank User Groups and Watershed
Committees set up at village level. KSBDB development programme has been recognised both at the
National and International level. The Karnataka model biofuel programme is being implemented in other
States of the country and also abroad.
To ensure effective implantation, monitoring ,evaluation of programs of KSBDB District Level Committees
are formed at all the Districts under the Chairmanship of Chief Executive Officer of Zilla Panchayat and the
members are from Departments of Agriculture, Horticulture, Sericulture, Representatives of lead NGOs,
Principal Coordinators of I & D centres of KSBDB and convened by the Deputy Conservators of the
Forests, Social Forestry Division and Co-convened by the integrated Rural Energy Programme (IREP
Engineer).
Research programme are initiated in association with Universities and various Educational Institutions.
KSBDB has initiated many activities in promoting and implementing biofuels across the state with focus on
use of non-edible oil species and community participation. KSBDB has associated with KSCST for various
levels of research to be carried out in this direction. This attempt of associating with KSCST under their
Student Project Programme and inviting Engineering students and Post graduates students to take up
biofuels as their academic project and it has received a tremendous response from many colleges and
Universities across Karnataka. The support from KSBDB came during the 35th series of SPP wherein 31
projects were sponsored. Subsequently support also came for 36th and 37th series of SPP wherein 46 and
50 projects were supported respectively. In this 38th series of SPP once again KSBDB has shown keen
interest and has come forward to support 59 projects including 5 MBA projects. Out of 59 projects 35
projects (19 B. E., 3 M.Tech, 10 MSc and 3 MBA) have been selected for the final seminar and exhibition
to be held at Sahayadri College of Engineering and Management, Mangalore on 20th and 21st
August 2015..
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PROJECT REFERENCE NO.: 38S_B_BE_007

1. PRODUCTION OF SINGLE CELL OIL FROM
MICROALAGAE GROWN IN
WASTEWATER AND CONVERSION OF THE SAME TO
BIODIESEL
COLLEGE
BRANCH
GUIDES
STUDENTS

:
:
:
:

B.V. BHOOMARADDI COLLEGE OF ENGINEERING AND TECHNOLOGY, HUBLI
BIOTECHNOLOGY ENGINEERING
DR. BASAVARAJ S. HUNGUND
MS. SOUMYA S. KOLACHAL,
MS. LEPAKSHI V. BIDARI,
MR. CHETAN J. VERNEKAR,
MS. BHAGYASHREE K. MAGDUM

OBJECTIVES
1. Obtaining high yield of biomass from selected genera of microalgae i.e., Chlorella sp MA-8 and MA-13.
2. Optimization of suitable harvesting method of microalgae.
3. Optimization of suitable lipid extraction method from microalgae.
4. Qualitative and Quantitative analysis of lipid by suitable analytical technique.
5. Growing and harvesting microalgae in waste water.
RESULTS AND DISCUSSION:
Results and discussion:
Single cell oil is successfully produced and extracted from Chlorella spp MA-8 and MA-13 strains of microalgae. The
results of different harvesting methods and fatty acid profiling by GC-MS analysis is discussed below. By visual
properties, it is found that, Chlorella sp MA-8 is having higher chlorophyll content than Chlorella sp MA-13.
Optimization of harvesting methods:
The biomass of Chlorella sp MA-8 harvested via centrifugation is the best suitable method as it harvested up to 0.983g
of biomass, where as filtration 0.12g, chitosan (flocculant) 0.72g, FeCl3 0.98, and (NH4)2SO4 0.95g of biomass. The
least harvested method is filtration. The biomass of Chlorella sp MA-13 harvested by performing centrifugation is the
best suitable method as it harvested up to 0.97g of biomass, where as filtration 0.21g, chitosan (flocculant) 0.81g, FeCl3
0.91, and (NH4)2SO4 0.902g of biomass.
GC-MS Analysis of lipid:
Considering the standard graph, it is clear that the oil extracted from microalgae contains oleic acid and linoleic acid. Our
experimentation results reported that Chlorella sp MA-8 has 39.06% of oleic acid and 60.94% of linoleic acid. Similarly
Chlorella sp MA-13 contains 45.63% of oleic acid and 54.37% of linoleic acid. From the literature it is noted that the most
abundant FAs in the lipid extracts (approx. 70% of total FAs), such as C16 hexadecanoic (or palmitic) acid, C18:1 (n-9)
oleic acid and C18:2 (n-6) octadecadienoic (or linoleic) acid. These FAs are normally treated as the major components
for microalgal biodiesel production. The US Department of Energy indicates that a perfect biodiesel should only comprise
mono-unsaturated fatty acids. It also shown that it is possible to operate an engine with a methyl ester containing more
than 30% of unsaturated acids. The European Standard EN 14214 limits linolenic acid methyl ester content in biodiesel
for vehicle use to 12% (mol). By considering all these information, we can confirm that the oil the extracted from
KSCST : SPP – 38th Series : Biofuel Projects Compendium : 2014-15
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Chlorella sp MA-8 and Chlorella sp MA-13 has all requirements for biodiesel to be in its stable form and also accounts
for ignition property of biodiesel.
Wastewater treatment:
The biomass of microalgae obtained by growing in waste water clearly explains that Chlorella sp MA-8 has grown better
when compared to Chlorella sp MA-13. It can also be noticed that, Chlorella sp MA-8 has grown much better in
wastewater than in BG11 media. This may be due to complex nutrients available in the waste water. The physicochemical parameters of treated and un-treated waste water were analyzed for COD, nitrogen content and phosphorous
content. Nitrogen and phosphorous plays an important role as major nutrient for growth of microalgae. These microalgae
utilize nitrogen and phosphorous present in the wastewater and grow, which accounts for water treatment. The COD of
waste water before treatment with microalgae was 55mg/ml, nitrate content 5.6mg/ml and phosphorous content
17mg/ml. When the treated water was analyzed for the same parameters, it showed good reduction in these contents.
Physico-chemical parameters of water treated from Chlorella sp MA-8 showed COD of 37mg/ml, nitrate content
4.60mg/ml and phosphorous content of 3.53mg/ml. Similarly physico-chemical parameters of water treated from
Chlorella sp MA-13 showed COD of 49mg/ml, nitrate content 5.18mg/ml and phosphorous content of 14.75mg/ml. This
experiment clearly depicts that the polluted waste water is successfully treated by microalgae as there is drastic
decrease in nitrate content, COD and phosphorous content from untreated water to treated water. Even though nitrate
was not much consumed by alage, but there is tremendous decrease of phosphorous content. This clearly shows that
these strains of Chlorella can be used for treating polluted waste water in an economical and eco-friendly approach.

*~*~*
PROJECT REFERENCE NO.: 38S_B_BE_011

2. SUPERCRITICAL FLUID EXTRACTION OF ESSENTIAL
OIL FROM PONGAMIA SEEDS AND YIELD
COMPARISION WITH OTHER CONVENTIONAL
EXTRACTION TECHNIQUES
COLLEGE
BRANCH
GUIDES
STUDENTS

: THE OXFORD COLLEGE OF ENGINEERING, BANGALORE
: BIOTECHNOLOGY ENGINEERING
: MR. PRADEEP MJ,
DR. BK MANJUNATHA
: MR. TEJAS N,
MR. DILIP S.,
MR.UMESH GOWDA

Objectives
 The objective of the proposed work was to extract essential oil content using super critical extraction from
Pongamia seeds.
 To determine the composition of the extracted product.
 Optimization of the parameters like pressure, flow rate of the super critical fluid.
 Comparison of yields from supercritical extraction and other conventional extraction techniques
Results and Discussion
1. Supercritical fluid extraction is a process of separating one component from another using supercritical fluid as the
extracting solvent.
2. The solvent used for extraction of essential oil from pongamia seed was R134a(1,1,1,2 Tetrafluoro ethane).
KSCST : SPP – 38th Series : Biofuel Projects Compendium : 2014-15
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3.
4.

The pongamia oil was extracted from 3 different techniques namely Supercritical extraction,Subcritical
extraction and Soxhlet extraction.
The extracted oil was finally compared with all the 3 methods mentioned above.
Table 1: The total yield comparision of Pongamia oil obtained from 3 different methods
Supercritical fluid extraction
Feed (kg)
Solvent

5
R134a

Parameters

Pressure 50bar
Temperature 60°C
Time 120min
1.61kg
92

Oil yield
Efficiency %



Soxhlet
extraction
5
Petroleum
ether
Temperature
60°C
Time 8h
1.29kg
74

Subcritical fluid extraction
5
R134a
Pressure 12bar
Temperature 40°C
Time 300min
1.41kg
80

The essential oil extracted from supercritical fluid extraction method comes under the category of low volume
high value product.
When compared to other two conventional techniques (Soxhlet and Subcritical extraction),Supercritical fluid
extraction emerged as a most economical process with highly purified final product.
The optimum conditions for the Supercritical fluid extraction for maximum yield was found to be(92%) at
Pressure of 50bar,Temperature of 500C, Solvent Flow rate of 7ml/s,Time of 120mins.




350
300
250
200
150
100
50
0
TEMPERATURE ( C ) PRESSUER (bar)

TIME (min)

Fig.1 Comparision b/w Supercritical and Subcritical extraction

*~*~*
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PROJECT REFERENCE NO.: 38S_B_BE_015

3. PRODUCTION AND CHARACTERIZATION OF BIO
ETHANOL FROM BANANA PSEUDOSTEMAND ITS
RENEWABILITY ANALYSIS AND PERFORMANCE
TESTING ON ENGINE TEST RIG
COLLEGE
BRANCH
GUIDES
STUDENTS

:
:
:
:

SHAIKH COLLEGE OF ENGINEERING AND TECHNOLOGY, BELAGAVI
MECHANICAL ENGINEERING DEPARTMENT
PROF.VEERANA DK
MR. SANTOSH KALHALLI
MR. MANJUNATH KORE
MR. MANOHARWALAGAD
MR. CHANDRAKANT REVANKAR

Keywords: Banana stem, biofuel, blending
Introduction
The demand due to rapid industrialization and growth in population, worldwide the demand for ethanol production is
increasing continuously. Conventional crop such as corn and sugar cane are unable to meet the global demand of
biofuels production due to primary value of food and feed. There of value of ligno-cellulosic substances such as Banana
Pseudostem waste ligno-cellulosic substances such as Banana Pseudostem waste is attractive feed stock for Bioethanol
production. The advantage of utilizing agro industrial waste is cost effective, renewable and abundant. Banana
Pseudostem waste could be a Bioethanol from Banana Pseudostem waste could be promising technology through the
process which is economic. The actual work deals with the process bioconversion of cellulose from Banana
Pseudostem waste, obtained from an Agro-industry, into ethanol by using the methods of acid pretreatment, hydrolysis
and fermentation by Aspergillus Niger. The process includes the pretreatment method of the Banana Pseudostem waste
fibers with dilute sulphuric acid and heating the mixture at a high temperature to break the crystalline structure of the
cellulose to facilitate the hydrolysis of cellulosic component by dilute acids. The hydrolysis of the cellulose content into
reducing sugars is done by dilute acid hydrolysis that involves incubation period at a high temperature for 72 hours.
Finally, the fermentation of the hydrolyzed waste is done using Aspergillus Niger under proper incubation conditions to
produce ethanol.
Objectives
 To collect and extract the banana pseudo-stem
 To study and characterize the ethanol produced by banana pseudo-stem
 To study the suitability of the oil for running the petrol engine
 To conduct the performance test and evaluation of the results with respect to the standard fuels
Methodology
Iodine Test
1. Add a few drops of iodine
2. This indicates the presence of Solution to about 1 mL of the
3. Appearance of deep blue color.
4. Starch in the solution.
5. Test solution.
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Benedict ’s test
• To 2 mL of Benedict’s reagent
• Add five drops of the test solution.
• Boil for five minutes in a water bath.
• Cool the solution.
• Formation of red, yellow or green
• Colour/precipitate.
• For sugar estimation method used is the dinitrosalicylic acid method-simple, sensitive and adoptable during handling
of a large number of samples at a time.
MATERIALS
• Dinitrosalicylic Acid Reagent (DNS Reagent)
• Dissolve by stirring 1 g dinitrosalicylic acid, 200 mg crystalline phenol and 50 mg sodium sulphite in 100 mL 1%
NaOH. Store at 4°C. Since the reagent deteriorates due to sodium sulphite, if long storage is required, sodium sulphite
may be added at the time of use.
• 40% Rochelle salt solution (Potassium sodium tartrate).
PROCEDURE
• Follow, steps 1 to 3 as in Nelson-Somogyi’s method to extract the reducing sugars from the test material
• Pipette out 0.5 to 3 mL of the extract in test tubes and equalize the volume to 3 ml with water in all the tubes.
• Add 3 mL of DNS reagent.
• Heat the contents in a boiling water bath for 5 min.
• When the contents of the tubes are still warm, add 1 mL of 40% Rochelle salt solution.
• Cool and read the intensity of dark red colour at 510 nm.
• Run a series of standards using glucose (0–500 ìg) and plot a graph.
Results and Conclusions
Banana Pseudostem waste has been found to be a good raw material for cellulosic ethanol production. The
pretreatment and acid hydrolysis of the BPW waste to convert the cellulose into reducing sugars has shown positive
results. The test for glucose in hydrolyzed and unhydrolyzed sample was carried out and the results suggest a positive
outcome for cellulose hydrolysis.
It is also confirmed that, the amount of released sugars upon hydrolysis increase with the concentration of acids used in
the acid hydrolysis. The rate of hydrolysis of cellulose in the Banana Pseudostem waste was found to be 0.158 and
0.049 mg/ml per hr when hydrolyzed with 5% and 2% H2SO4. So, by using 5% H2SO4 we can achieve better rate of
hydrolysis as well as cellulose conversion without seriously affecting the pH. Hydrolysis with 5% H2SO4 shows 8.1%
conversion of cellulose and the estimation of glucose in the unhydrolyzed samples shows that the cotton waste does not
have reducing sugars in it. So, hydrolysis produces enough amount of reducing sugars upon acid hydrolysis by dilute
acids. The released sugars were fermented for 9 days and the estimation of ethanol after each alternate day in the
cotton waste fermentation broth shows that the amount of ethanol increase each day, along with a regular decrease in
the sugar content of the broth showing that large part of glucose was utilized by Aspergillus niger and converted to
ethanol. It was estimated that at the end of 9th day of fermentation, at least 8-9 % ethanol was produced in the
fermentation broth approximately.
The concentration of glucose broth was estimated to be around 4.81 mg/ml in the hydrolyzed textile cotton waste which
was reduced to 2.09 mg/ml at the end of fermentation. The rate of consumption of glucose is lesser in the first 2 days of
fermentation, but increased during the next 4 days. Although the production of ethanol is slow, sugars released due to
hydrolysis of the cotton waste can be easily fermented by A.niger into ethanol. About 12.50 ml ethanol was
successfully recovered from the broth by simple distillation method which shows that the broth can be easily distilled to
recover and purify ethanol.
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Scope for future work
It can be concluded that Banana Pseudostem waste has a capability to undergo acid hydrolysis and fermentation for
production of bio-ethanol. Banana Pseudostem waste is a good source of cellulose and can be utilized for cellulosic
ethanol production. In the future the Agro-Industrial Banana Pseudostem waste, which is a waste byproduct of the
Agricultural industry can be used as a good raw material for ethanol production and also solve the problem of safe
disposal of the byproduct. In the future further improvements in the process can be carried out to enhance the
productivity.

*~*~*

PROJECT REFERENCE NO.: 38S_BE_B_020

4. EFFECT OF INJECTION TIMING AND INJECTOR
OPENING PRESSURE ON THE PERFORMANCE OF
PRODUCER GAS AND BIODIESEL FUELED DUAL
FUEL ENGINE
COLLEGE
BRANCH
GUIDES
STUDENTS

:
:
:
:

VSM INSTITUTE OF TECHNOLOGY, NIPANI
MECHANICAL ENGINEERING
DR. TUKARAM HADKAR
MR. SACHIN R GOLABHAVI
MR. SIDDALING R PUJARI
MR. PRASHANT A. SHIVARAJ
MR. MAHANTESH M GHORPADE

OBJECTIVES

•
•
•
•
•

To identify suitable non-edible oils and obtain their respective biodiesels.
To characterize the biodiesels and to check their feasibility as alternative fuels.
To establish different injection strategies such as injection timing, injector opening pressure.
To establish test facilities in which existing diesel engine will be modified to operate in dual fuel mode operating
on different biodiesel and producer gas fuel combinations.
To determine performance, emission and combustion characteristics of a single cylinder four stroke diesel
engine fuelled with selected biodiesels and producer gas fuel combinations for the above engine and fuel
injection modifications.

METHODOLOGY
In order to achieve the above objectives, the following methodology will be adopted in the present work:
• Development of a single fuel test rig using a single-cylinder, water-cooled, naturally aspirated, four-stroke diesel
engine with all necessary instrumentation to measure performance, emission and cylinder-pressure-crank-angle
data.
• Experiments with different injection timings and injector opening pressure to obtain baseline results on the
above CI engine set up for comparison.
• Conduct experiments with in-cylinder injection of selected biodiesels to generate base line data.
• Establish a dual fuel engine test rig with facility to vary injection timing and injection pressure.
• Comparison of results with the base diesel operation and suggesting suitable methods of operation in the dual
fuel engines with selected fuels.
KSCST : SPP – 38th Series : Biofuel Projects Compendium : 2014-15

17

RESULT AND DISCUSSION
Experiments were conducted on dual fuel operation with producer gas as inducted fuel and diesel, Honne biodiesel as
the injected fuels. A Venturi-type gas induction device was designed and incorporated in the gas pipeline. Performance,
emission characteristics were investigated for three injection timings of 190, 230 and 270 BTDC. The engine was
operated under dual fuel mode in which gas and liquid fuel supply being adjusted manually for maximum diesel
replacement at each load.
BTE %:
BP

D+PG (27 Degree BTDC)

HB+PG(19Degree BTDC)

HB+PG(27Degree BTDC)

HB+PG (23Degree BTDC)

0
1.04
2.08
3.12
4.16

0
6.5
12.2
16.3
19.3

0
4.8
8.4
11.1
13.3

0
5.2
9.2
12.3
16.2

0
4.1
7.1
10.1
12.1

5.2

21.2

15.4

20.1

14.2

Brake thermal
efficiency, %

It is observed that over the entire power range dual fuel version operates at a lower brake thermal efficiency for all the
injection timings as shown in Fig. This may be due to
D+PG (27 Degree BTDC)
increase in ignition delay of Honne biodiesel with the
24
presence of producer gas in dual fuel mode and also
20
due to lower burning rate of the producer gas itself.
16
Slight improvement was observed with the
12
advancement of injection timing. This is due to faster
8
Speed: 1500 RPM,
combustion rate in the phase following the premixed
4
Inj. Timing: 27 deg. bTDC,
combustion. The improvement in the combustion rate
Inj. Pressure: 205 bar for diesel-PG and
0
is the reason for increase in brake thermal efficiency.
230 bar HB-PG, CR: 17.5 Biomass: Coconut shel,
0
2 Brake power,
4 kW
6
The effect of injection timing is observed to be less at
part loads. The brake thermal efficiency with dual fuel
operation at injection timings of 190, 230 and 270 BTDC is 15.4%, 14.2% and 20.10%, respectively,
EGT:
D+PG (27 Degree BTDC)

0
1.04
2.08
3.12
4.16
5.2

150
200
225
280
325
380

HB+PG
BTDC)
260
300
365
425
510
565

(19Degree

Effect of brake power on exhaust gas temperature is
shown in Fig. Exhaust gas temperature is found to be
higher for dual fuel mode with Honne biodiesel and
Producer gas as compared to diesel-PG mode at all fuel
injection timings. The increase in exhaust gas
temperature in dual fuel mode of operation with Honne
biodiesel and Producer gas is due to the excess energy
supplied to the engine. Exhaust gas temperature is
found to be less at an injection timing of 270 BTDC,
which is an indication of better combustion.

HB+PG
BTDC)
225
260
300
400
450
520

(27Degree

HB+PG
BTDC)
275
360
420
475
600
710

(23Degree

D+PG (27 Degree BTDC)

800
Exhaust gas
temperature, deg. C

BP

600
400
200

Speed: 1500 RPM, Inj. Timing: 27 deg. bTDC,
Inj. Pressure: 205 bar for diesel-PG and 230 bar for
HB-PG, CR: 17.5 Biomass: Coconut shel,

0
0

2Brake power, kW4

6

HC (PPM):
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BP

D+PG (27 Degree BTDC)

HB+PG (19Degree BTDC)

HB+PG (27Degree BTDC)

HB+PG (23Degree BTDC)

0

18

32

25

28

1.04
2.08

19
20

38
44

28
32

30
34

3.12
4.16
5.2

22
25
28

50
60
72

34
40
47

38
50
61

Hydrocarbon emissions were observed in the range of 25–72 ppm for Honne biodiesel–producer gas throughout the
load range at all injection timings. Fig shows the effect of brake power on HC emissions for Honne biodiesel–producer
gas dual fuel operation. At lower loads, HC emissions were lower and found to increase with the load. HC emissions
trend is similar for both fuel modes of operation. At full load, the HC emission is found to be 72, 61 and 47 ppm for 190,
230 and 270 BTDC, respectively.
BP

D+PG (27 Degree BTDC)

0
1.04
2.08
3.12
4.16
5.2

10
12
15
20
25
31

HB+PG
BTDC)
27
29
31
38
52
69

(19Degree HB+PG
BTDC)
24
26
27
30
45
57

(27Degree HB+PG
BTDC)
30
33
36
45
63
75

(23Degree

SMOKE (HSU) :

D+PG (27 Degree BTDC)

Smoke
opacity, HSU

Fig.shows the effect of brake
80
Speed: 1500 RPM, Inj. Timing: 27 deg. bTDC,
power on smoke opacity. The
Pressure: 205 bar for diesel-PG and 230 bar for
smoke emission in dual fuel
60 Inj.
HB-PG, CR: 17.5 Biomass: Coconut shel,
operation with Honne biodiesel and
40
Producer gas is comparatively
higher as compared to diesel and
20
producer gas operation. In dual
fuel mode, increase in smoke
0
density was observed with the
increase in producer gas flow rate.
0
1
2 Brake 3power, kW
4
5
6
However, smoke emission reduced
with advanced injection timings. At full load, the smoke opacity is 75, 68 and 57 HSU for injection timings of 190, 230 and 270 BTDC.
CO% :
BP

D+PG (27 Degree BTDC)

HB+PG (19Degree BTDC)

HB+PG (27Degree BTDC)

HB+PG (23Degree BTDC)

0
1.04
2.08
3.12

0.3
0.15
0.1
0.16

0.48
0.4
0.37
0.41

0.65
0.55
0.55
0.56

0.73
0.65
0.62
0.66

4.16
5.2

0.31
0.35

0.55
0.62

0.71
0.83

0.8
0.91

D+PG (27 Degree BTDC)
Carbon monoxide, %

The exhaust emission of carbon monoxide
was lower for diesel-Producer Gas
operations compared to producer gas–Honge
dual fuel operation as shown in Fig.
Higher concentration of CO in the exhaust is a
clear indication of incomplete combustion of
the pre-mixed mixture. The CO levels
were
higher
due
to
combustion
inefficiencies. The mixture of producer

1.2
0.7
0.2
Speed: 1500 RPM, Inj. Timing: 27 deg. bTDC,
2 bar for diesel-PG and4 230 bar for HB-PG, CR:
6
Inj. Pressure: 205
Brake power, kW
17.5 Biomass: Coconut shel,

-0.3 0
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gas–air flow to the engine reduces the amount of oxygen required for complete combustion and this creates incomplete combustion
and increase in the CO emissions. At lower loads, the mixture being leaner results in greater extent of incomplete combustion and
hence higher CO concentration. This puts a lower load limit for the dual fuel operation. At full load, the CO is found to be 0.62%,
0.91% and 0.83% for 190, 230 and 270 BTDC respectively. Higher emission of CO in dual fuel mode could be due to lower heating
value of producer gas and Honne biodiesel, lower adiabatic flame temperature and lower mean effective pressures.

Nox%:
BP

D+PG
(27 Degree BTDC)

HB+PG
(19Degree BTDC)

HB+PG
(27Degree BTDC)

HB+PG
(23Degree BTDC)

0

40

29

30

22

1.04

45

32

28

24

2.08

56

36

32

28

3.12

71

42

38

30

4.16

102

67

60

42

5.2

121

81

72

53

D+PG (27 Degree BTDC)
HB+PG(27Degree BTDC)

140

HB+PG(19Degree BTDC)
HB+PG(23Degree BTDC)

Speed: 1500 RPM, Inj.Inj. Pressure: 205 bar for diesel-PG
and 230 bar for for HB-PG, CR: 17.5 Biomass: Coconut shel,

Nitric oxide, PPM

120
100
80
60
40
20
0
0

1

2

3
4
Brake power, kW

5

6

Fig shows the effect of brake power on nitrogen oxide emissions for both neat diesel-PG and producer gas–Honne
biodiesel dual fuel mode of operation. The nitrogen oxides emissions for dual fuel mode with producer gas–Honne
biodiesel were significantly lower. This may be due to the lower adiabatic flame temperature of producer gas and
absence of organic nitrogen in producer gas. It is observed that nitrogen oxides emissions increase with the increase in
injection timing advance. At full load, the NOx is found to be 81, 53 and 72 ppm for 190, 230 and 270 BTDC, respectively.
CONCLUSION:
Dual fuel mode of operation with the selected combina-tion of fuels resulted in lower brake thermal efficiency. However,
on advancing the injection timing to 27 BTDC brake thermal efficiency improved moderately. The lower calorific value,
higher viscosity of Honne Biodiesel and lower burning velocity of producer gas are responsible for lower brake thermal
efficiency. However, with HB– producer gas dual fuel operation better efficiency is obtained due to higher calorific value
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and comparable viscosity of Honne Biodiesel methyl ester. The brake thermal efficiency values of 24.25%, 22.25% and
23% were obtained with producer gas–diesel, producer gas–Honne Biodiesel and producer gas–Honne Biodiesel methyl
ester, respectively. With dual fuel operation, emissions such as smoke and NOx reduced considerably. However, CO and
HC emis-sions increased considerably.
On the whole it is seen that operation of the engine is smooth on Honne Biodiesel–producer gas, Honne Biodiesel
methyl ester–producer gas dual fuel operation. Honne Biodiesel–producer gas results in a slightly reduced thermal
efficiency and increased smoke, HC and CO levels.
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INTRODUCTION
Pongamia pinnata (also known as ‘Karanja’) is a perennial, fast growing, leguminous tree, widely distributed on
the Indian subcontinent, Asia, Australia, Philippine Islands and other parts of the world. Which is locally known as
Honge is a plant belonging to genus Pongamia and Fabaceae family. Pongamia pinnata trees are normally
planted along the highways, roads, canals, to stop the soil erosion because of its dense network of lateral roots.
These trees are regarded as a sustainable biofuel feedstock of the future because of its abundant production of
oilrich seeds, tolerance to abiotic stress, and ability to undergo biological nitrogen fixation. The seed has been
identified as a good source of biofuel since it contains 30-54% of oil, its root, bark, leaves, sap and flower have
good medicinal properties.
OBJECTIVES
 To characterize the different seed samples morphologically and physico-chemically available in
Bagalkot district.
 To study and document the genetic diversity among different seeds.
 To document the variation in seeds having high lipid (oil) content in order to select the plus tree.
MATERIALS AND METHODS
Survey and Collection of seeds: There are thousands of trees which exist along the road sides of Vidyagiri,
Navanagar and Bagalkot city. The survey has been carried out and ten most variant seed samples are collected
based on morphology.

Fig-1: Different seed samples collected for the present
study
Morphological studies: Morphological characteristics of
seed such as colour, shape, length, width, thickness and
weight were observed and recorded (S.S. Raut et al. 2011).
.
Physico-chemical studies : The physico-chemical
variations in all ten seed samples were determined quantitatively. The total carbohydrate & protein present in the
seed was determined by Anthrone method and Lowry’s method respectively. The total lipid is estimated by using
Soxhlet extractor (Sadasivam and Manickam, 1996). The chromatographic technique was also carried out to
identify the fatty acids composition through HPLC (Mahmud and Iqbal, 2009). The system used was equipped
with lab solution software (Shimaduz SPD-20), LC30AD isocratic pump auto sampler (SIL-30AS) model column
over (CT0-30A) and variable wavelength UV/VIS detector (SPD20A) Separation was carried out using C18
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column (25*4..6mm, 5ìm). Acetonitrile and water in the ratio of 1:1 as a mobile phase solvent with flow rate
1ml/min, 10ìl of sample injected and detected at 242nm wavelength. The samples were analyzed about 40min.
Triglyceride composition was also determined my TLC using the solvent system toluene:ethyl acetate in the ratio
70:30. Various properties like Kinematic viscosity, Saponification value, Iodine value, Density and specific gravity
of all oil samples were determined by using standard instruments (Bobade et al. 2012).
Genetic variations studies: The isolation of DNA from young leaf tissue was achieved by standard cTAB
method. Quantification of DNA was accurately measured by UV absorbance spectrophotometer at 260nm
wavelength. The purity analysis of isolated DNA samples was done by taking the ratio of absorbance at 260nm
to 280nm that must be in range of 1.8nm to 2.2nm which indicates that DNA sample is pure. After purification
and quantification, RAPD PCR amplification was performed to amplify randomly target sequence by using five
random primers. Polymerase chain reaction was carried out in a volume of 20ìl containing 2ìl buffer, 0.4ìl of
dNTPS, 1ìl primer, 1ìl of nuclease free water, 0.2ìl taq polymerase and 15.4ìl of template DNA. Amplification
was performed in a thermo gradient thermocycler with the following programs (Qunyi Jiang et al. 2012).

Table-1: Morphological observations of the seed samples
Parameters

S1

S2

S3

S4

S5

S6

S7

S8

S9

S10

Kinematic
Viscosity
(at 40C)
Density
gm/cc
Saponification
value
(mg KOH/g)
Iodine value

40.27

40.31

40.2

39.8

41.6

43.6

40.2

42.3

39.1

38.0

0.926

0.916

0.82

0.73

0.86

0.83

0.78

0.97

0.83

0.90

187

183

196

169

193

186

192

179

163

190

113.00

117.00

110.

89.2

96.3

100.

96.3

97.8

112

118

Sample

Seed Color

Seed Shape

Seed
Length(cm)

Seed
Width(cm)

Seed
Thickness(mm)

1

Circular

1.87

1.17

8.13

16.067

Broad elliptic
Broad kidney
Elliptic
Oval
Narrow ovate
Ovate

1.71
2.01
2.18
2.01
2.16
2.27

1.24
1.26
1.37
1.38
1.76
1.04

6.48
7.60
7.58
10.3
9.01
7.66

6.773
13.800
13.970
13.535
16.674
14.173

8

Cadmium
Orange
Sinnamon
Burnt Orange
Bronze
Tangerine
Brown
Carrot
Orange
Ochre

Narrow elliptic

2.32

1.31

11.03

20.700

9
10

Brown
Light brown

Linear oblong
Oblong

1.71
1.90

1.04
2.21

7.23
11.21

9.444
12.086

Avg. 10

2
3
4
5
6
7
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Sl.
No

Fatty
Acids

Retentio
n Time
(min)

Area % of fatty acids of oil samples (1 to 9)
1

2

3

4

5

6

7

8

9

51.72
4
8.457

52.237

-

55.513

-

-

10.912

55.88
4
9.890

6.668

12.638

-

-

6.393

-

4.143

2.120

-

9.221

-

10.874

-

3.027

-

13.927

41.16
1

-

9.35
6
2.26
3
0.69
3
39.3
96

2.68
0
6.78
5
2.55
4
-

1

Oleic acid

15

-

2

Linoleic
acid
Palmitic
acid
Linolenic
acid
Stearic
acid
Behenic
acid
Ecosonic
acid

12.5

4.22

51.60
4
12.58

3

-

9.694

21

7.505

8.668

13.50
2
7.556

7.5

-

2.918

3.673

4.335

16

-

5.649

3.689

-

10.47
3
15.94
9
5.796

7.5

33.627

-

-

-

-

3
4
5
6
7

49.5
3

Table-4: Fatty acid composition in oil samples
Sl. No.

Primer Name

Primer Sequence

1
2
3
4
5

RAPD 1
RAPD 2
RAPD 4
RAPD 5
RAPD 6

CCACACTACC
CGGCCACTGT
CGGCCCCGGC
CGGAGAGCGA
GACGGAGCAG

Annealing
Temperature
37
37
37
37
37

GC Content
60
80
90
90
90

Table-5: Properties of oil
Table-2: Moisture content in seeds

Sample
Moisture content(%)

1
3.2

2
4.1

3
3.2

4
3.4

5
3.6

6
3.8

7
4.0

8
3.4

9
2.5

10
4.2

Fig-2: PCR-RAPD Analysis
Table-3: Carbohydrate, Protein, Lipid content in seeds
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RESULTS
Among ten different samples 6, 9 and 10 are brown in color. Sample 1, 3and 7 are in the range of Orange colour.
Sample 8 is ochre colour. Whereas sample 2, 5 are differ in colours that can be observed in table 4.1. Various
shapes of seeds have been observed, many of them are ovate. And linear, elliptical, kidney, oval shapes are also
observed (Table-1). The seed length is varied from 1.71cm to 2.32cm, sample 8 is having maximum length
compared to other seeds and sample 2 & 9 are very short. Whereas seed lengths in north east regions of
Karnataka were recorded upto 2.2cm ranging from 1.9cm (Police patil et al.2011). The width of the seed is varied
from 1.04cm to 2.21cm, sample 7 and 9 are having less width and sample 10 is having more. Whereas the width of
the seeds observed in Maharashtra ranges from 1.6cm to 2.5cm which is quite higher than these seeds. And the
weight of the seeds varied from 6.733g to 20.700g, sample 8 is having more weight whereas sample 2 is having
less weight, comparatively.
Carbohydrate, protein and Lipid contents in each sample are determined. The highest percentage of oil is observed
in sample 8 and 5 i.e. 36% and 37% respectively. The amount of carbohydrate present in all the samples ranges
from 20 ìg/mg to 121 ìg/mg. highest concentration of protein is recorded in sample 8. Whereas the lipid obtained
in north east regions of karnataka is varied from 25% to 35%. Whereas the oil obtained in Rajasthan is varied from
35% to 50% (Rajashekhar et al. 2011).
Oil properties were studied in all ten samples. Sample 5 is having high kinematic viscosity, and almost same
densities are observed in sample 1, 2, 8 and 10. Saponification value varied from 163 to 196. Similarly iodine value
also varied among the selected seeds from 89.2 to 118.
Fatty acids composition of all 9 samples were studied by HPLC. Unsaturated fatty acids like oleic acid, linoleic acid,
linolenic acid, ecosonic acid were present while saturated fatty acids palmitic acid, stearic acid, bahenic acid were
found. Among these oleic acid was in maximum concentration in 5 samples. Some of the fatty acids are in trace
amounts.
CONCLISION
Based on the morphological evaluation of selected different 10 seeds variation is observed in almost all the
parameters studied. Physicochemical evaluation of Pongamia pinnata in different samples proved there is variation
in fatty acid composition through HPLC. Carbohydrate protein and oil contents are also found different even though
seeds collected from the same region, same climatic conditions and same period. An important observation
obtained through HPLC analysis is, fatty acid composition differs in the graph indicates fatty acids are not same in
all the samples. These observations may be useful for future utilization of Pongamia pinnata as a plus tree
alternative source for biodiesel production in Bagalkot district.
FUTURE SCOPE
Pongamia is an important species with lot of variability, which can exploited for its improvement farming systems in
different agro climatic requirements, evolving the superior seeds. For a successful promotion of large scale
plantations there is a need for carefully planned and well directed seed source research. Analysis of fatty acid
throughout the seed setting period may be studied.
*~*~*
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INTRODUCTION
The present scenario of world fuel consumption is massive and still increasing. The main source of fuel being fossil
fuel, with alarming levels of pollution and the fear of depletion of petroleum products it is become inevitable to
explore new possibilities in fuel production sector. Initiating from this point of view various sources were looked at
for production of alternative fuels.
In India we have a variety of tree born non-edible oil seeds species that are in long standing local production and
usage in associated supply chains of bio oils, especially used as domestic lighting from time immemorial. There is
also a history of bio oil used in engine largely in the rural or agriculture sector either because of scarcity of diesel or
due to in accessibility of getting it in remote areas.
In order to fulfil those fuel requirements alternately it is necessary to get good quality of non-edible seeds but the
seeds we are getting from the producers are not clean and meet the quality aspects. So it is necessary to clean
those seeds in order to get good quality of bio fuel.
We have bio plant in our college while going through the inspection of seeds that we are getting from the farmers
and through the market we came to know that the seeds are mixed with lots of impurities such as dust and sand,
dry sticks and leaves, stones etc. so before forwarding the seeds for crushing in order to extract the oil, it has
become a challenging task to separate those impurities from good seeds. We noticed that a lot of time was taken
for cleaning by manual method. So we came up with the idea of automated seed cleaning machine which saves lot
of time for cleaning and thus saves labour and other expenses.
OBJECTIVES
 To study the theory behind the seed cleaning processes and analyse the practical problems associated
with cleaning.
 To develop the concept design that can clean the seeds and separate the impurities from dry good quality
pongamia seeds in less cost.


To separate the spoiled and lighter seeds from clean dry seeds.



Iron parts and stones should be removed from seeds before passing it into oil expeller.

 Reliable extraction of dust particles, dry leaves, sticks, and other impurities from seeds.


To separate granular materials according to the specific weight into two fractions and in a dry material
condition.



Validate the generated concept of seed cleaning.



Automate the process by eliminating the human interference.
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METHODOLOGY
The machine has two different stages of cleaning the seeds. The stage1 cleaning consists of the high intensity fan,
as the air strikes on contrary the lighter impurities draws out of the mixture and gets separated. As a result of this
the dry sticks, leaves, dust and sand particles and other lighter impurities gets separated from the good healthy
seeds.
The seeds coming out from the stage1 cleaning passes onto the next stage of cleaning, on the way it falls down
and moves on the action of gravity guided by the passage, the primary step of the passage is incorporated with the
magnetic surface in order to remove the metallic impurities such as iron fillings etc,. Then seeds passes through
the secondary step of the passage which incorporates the meshed surface which again helps to separate the dust
and lighter particles if any small residues present in seeds.
Stage2 cleaning is incorporated on a Self-supporting steel section frame, carrying the variable frame with the ﬂywheel drive and the adjustment of inclination (6-15°) of the separator table. The vibrating movement of the table is
effected by an eccentric drive (through electric motor and belt drive). As a result of this the seeds starts to
reciprocate along with the deck and the dust particles gets eliminated through the meshed surface of the tray.
Stones and heavy impurities gets separated by passing the air from below the deck. Air volume and material input
are adjusted to each of the required operation conditions by means of adjustable ﬂaps.

RESULTS

TRAIL NUMBER

WEIGHT (kg)

EFFICIENCY

1

5

90%

2

8

85%

3

12

75%

The above results shows the efficiency of seed cleaning, it can be further enhanced in future work.
CONCLUSION
The conclusion is that the automated
seed cleaning machine consumes less
time than the manual cleaning method
employed in the college Bio-diesel plant.
This helps save time and labour cost.
Thus with the help of automated seed
cleaning machine, the excellence in the
field of cleaning different Bio-fuel seeds
can be obtained. Bio-fuels are replacing
our common fuels in automobiles and in
other industries. Automated seed
cleaning machine is a simple one and
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can be done by any person with minimum skills. Thus we are stepping ahead towards development with the help
these inventions and making lives of people better.
Automated seed cleaning machine consumes less time than that by manual hand pickling method. So it is possible
to conclude the automated cleaning technique is far more efficient than the manual method. Thus production time
is reduced as well as the labour cost, thereby increasing the automation.
Efficiency of cleaning can be further improved by slightly modifying the Duct part.
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Introduction
Renewable energy is now capturing a good share of the worldwide headlines because of concerns about declining
supplies of fossil fuels, escalating population and industrialization triggering ever-increasing demand of fuels. The
higher price of oil has attracted the greater attention to biofuels, especially bioethanol, biodiesel, biohydrogen, to list
a few. Biofuels may be classified under the categories of first or second generation biofuels (Naiket al., 2010).The
Arecanut contains water 30%, protein 5%, fat 3%, carbohydrates 47%, total alkaloids (arecoline) 0.2-0.7
percent.The processing involves husking fruits, removing embryos, and drying nuts in the sun or with artificial heat
or sometimes smoking. Nuts were first boiled to reduce tannin content and then dried. However, the boiled water
are discarded during the process. The processed water many contain substrate for bio ethanol
production.Bioethanol production requires three major processes for the conversion of polysaccharides into ethanol
through pretreatment, saccharification and fermentation.
Objectives
1) Pretreatment of Areca nutprocessed waterfor ethanol fermentation
2) To compare the efficiency of polysaccharides conversion into ethanol by the separate hydrolysis and
fermentation (SHF) and simultaneous saccharification and fermentation (SSF) processes
3) Determination of ethanol concentration.
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Materials and methods
Collection of raw material
Areca nut was collected from the local farmer in Banglore rural district, Karnataka, India. Stored in a laboratory
condition. Later husking fruits were carried to remove embryos. Embryos were cut into four parts and boiled in
water for 10-20 min. The processed water was filtered, autoclaved and stored in refrigerator for further use
Selection of fungal and yeast cultures
The fungal culture used for microbiological pretreatment was Aspergillusniger and Saccharomycescerevisia used
for the fermentation process.
Qualitative analysis of substrates was carried out for the presences of saccharides by biochemical tests.
Enzyme extraction
Autoclaved substrate was utilized for enzyme production using A. niger. Spore number of 1 x 108 was used for
inoculation. The composition of media was (g/L): 5ml of areca water; KCl 2; KH2PO4, 1.0; MgSO47H2O, 0.05;
FeSO47H2O, 0.02; D.H2O 1lt. Flasks were inoculated at 30 0 C for 7 days on rotary shaker at 120 rpm. Crude
enzymes were extracted from the flasks after centrifugation at 10,000 rpm for 15 min. The supernatant obtained
was analyzed for enzyme activities cellulase and amylase. Enzymes obtained are used for carrying out
saccharification and saccharifiedhydrolysate utilized for ethanol production (Bhagyammaet al., 2011).
Measurement of Amylase activity and Cellulase activity:
The activity of enzyme were carried out by DNS method using glucose as standard.
Bioethanol production from saccharification and fermentation:
Bioethanol production involves two steps, firstly substrate hydrolysis in an aerobic condition and fermentation by
yeast in an anaerobic condition. Substrate hydrolysis can be achieved by acid hydrolysis or enzymatic hydrolysis.
Pretreatment of Substrate and Hydrolsis of pretreated sample
Substrate was subjected to acid pretreatment using 2 % of H2SO4 for 5 h at room temperature later adjust to pH 6
using NaOH. To sample commercial enzymes were added, amylase and cellulase purchased from Sigma Aldrich
and crude enzyme extracted from Aspergillusniger respectively in ratio of 1:10. The reaction mixture was incubated
on a rotary shaker at room temperature at120 rpm for 5 hours. Reducing sugar contents were determined by the 3,
5-dinitrosalicyclic acid (DNS) method.
Separate hydrolysis and fermentation (SHF)
The pretreated media with acid and enzymatic hydrolysis was supplemented with 0.5 g/L (NH4)2HPO4, 0.025 g/L
MgSO4•7H2O and 1.0 g/L yeast extract. Fermentation was carried out by the inoculation of yeast suspension.
Bioethanol formed was estimated after 5 days hours of fermentation (YuKyeong Cho et al., 2013).
Simultaneous saccharification and fermentation (SSF)
SSF was carried out in 250 ml flask with working volume 100 ml of pretreated slurry. Nutrients were added to the
medium. Fermentation was started by the addition of enzymes mixture and yeast, S. cerevisiae suspension. The
flasks were then incubated at 32⁰c under static anaerobic conditions(YuKyeong Cho et al., 2013).
Distillation of Bioethanol
After 5 days, the sample was filtered using Whatman Filter Paper to separate the ethanol from the residue using
batch distillation at 800C to get the bioethanol
Bioethanol Assay
Qualitative confirmation of bioethanol was carried out by specific gravity, Potassium Dichromate Method and gas
chromatography
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Result
1. Qualitative estimation of substrates for presence of carbohydrates showed the positive results for Molisch
,Fehlings, Seliwanoffs, Barfords and Cellulose test .
2. Measurement of Enzyme activity Amylase and Cellulase activity of purified and crude enzyme was
measured by DNS method which showed the 0.033 IU and 0.032 IU activity for pure and crude amylase
enzyme and for cellulase 0.036 IU and 0.033 IU respectively.
3. Effect of pretreatment condition with sulphuric acid and Enzymatic hydrolysis The results of reducing
sugar yield (g/L) by 2 % H2So4 concentrations at room temperature for 5 hrs was tabulated. 3.9 mg/ml were
observed in acid treatment sample compared to control without acid treatment is 3.3 mg/ml.
4.
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Fig. 1. Reducing sugar production by Acid pretreatment and Enzyme treatment (mg/ml)
SSF and SHF
Fermentation was carried out using SHF and SSF methods. In order to compare SHF and SSF, fermentation yields
were calculated by assuming that all monosaccharides in the slurry are available for the fermentation by bioethanol
assay.
In the SHF, reducing sugar was rapidly decreased after fermentation which was estimated by DNS method. During
the same period, a rapid increase of ethanol concentration was observed. However, of reducing sugar was still
remained at the end of the SHF process. This indicates that non-fermentable sugar monomers in were not utilized
by S. cerevisiae during fermentation since the glucose was consumed as a carbon source by the yeast. Similar
pattern of reducing sugar consumption and ethanol production was also observed in case of SHF. In the SSF, the
extent of carbohydrate conversion into reducing sugar was lower than that obtained in the SHF process. This might
be the difference in process temperatures of fermentation and enzymatic hydrolysis of treatment .
Bioethanol Assay
Distillation of Bioethanol
After 5 days, the sample was filtered using Whatman Filter Paper to separate the ethanol from the residue using
batch distillation at 800C to get the bioethanol.
Qualitative confirmation of bioethanol: The alcohol was separated from the water by distillation. The specific
gravity of the distilled alcohol is then determined with a Specific gravity bottle method.
Table : Specific gravity method for ethanol
Sl No
1.

Gravity bottle type
Weight of empty specific gravity bottle

Weight in grams
10.705

2.

Bottle + Distilled water

20.526

3.

Bottle + Sample (SSF- Pure enzyme)

18.211

4

Bottle + Sample (SSF- Crude enzyme)

18.345
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5

Bottle + Sample (SHF- prue enzyme)

18.593

6

Bottle + Sample (SHF- Crude enzyme)

18.541

7

Bottle + Pure Ethanol

18.437

8

Weight of Pure Ethanol

9

Weight of the sample (SSF- Pure enzyme)

0.7591
0.7726

10

Weight of the sample (SSF- Crude enzyme)

11

Weight of the sample (SHF- Pure enzyme)

0.7977
0.7925
12

Weight of the sample (SHF- Crude enzyme)
0.7819

Potassium Dichromate Method
In this study calibration cure was drawn to determine ethanol concentration in water from Areca water samples. A
linear graph of standardization of ethanol was drawn using 95% ethanol as a standard. Alcohol standard was
prepared by dissolving absolute ethanol in water to get 10mg/ml concentration. Most of the chemical oxidation
methods are based on the complete oxidation of ethanol by dichromate in the presence of sulfuric acid with the
formation of acetic acid. The concentration of ethanol from the sample is shown below.
Ethanol concentration

Concentration of ethanol (mg/ml)

10
8
6
4
2
0
SSF (Pure
Enzyme)

SHF(Pure
Enzyme)

SSF(Crude
Enzyme)

SHF(Crude
Enzyme)

Sam ples

Fig : Concentration of ethanol in sample by Potassium dichromate method
Purity of ethanol produced was analyzed by gas chromatography
To authenticate the qualitative and quantitative properties of Bioethanol, Gas Chromatography (GC) was performed
and results were shown in below.
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Fig : GC analysis sample
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Introduction:
Increasing concerns of climate change, depletion of petroleum-based fuels, and related environmental problems
have maximized the demand for renewable, eco-friendly sources of fuels. Biofuels are thus considered to be one of
the most promising solutions for the present day fuel crisis. Extensive research is currently being carried out in the
field of biofuels, of which bio-diesel production is of main focus. Bio-diesel is produced by the trans-esterification of
plant oils such as that from Jatropha and Pongamia seeds. However, plant derived lipids can hardly meet the future
energy demands. Apart from various oil seed bearing plants and microalgae, microbial lipids offer some potential
advantages due to their short generation time; limited space requirement; generation of uniform lipid fractions, etc.
Microbial oils are attracting increasing interest, as they offer a renewable and cheap feedstock for the production of
bioplastics, biodiesel and other products. They can be obtained from oleaginous microorganisms that are able to
produce more than 20 % of their biomass as triglycerides. Among the oleaginous microorganisms, yeasts are
considered for their very simple cultural requirements, as they grow under aerobic conditions, only needing a higher
C/N ratio (>30) to enable the triglyceride accumulation within their cells. In this context, the intra-cellular bio-oil
produced by oleaginous microorganism Rhodotorula glutinis (also known as red yeasts) from the pongamia oilseed cake, a byproduct of biodiesel production, has been identified and investigated. In the project work, the
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synthetic media has been replaced with the Pongamia seed cake generated as a byproduct during biodiesel
production.
Objectives:
In our effort, the by-product produced during biodiesel production, pongamia oil cake, was utilized as a substrate
for the cultivation of oleaginous yeast. It was intended to use both the de-oiled filtrate and alkali hydrolysate of deoiled cake for the growth of Rhodotorula glutinis that was exploited for the intracellular bio oil production. The main
objectives of the project work were as follows:



Determining the efficiency of utilizing de-oiled seed cake and de-oiled filtrate as substrates for the growth
of Rhodotorula glutinis.
Optimizing parameters for maximum production of bio-oil.

Methodology:









The Pongamia seed cake, a byproduct formed during biodiesel production, was collected from the
Biodiesel Centre of the college; ground; pre-cooked at a concentration of 5% (w/v); allowed to settle
overnight and supernatant was decanted.
Thus obtained supernatant was subjected for oil-liquid separation; the de-oiled filtrate obtained was used
as one source of media for Rhodotorula glutinis culture.
On the other hand, settled seed cake was allowed to dry. Following drying, the cake was subjected to
alkali hydrolysis using 2N NaOH. Alkali hydrolysate thus obtained was used as the second source of
media.
The initial nutrient content (total sugar, reducing sugars, proteins, lipids) in both de-oiled filtrate and the
alkali hydrolysate was estimated.
Culture conditions for maximum bio-oil production in terms of inoculum concentration and feed
concentration was optimized.
In addition, in-silico approach to identify yeast metabolism pathway and exploit it for maximum bio-oil
production was done using COPASI software tool.

Results and Conclusion





From optimization studies, it was clear that 1% inoculum concentration showed better growth with both deoiled filtrate and alkali hydrolysate
On optimization of substrate concentration, it was observed that 80% and 100% of the supernatant
resulted in better biomass growth compared to other concentrations. On the other hand, hydrolysate
yielded good growth up to 10%.
Bio-oil productivity was also found to be higher in smaller percentages of the hydrolysate when compared
to the higher percentages whereas the supernatant (de-oiled filtrate) gave the better yield towards the
higher concentration end.
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Fig: Bio-oil production profiles for hydrolysate and supernatant



In-silico approach for maximum bio-oil production using COPASI revealed that on inhibition of the yeast
using NADH, there takes place reduction in the activity of citrate synthase towards acetyl CoA synthesis,
which could in turn be exploited as a mechanism to enhance citrate synthase activity towards lipid
accumulation.
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Future Scope



As an extension of the project, oil produced from the oliagenous yeast could be esterified and the
biodiesel properties could be estimated.
Analysis for the presence of omega-3-fatty acids could be carried out, if present, it will be one more value
addition to the byproduct.
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Introduction
Microalgae exhibit versatile growing conditions established over billions of years as one of the more primitive and
well-established eukaryotic organisms on earth. With the power of both mitochondria and chloroplasts, algae are
able to inhabit many environments as long as water and micronutrients are present. Their versatility can serve
many advantages with overproduction of oils for potential use in foods and biofuels. Algae have been shown to
accumulate an impressive amount of lipids of over 80 percent of their dry weight and commonly produce levels of
20 to 50 percent.
Objective
The objective of this project is to use kitchen waste for mixotrophic cultivation of microalgae for production of
2+ 2+
biodiesel and to study the effects of various metals (Fe ,Mg ,etc.) on the productivity of biodiesel.
The specific objectives of the study are:
 To optimize medium suitable medium for microalgae.
 To study the effect of metals for growth and lipid accumulation.
 To study the extraction process using microalgae.
 To estimate the lipid content by fluorescent microscopy using nile red.

Methodology
Sample collection
Scendesmus abundans NCIM 2897 was procured fromNational Collection of Industrial Microorganisms (NCIM),
National Chemical Laboratory (Pune, India).
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Medium preparation
At the initial stage, the microalgae was grown in BG11 medium. BG11 medium was used as the standard. The
artificial kitchen waste was synthesized from potato (250g), toor dal (100g),beans (250g) and tomato (250g). The
kitchen waste was dried completely in hot air oven at 700C and converted to fine powder using mixer grinder. To
determine the dissolution of the fine powder in distilled water, initially 0.5g of powder was dissolved and remaining
medium was filtered. The remaining amount of undissolved of biomass was determined by difference in the weight
of the filter paper before and after filtration. About 0.26 grams of kitchen waste was added in 1L distilled water to
obtain the growth medium.
Addition of Calcium sulphate (CaSO4) and Iron sulphate (FeSO4) in varying concentration to enhance growth
10 ml of inoculum was added to six bottles containing 1 litre of medium. Varying amounts of CaSO4 was added to
these bottles respectively. The bottles contained 0.25, 0.5, 0.9 g/L of CaSO4 respectively. Inoculum was also
added to a bottle containing 0.05 g/L FeSO4. Aeration with an aerator of capacity 3.5L/min was used for aeration of
these bottles. Growth was of the setup was monitored using spectrophotometry @ 680 nm.
Addition of metals to induce shock
10 ml of inoculum was added to bottles containing 1 litre of medium. While subjecting to shock, only 3g of MgSO4
was added to one bottle and 0.1 g of FeSO4 , 3g of MgSO4was added to remaining two bottles along with 2g/L of
starch solution.
Ultrasonication assisted Nile red
Microalgal cells were grown until early stationary phase for accumulating neutral lipids. Harvested and centrifuged
the cells at 10,000rpm for 10min. Washed algal samples thrice with distilled water. Subjected the algal cells to
ultrasonication at power output of 50 W for 15mins. 20ìL of Nile red solution (200ìg/mL in acetone) was added
post the ultrasonication process. It was subjected to dark staining for 10min.Viewed under a fluorescent
microscope with 40× objective lens to visualize the fluorescent yellow-gold lipid in microalgal cells. The excitation
and emission wavelengths used in this experiment were 530 and 568 nm, respectively.
Lipid extraction
The lipid extraction was done by Bligh-Dyer Method for kitchen waste alone and batch containing CaSO4 and
FeSO4.The co-solvents were added in the ratios of 1.0, 2.0 and 0.8 (v/v) chloroform, methanol and distilled water,
respectively. After vigorous mixing second extraction step was then performed by adding the co- solvents at ratios
of 2.0, 2.0 and 1.8 (v/v) for chloroform, methanol and distilled water, respectively. After centrifugation upper layer
rich in water and methanol was discarded and the lower layer rich in lipids and chloroform.
RESULTS AND DISCUSSION
There was considerable growth seen in medium prepared using kitchen waste. The OD values were much higher
values compared to BG11.
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The graph above shows the growth of Scenedesmus abundans over a period of 3 weeks. The growth is very
steady for much of the time period.
Kitchen waste in presence of MgSO4
MgSO4 gave a considerable boost to the production of biomass.

OD@680nm with varying concentration of MgSO4
Maximum biomass yield was gained from the bottle containing 2.5g/L concentration of MgSO4.The minimum growth
was seen in the bottles with 1g/L concentration of MgSO4.
Kitchen waste in presence of Calcium sulphate (CaSO4) and Iron sulphate (FeSO4)
CaSO4 supported the production of biomass. The bottle with concentration of 0.25g/L CaSO4 gave the best growth
results

KSCST : SPP – 38th Series : Biofuel Projects Compendium : 2014-15
2014

36

OD@680nm with varying concentration
conce
of CaSO4

OD@680 with 0.05g FeSO4
As shown in the graph, maximum biomass yield was gained from the bottle containing 0.25g/L concentration of
CaSO4. The minimum growth was seen in the bottles with 0.9g/L concentration of CaSO4.
Use of carbon dioxide
Following values were obtained on monitoring growth of microalgae in absence and presence of CO2
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OD@680nm
Growth curve for medium with and without CO2 The growth in the control appears to be higher. The bubbling of
CO2 at higher pressure in the sample might have inhibited the growth.
Ultrasonication assisted Nile red

Microalgal cells were stained with nile red to assure the presence of lipid. This was done in each stage to confirm
the ability of organism to produce lipids.
Conclusions
2+
Mg

is crucial for photosynthesis as it is the central atom of chlorophyll and its level in chloroplast can influence
2+
the activity of some enzymes involved in the phenomenon. Apart from its role in photosynthesis, Mg is essential
for the aggregation of ribosomes and it is also required for proper functioning of certain enzymes responsible for
different cellular activities. Thus, addition of MgSO4 to kitchen waste based medium had beneficial effect on growth
2+
.[16]
and lipid production by the algae.
. Addition of Mg while giving giving shock helped increased the yield.
2+
2+
Reduced concentration of Ca and Fe also gave yield upto 15%.
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Introduction:
Production of biofuel has seen an enormous amount of upfront along with the discovery of new raw materials.
Along with production of biodiesel, by product, glycerol is also produced. This glycerol can be converted to another
fuel bioethanol using minimal energy
nergy consumption. Fermentation of glycerol can be achieved using suitable
microbe that can assimilate the raw material and can sustain high ethanol concentration. Due to the enormous cost
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involved in purification, use of this raw glycerol is limited to only
only a few applications. Besides, this raw glycerol can
also be used for bioethanol production with minimal purification steps. In this direction glycerol, can also be
considered as a potential carbon source for bioethanol production. Since glycerol is not a preferential substrate for
many microbes, their metabolic pathway needs to be activated by use of suitable stress factor.
Objectives:
The main goal of this work is to produce ethanol from glycerol feedstock using bacterium Bacillus cereus isolated
from honey. The objectives set to achieve this goal are as follows.
 To develop and standardize simple procedures for analysis of ethanol and glycerol present in the fermentation
sample using single analytical procedure.
 To standardize a protocoll for the production of ethanol from glycerol (pure) feedstock using bacterium Bacillus
cereus isolated from honey.
 To study the effect of parameters like time, oxygen requirement (oxygenic and anoxic), glycerol concentration,
temperature on the productionn of ethanol.
 To use purified glycerol from biodiesel byproduct stream for ethanol production and optimize the process.

Methodology:
Bacillus cereus (Eq. ATCC 14579T, facultative aerobic bacterium) isolated in the lab from honey was used as
microbial source for fermentation.
Shake Flask studies:: Pure glycerol medium was prepared using commercial glycerol and made to required
concentration by diluting with water. Medium pH was adjusted using phosphoric acid and sodium carbonate. The
fermentation samples, after sterilization and inoculation, were agitated at 100 rpm in shake flasks at room
temperature. The glycerol and ethanol concentration were analyzed using sodium periodate method and potassium
dichromate method respectively. Anaerobic condition was provided
prov
by purging CO2 gas before fermentation.
Fermentation in Small scale Bioreactor:
Bioreactor: A small scale bioreactor (40ml working volume) was constructed as
shown in Fig.1. Aeration and agitation conditions were provided with air pump connected to 40micron membrane
filter and stirrer connected to external motor respectively. Pure glycerol medium as in shake flask studies were
used to evaluate performance of this reactor. Stirrer speed was fixed to 150 rpm.
Use of Raw glycerol & Process Optimization:
Optimization Raw glycerol of Pongamia was obtained from Udupi district Biofuel
information and demonstration centre, and purified using acid treatment followed by extraction with isopropanol and
charcoal adsorption as per literature reported method. This glycerol was diluted as
as per requirement and
fermentation was carried out in mini bioreactor. The process was optimized using response surface methodology.
The ethanol is reported in terms of g/l in fermentation broth, yield is reported as gram ethanol produced per gram
glycerol fed. Ethanol production efficiency is reported as actual ethanol yield to theoretical maximum yield (0.5 g
ethanol/g glycerol).
1: Air pump,
3: Micro filter
5: Agitator
7: Motor

2: Air flow controller
4: Needle Sparger
6: Lid / cap
8 Air vent
8:

Fig. 1. Small scale bioreactor
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Results & Discussion:
Shake flask studies with pure glycerol was performed with varying concentration of glycerol (0.1 to 1M), pH (5, 6, 7
& 8), Aerobic and anaerobic condition for 24 and 48 hours with one variable approach. It is observed that (Fig.2.)
as glycerol concentration increases beyond 0.8M, ethanol production drops. Medium pH of 5 to 6 is best for ethanol
production. Literature reports that in microbial fermentation, at basic pH formate ions are accumulated which in turn
inhibit the enzyme that produces ethanol. Oxygenic stress is essential for ethanol production by B. cereus as
evident from Fig. 3. Since oxygenic stress plays a vital role, a small reactor was designed to supply controlled air. It
was noted that anaerobic condition favors biomass production and aerobic condition favors ethanol production
(Fig. 4).
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The new bioreactor designed was tested for its performance with aeration condition of 80ml/min (2VVM) and 0.5 &
0.8M pure glycerol. Yield of ethanol was increased by 4-5 times in comparison with shake flask experiments. The
raw glycerol obtained from biodiesel unit was purified and diluted for optimization experiments using this bioreactor.

Code
A
B
C

Variables
Time
Aeration
Glycerol
pH
Agitation

Table 1. Variables and constants used for optimization experiment
Unit
Coded Levels
Optimal
Value
-1.6818
-1
0
+1
+1.6818
hr
15
22.50 33.5 44.50
52
35.9
ml/min
4
35.62 82.0 128.38
160
95.4
g/L
8
25.03 50.0 74.97
92
68.2
Constant = 5.0
5.0
Constant = 150 rpm
150

Yield of
ethanol
Predicted:
0.4900
Experimental:
0.4789
gE/gG

Response surface methodology with 3 factor – 5 level was used and Minitab v14 was used for analysis. The
parameters varied and optimal conditions obtained experimentally are given in Table 1. The experiments (15) were
conducted with one centre point and the yield of ethanol was fitted to the reduced quadratic model (Eq.1) using the
software. Experiments were conducted at the estimated optimal conditions (Table 1) to validate the result.
Yield (gE/gG) = -0.764732 + 0.018122*A + 0.007244*B + 0.017118*C -0.000218*A*A -0.000016*B*B
-0.000098*C*C -0.000034*A*B + 0.000012*A*C -0.000043*B*C
(R2= 0.9349)
(Eq. 1)
Conclusion:
Glycerol, pure as well as raw (purified from biodiesel stream), is a good carbon source for production of ethanol
using a facultative aerobic bacterium Bacillus cereus under aerobic condition. Further, a small scale bioreactor
designed for aerobic fermentation was designed to provide proper aeration and agitation conditions. The process
was optimized (RSM) to produce 33.5 g/L of ethanol under fermentation condition of 68.2 g/L raw glycerol at a pH
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of 5.0 with aeration rate of 95.4 ml/min (2.4 VVM) and 35.9 hours of incubation. The Yield and efficiency of ethanol
production was measured to be 0.4789 g ethanol/g glycerol and 95.8% respectively.
Scope for future work:
This work has shown that ethanol can be produced from raw glycerol in a small scale reactor set up under aerobic
condition. The process can be easily scaled up based on these results. It is recommended to maintain/control pH
between 5 and 6 during fermentation. Mild agitation condition is sufficient since aeration condition provides good
mixing. Effect of other nutrients along with raw glycerol can be tested for enhancement of ethanol production.
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INTRODUCTION
Industrial sector dependence on fossil energy/petroleum, and petroleum energy price fluctuations become an
obstacle for the development of the industry. This necessitates for alternative sources of energy which are
renewable, safe and non-polluting. Biomass energy can be considered as one such alternative, which is a great
potential renewable energy sources and is the third largest primary energy resource in the world, after coal and oil.
Biomass pellets are eco-friendly renewable energy and can be produced in bulk quantity to fulfil the alternative
source of fuel. The pellets are usually produced from extrusion process. Biomass densification helps in converting
low bulk density, high moisture content biomass into high energy density, low moisture content fuel pellets.
Biomass pellets are easy to transport and store, and are relatively cleaner and safer to use compared to coal.
OBJECTIVES
Our objective is to utilize the Pongamia pod shell, which is an agro-waste to produce the fuel pellets, since its pod
shells possess good burning characteristics. Pongamia pod shell is blended with the crude glycerol which is a byproduct obtained during biodiesel production, in order to improve the quality of the fuel pellets. Another agro-waste
Tamarind shell and distillery yeast sludge are also used as additives for better results. Blending these raw materials
in different proportions to obtain better quality pellets.
METHODOLOGY
The steps we have followed to produce the fuel pellets are as shown in the block diagram,
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The Pongamia pod shell and Tamarind shell are first ground to minute particles in the Pulveriser /Hammer mill.
Generally, pelletizing requires the particle size of ground raw material to be less than 3mm. Hence, the ground raw
material obtained from hammer mill is sieved out to collect the particles less than 3mm. Maintaining appropriate
moisture level (about 10%) in the feedstock is necessary to ensure high pellet quality, sufficient durability and to
avoid biodegradation.
The ground feedstock (Biomass) and additives are mixed manually in the required proportion and filled in a hollow
cylinder of inner diameter 12 millimetres. The filled cylinder is then fixed in the headstock of the lathe. The biomass
is compressed by a cylindrical rod, which is fixed in the tailstock of the lathe. Under the high pressure and
temperature, the biomass particles will fuse into a solid mass, thus turning into a pellet.
RESULTS
According to pellet standards, moisture content should be < 10%, ash content should be < 1 % and calorific value
should be > 17 MJ/Kg. Proximate analysis and heating value of the produced pellet samples are determined
according to the Indian Standard Methods- IS: 1350 (Part I)-1984 (Reaffirmed 2002) and IS: 1350 (Part II) - 1970
(Reaffirmed 2000). Proximate analysis includes moisture content, ash content, volatile matter and fixed carbon. 6
samples of different compositions are produced. Their compositions are tabulated below. The characteristics of
different samples produced are as shown in table-04.
Table-03: Samples of different compositions

Samples

Composition

Sample-1
Sample-2

Pongamia-100%
Pongamia-50%, Sludge-40%, Crude glycerine-10%

Sample-3
Sample-4

Pongamia-50%, Sludge-25%, Crude glycerine-25%
Pongamia-60%, Sludge-30%, Crude glycerine-10%

Sample-5

Pongamia-50%, Tamarind-10%, Sludge-30%,
Crude glycerine-10%
Pongamia-50%, Tamarind-20%, Sludge-20%,
Crude glycerine-10%

Sample-6

Table-04: Characteristics of different samples of biomass fuel pellets
Parameters Moisture content Volatile matter Ash content Fixed carbon Gross calorific value
(%)
(%)
(%)
(%)
(KJ/kg)
Sample-1

7.96

81.50

4.58

13.92

17521.76

Sample-2

20.83

80.42

14.84

4.74

16902.26

Sample-3

18.16

86.76

8.74

4.50

17848.25

Sample-4

16.52

80.86

9.88

9.26

17145.04

Sample-5

18.60

82.06

9.98

7.96

17404.56

Sample-6

15.52

83.42

7.20

9.38

17680.81
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CONCLUSION
The results from standard method analysis indicated that the use of Pongamia pod shell and crude glycerine in
pelletizing process is suitable for combustion as an energy source. Crude glycerine affected on the heating value of
the pellets ranging from 17521.76 KJ/Kg to 17848.25 KJ/Kg which met pellet standard. As the amount of glycerine
increased, the heating value of the pellets increased as well. It is also noticed that the increase in distillery sludge
increased the pellet strength but it decreased the calorific value and volatile matter, increased the fixed carbon and
ash content. Similarly addition of tamarind upto 20% increased the calorific value. All parameters of all samples met
pellet standard except ash content (4.58 to 14.84%) which was over pellet standard (<1%). The best pellet is
produced from 50% Pongamia, 25% sludge and 25% crude glycerine, followed by 50% Pongamia, 20% tamarind,
20% sludge and 10% crude glycerine. Thus, biomass from agricultural wastes, crude glycerol – a biodiesel byproduct and distillery sludge can be used to produce biomass fuel pellets which are compact, energy dense and
simple to use.
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Introduction:
Biodiesel, a diesel fuel substitute that can be made from a variety of oils, fats, and greases, is of interest to farmers
for a number of reasons: It can provide an additional market for vegetable oils and animal fats; it can allow farmers
to grow the fuel they need for farm machinery; and it can decrease U.S. dependence on imported oil since fuel
feedstock can be grown domestically.
Biodiesel is a renewable source of energy that can help reduce greenhouse gas emissions and minimize the
“carbon footprint” of agriculture. It contributes less to global warming because the carbon in the fuel was removed
from the air by the plant feedstock.Two chemists, E. Duffy and J. Patrick, are credited with first experimenting with
trans- esterification using vegetable oils to make soap in 1853.The resultant biofuel by-product was later named
biodiesel after a motor engine inventor. In 1983 in Austria, Dr. Mittelbach developed a commercial process to turn
old cooking oil into biodiesel. Dr. Thomas Reed is credited as being the first person in the US to turn old cooking oil
into biodiesel on a small scale in 1989. Rudolph Diesel, on August 10, 1893, first demonstrated the use of peanut
oil to run his compression ignition engine. 1900 Diesel engine demonstrated on peanut oil at the Paris Exhibition.
This date has since come to be known as International Biodiesel Day.
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Gas chromatography was used to determine the fatty acid composition of Dairy Waste Scum Oil. Results revealed
that the low free fatty acid content was a notorious parameter to determine the viability of alkaline
Transesterification.
The yield of bio-diesel reached 96.7% when 1.2 wt.% of Potassium Hydroxide, reaction temperature of 75C, 30 min
of time and 6:1 Methanol oil ratio at 350 rpm. Thermo gravimetric analysis followed the evaluation of
Transesterification process.
Objectives
 To successfully produce neat biodiesel from milk scum.
 To blend the neat bio diesel with regular diesel and obtain the blended fuel samples.
 To study the properties such as calorific value, viscosity, etc. of the blended fuel samples.
 To successfully run performance tests and emission tests on compression ignition engine for different
blend samples.
 To compare the performance of blended fuel with that of diesel in order to distinguish effect of different
blends on performance.
 To generate cost analysis of the entire process in order to know the economic feasibility of the concept in
reality.
 To successfully arrive at a conclusion and put light on future possibilities and scope in this particular
sector.
Methodology
Stage 1: Extraction of scum oil





The scum collected was first purified by hand picking of coarse and floating impurities.
It was later heated till it reaches 100 degree centigrade to lose all it moisture contents and was strained
which in turn filtered it.
After the filtration process purified scum/clarified butter was obtained.
Purified scum was used for experimentation.

Free fatty acid test
 10ml of is propanol is taken in a flask.
 3-4 drops of phenolphthalein indicator is added to propanol.
 1 gram of scum oil is then added to propanol and phenolphthalein indicator mixture.
 KOH (0.01) solution is allowed drop by drop to the scum oil solution till the solution become pink for 510sec and then disappear.
 KOH (0.01) solution consumed to get pink color is noted down. Depending on the amount of KOH (0.01)
consumed fatty acid present in the oil is decided.
Stage 2: Trans-esterification Process
Trans-esterification process was carried out for the purified scum by a 2 stage process depending upon the FFA
Test results which involves



Acid catalyzed esterification
Base catalyzed esterification

Acid Catalyzed Esterification





Scum is heated to 70 degree centigrade.
Add 300ml methanol and sulphuric acid into a beaker.
Transfer the heated scum to the round bottom flask of the esterification set up.
Pour the methanol and acid mixture to the other beaker in the set up.
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 Slowly allow the methanol acid mixture by opening the valve into the flask containing scum.
 The magnetic stirrer stirs the mixture of scum, methanol and acid, there by does not allow the mixture to
solidify.
 The stirring is carried on for 90 minutes.
 In a test tube a sample of mixture is taken and kept aside for few minutes to check if the FFA is are
forming a separate layer on top.
 If the FFA is form a separate layer the process is complete.
 Pour the mixture in the flask to the settling flask and allow settling for 60 minutes for the FFA is to form a
separate layer.
 Separate the FFA is layer from the remaining.
Base Catalyzed Esterification







The product of acid catalyzed esterification obtained from is heated for 70 degree centigrade.
In a beaker add 166.6ml of methanol and 12 grams of NaOH pellets and allow it to dissolve.
Transfer the heated scum to the round bottom flask of the esterification set up.
Pour the methanol and NaOH mixture to the other beaker in the set up.
Slowly allow the methanol NaOH mixture by opening the valve into the flask containing scum.
The remaining procedure follows similar to acid transesterification as mentioned above.

8) Results and Conclusions
The overall studies based on the production, fuel characterization, engine performance and exhaust emission
of milk scum biodiesel and its blends B20, B40, B60, B80, and B100 were successfully carried out. The following
conclusions can be drawn:














The production of Milk scum biodiesel is a two stage transesterification process.
Cost of one litre milk scum biodiesel = 41.00 rupees.
The density of biodiesel is 855kg/m3 and it is more than fossil diesel (0.815kg/m3).
The CV of B100was found to be 36580 KJ/Kg and the CV of different blends were also determined
according to ASTM standards. The CV of blends was found to be less than the fossil diesel (44515.6
KJ/KG).
The specific gravity of biodiesel B100 is 0.855 and it is more than fossil diesel (0.815).
The minimum BSFC was found in B20. BSFC is decreases with increase of diesel content blends
The maximum thermal efficiency is for B20 and it was slightly lesser than that of diesel. The brake
thermal efficiency obtained for B40, B60, B80 & B100 were less than that of diesel.
The minimum CO emission produced was found in B100 and it was observed that a reduction of 41.5%,
as compared to diesel.
The HC emission shows a reduction from 70 ppm to 45 ppm was obtained resulting in B100and it
is 70.2%, as compared to diesel at the maximum load.
CO2 emission increases linearly as the load increases, the maximum CO2 emission was found in
B100 because of complete combustion of fuel as compared to fossil diesel
The amount of NOx produced for B100 was found to be 1250ppm and it little higher when
compared to diesel 1185 ppm.
The blend of 20% also gave minimum brake specific energy consumption. Hence, this blend was
selected as the optimum blend for further investigations and long-term operation

Scope for Future Work
 Variation in performance and emission of the engine with variation of compression ratio of the engine
can be studied.
 This project was carried out in a single cylinder engine for which satisfactory results were obtained.
Results with multi-cylinder engine fueled by conditioned oils can be carried out and compared with
that of single cylinder engine performance and emissions.
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 Various other b i o d i e s e l can be used as additive for diesel-ethanol blends to study the performance
and emission characteristics.
 Performance and emission characteristics of the engine can be analyzed by ANN- Modelling for
Diesel-Biodiesel-ethanol blends.
 Performance and emission characteristics of the engines can be done by changing the geometry of the
piston for Diesel-Biodiesel-ethanol blends.
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OBJECTIVES





To find physical properties like flash point, kinematic viscosity of nano material added biodiesel.
To find combustion and emission characteristics of nano material added biodiesel.
To find effect of nano material concentration on combustion and emission characteristics.
To conduct a test on 4 stroke single cylinder CI engine for diesel, blended biodiesel and CNT
added blended biodiesel.

RESULTS
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CONCLUSION
The performance and the emission characteristics of blended biodiesel (BBD) and CNT added BBD fuels
were investigated in a single-cylinder 4 stroke, constant speed and direct-injection diesel engine. Based on
the experimental data, the following conclusions have been drawn for 80% load.
1.

The brake thermal efficiency of CNT added BBD fuels is 3.34% better as compared to that of BBD.

2.

The Specific fuel consumption for CNT added BBD operation is 4.65% less than that of neat BBD
Operation.

3.

Peak pressure obtained for CNT added BBD operation is 3.5% more than that of neat BBD operation.

4.

From the HRR plots, the mixing controlled combustion phase for CNT added BBD is 30% more than
that of neat BBD operation. Hence improved combustion takes place

5.

CNT added BBD fuel operation resulted in good performance in terms of decreased HC emissions by
12.5% compared to neat BBD operation.

6.

CNT added BBD fuel operation resulted in good performance in terms of decreased CO emissions by
3.45% compared to neat BBD operation.

7. NO is increased by 47.95% because of high combustion temperature due to catalytic action of nano
materials
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Introduction
Nowadays, the petrochemical resource shortage and environmental pollution are two critical challenges, which
need to be addressed by our society. Since limited petroleum resources that have become increasingly depleted,
petroleum oil shortages as well as rise in gasoline prices have become important factors in restricting the global
economy. Furthermore, according to the results of scientific literatures, environmental pollution is caused by the
huge amounts of fossil utilization, leading to global warming and disasters related to climate change. In order to
solve these problems, both social and industrial researchers have started looking for renewable energy alternatives
that can partially replace fossil fuel resources for establishing a more sustainable society and promoting economic
recovery in the world. To achieve environmental and economic sustainability, production of fuels should require
them to be not only renewable, but also capable of sequestering atmospheric CO2. Microalgae appear to represent
the only current renewable way to generate Biofuels. Microalgae Biofuel are also likely to have a much lower
impact on the environment and on the world’s food supply than conventional Biofuel-producing crops. When
compared with plants Biofuel, microalgae biomass has a high caloric value, low viscosity and low density,
properties that make microalgae more suitable for Biofuel than lignocellulosic materials, as well as due to their
inherently high-lipid content, semi-steady state production, and suitability in a variety of climates. At present,
worldwide, the development of biomass has become an important way to adjust energy structure and to reduce
greenhouse gas emissions in order to realize both environmental and economic sustainability (Wu et al., 2007).
Objectives
More than 50,000 Microalgal species exist, but only 30,000 are studied so far, therefore we framed our objectives
as
 Screening and isolation of potential Microalgae strains from various water (Both Stagnant and Marine)
samples.
 Enhancement of lipid content in newly isolated Microalgae by optimizing different growth parameter
using RSM & ANN.
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Methodology
All the chemicals and reagents used in this study were of Analytical Grade (Merck and Qualigens).
Collection of sample: Water samples were collected
collected from various geographical areas of southern India (Three
from stagnant water and three from marine water). Collected samples were stored at 40C in refrigerator for further
isolation process.
Isolation of Microalgae: Different species of microalgae were isolated on three different microalgae specific media
i.e Bolds Basal Media (BBM), Modified Bristols Media (MBM0 and F2 / Guillards media using standard technique
i.e serial dilution technique.
Characterization: The isolated microalgae was further analyzed
analyzed for microscopic and morphological characteristics
using Light Microscopy and Scanning Electron Microscopy.
Lipid content estimation: Total lipid content of isolated microalgae was estimated colorimetrically and confirmed
using ATR-FTIR.
Optimization of microalgae growth conditions for enhancing the lipid yield: Four factors i.e Sodium
bicarbonate (NaHCO3), Sodium Nitrate (NaNO3), Salinity (NaCl) and Temperature were optimized using CCDCCD
RSM. The optimized values of CCD RSM is compared and validated using FFNM of Artificial Neural Network.
Results and Discussion
Isolation of Microalgae: The present study, success fully isolated five species of Microalgae from water samples
i.e both marine and stagnant water obtained from different parts of South India using various microalgae selective
media such as BBM, MBM0 and F2 / Guillards media. The optimized condition of the present study i.e 2.5g/l
NaHCO3, 0.625g /l NaNO3, 275 g/l at 320C temperature was found to register enhanced yield of lipids (1.54
mg/ml). The optimized values of the fours factors with respect to lipid yield was compared and validated using
ANN. ANN has reported the error values of 0.0001 for the optimized trail of the CCD-RSM
CCD RSM design.The topology of
ANN was shown in fig 1. Yang et al (2014) studied Scenedesmus sp.,, and optimized the process condition for the
enhanced yield of the lipid using RSM and reported 0.3mg/ml lipid which is 5 fold lesser than the present study
report (1.54 mg/ml). Singh et al. 2015 studied Ankistrodesmus falcatus KJ671624 and optimized the yield using
RSM and reported 0.0704mg/ml lipid which is 21 fold lesser than the present study report (1.54mg/ml). Aguirre,
2014 studied Chlorella vulgaris and optimized the lipid content using RSM and reported 0.4 mg/ml which is 3 times
lesser than present study report (1.54 mg/ml).

Fig 1: Topology of Feed Forward Model of ANN with input layer, hidden layer and output layer
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CONCLUSIONS
The present study concludes by identifying five elite microalgae species and the validated optimized design has
been reported to raise the lipid content approx 4 fold increases (1.54 mg/ml) with respect to natural lipid yields (0.4
mg/ml).
PROJECT OUTCOME
 Five elite microalgae were identified and Micrasterias is found to be naturally high lipid yielding
microalgae among all the five identified species.
 The naturally high yielding microalgae species Micrasterias culture conditions were optimized using
RSM and further validated by ANN.
 The validated optimized design has been reported to raise the lipid content approx 4 fold increases
(1.54 mg/ml) with respect to un-optimized lipid yields (0.4 mg/ml).
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1. Introduction: •

Natural resources like petroleum products etc. are depleting day by day because excess of utilization.

•

In this scenario there is a need for alternative fuel.

•

Today most of the countries in the world have taken up alternative method for production of diesel called
bio diesel.

•

Government of India and Government Karnataka has formed a separate ministry and programmed to
bring awareness in production of bio-diesel. This project needs the involvement of farmers, public,
technical person, NGO’s, etc.

•

Information and Demonstration center formed by KSBDB is concentrating mainly on awareness programs
& Entrepreneurs.

•

This project mainly focuses on the availability of Non-Edible Oil Seeds in Tumkur region and this result
will be used to support entrepreneur or Commercialization of bio diesel production.
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Objectives: 






We have taken into the account of “VISION2020” given by Dr. A.P.J. Abdul Kalam.
Central Government & Karnataka State program for development of Biofuel sector.
Rural Development.
Meeting the objectives of KSBDB.
Supporting entrepreneurs and continuous production.
Contributing to the Vision & Mission programs of Tumkur I & D center.

Methodology: 




Collection of Data regarding availability of non edible oil seeds.
Visiting potential areas to find quantity of seeds, method of collection and logistics.
Contacting the family members involved in collection of seeds.
Contacting APMC’s and Oil Industries.
The surveyed data after analyzing is tabulated as following:Table 1: - Data of selling of non-edible oil seeds in Tumkur region.
AREA
Tumkur APMC
Sira APMC
Hiriyur
Chelur

YEAR
2014
2015(Till Now)

TONS
1200-1400
800-900
600

RATE / KG (INR)
18-22
28-30
19-22

400
400

26-29
27-29

2015(Till Now)

250

26-29

2014

900

19-24

2014
2015(Till Now)
2015(Till Now)

Makenalli

Table 2: - Industries & their Locations
Sl. No.

Industry Name

Location

1.

ChannabasaveshwarOil Industry

Gubbi

2.

Santhosh Enterprises, RMC yard Hiriyur

3.

K.F.S Oil Industry

Hiriyur

4.

Srinivasa Oil Industry

Sira

5.

PatnayakaHalli Oil Industry

PatnayakaHalli

6.

Oil Industries Tumkur

Mandipet

Conclusions: The quantity of seeds availability and statistics can be used by entrepreneurs.
 This technique of raw material logistic can be used by the entrepreneurs.
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This will help in smooth running of factories throughout the year.
The datum collected will be shared with Forest and Agriculture department.
It will support Rural Development program.
It will also lead to stable price of seeds which has taken a massive leap in these years.
It will create new impetus to self-reliance to harness this product in automobile and in other sector requiring
energy sources.
Considering all these aspects it will make India develop self-reliant and save hard earned foreign exchange.

Scope for future work: Biodiesel has received great deal of attention as an attractive bio-renewable alternative to petroleum based
transportation fuels due to the depletion of fossil fuel resources and the propulsive attention towards
environmental concern.
 In a direction to meet the energy needs of vast rural population and to create employment opportunities.
 Since it is economically viable and technically feasible.
 The need of hour is to develop skill and infrastructure for harnessing this product.
 This project can be further imposed throughout in Karnataka.
 Data support for expatiating the program.
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Introduction:
The energy demand of the world is increasing due to industrialization and ever increasing number of vehicles
employing internal combustion engines. It is reported that the world energy consumption is projected to increase
due to robust economic growth and expanding populations in the world’s developing countries.
Among
the
available alternative fuels, biodiesel is considered as a renewable alternative to the fossil fuel. Biodiesel can be
produced from edible and non-edible oils. In India, the potential of the non-edible oil seeds for the biodiesel
production is significant as edible oil can not be used as a raw materials for the biodiesel production. Biodiesel
production has been increasing to meet the increasing energy demand. Proper storing of the produced biodiesel is
very essential.
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Biodiesel is produced by a chemical process called transesterification. The transesterification as a
reversible chemical reaction, triglycerides reacts with the alcohol and produces esters of fatty acids and glycerol.
Figure 1 shows the transesterification process.
R1---COO---CH2
R2---COO---CH
R3---COO---CH2
Triglyceride

+ 3CH3 OH
Methanol

catalyst

R1---COO---CH3
R2---COO---CH3
R3---COO---CH3
Biodiesel

+

HO---CH2
HO---CH
HO---CH2
Glycerol

With R1, R2, and R3 - hydrocarbon chain from 15 to 21 carbon atoms.

Figure 1 Transesterification

Since the properties of the biodiesel is close to diesel, it can be used as a partial substitute for the diesel in
the diesel engine without modification. However, modification is required when the biodiesel is used as sole fuel. A
large number of studies have shown that biodiesel is one of the most promising renewable and the engine
performance is close to the fossil diesel. The use of biodiesel in diesel engine significantly reduces the engine
emissions such as CO, UBHC and smoke emissions. However, there is a significant increase in NOx emission.

Figure 2 Layout of Engine Experimental Setup
Objectives:
1. Production of biodiesel from non-edible honge oil
2. Determination of properties of honge biodiesel.
3. Determination of properties of biodiesel mixed with additives
4. Study the effect of additives on the performance of the diesel engine
5. Study the effect of additives on the emissions of the diesel engine
6. Comparison of the engine emissions of biodiesel and biodiesel added with the additives.
Methodology:
The methods and methodology are selected such that the objectives can be fulfilled. The biodiesel was
produced from non-edible honge oil as it is most widely used for the production of biodiesel. The biodiesel was
produced from transesterification. The properties of the biodiesel was determined as per ASTM / BIS methods and
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compared with the fossil diesel. A four stroke water cooled diesel engine setup was used in this work. The engine
tests were carriedout with fossil diesel and engine performance parameters and engine emissions were recorded.
Then biodiesel was used as fuel and engine observations and emissions were recorded. After this biodiesel added
with additives were used as fuel and engine observations and emissions were compared with the diesel and neat
biodiesel. Figure 2 shows the layout of the experimental setup used in this work.

Figure 3 shows the engine setup used in this work.
Results and Conclusions
The biodiesel was produced from the honge oil. From the property analysis, it was observed that the biodiesel
properties are close to fossil diesel. However, the viscosity of the biodiesel is higher than the diesel. The engine
tests were initially carriedout with the diesel and engine performance parameters and emissions were recorded.
Then biodiesel was used as sole fuel and engine performance parameters and emissions were recorded. The
engine was running smoothly without any knocking. Eucalyptus oil and basil oil were added to the biodiesel with the
concentration of 250 and 500 ppm. The engine load was varied from no load to the full load. The engine tests were
carriedout at 1500 rpm.
From the engine tests, it is observed that the engine performance, i.e brake thermal efficiency, with the additives is
close to the neat biodiesel operation. However, there is a significant reduction in the NOx emission depends upon
the load, as compared to the biodiesel operation. The NOx emission of the biodiesel and biodiesel added with the
additives were more than the diesel operation. At low loads, there was not much variation in the CO and HC
emissions of the diesel engine with diesel, biodiesel and biodiesel added with the additives. However, at higher
loads, the difference increases. The CO and HC emissions of the biodiesel added with additives is slightly higher
than the biodiesel. From this work, we conclude that additives can be used to reduced NOx emissions of the
biodiesel fuelled diesel engine.
Scope for future work
The following are the scope for future work.
1. Analytical work can be carriedout to predict the effect of additives on the diesel engine.
Since this work is related to experimental work, analytical work can be carriedout to predict the performance of the
engine. Also, it will reduce the manual labour effort required to carryout engine work.
2.CFD work can be carriedout to find the fuel atomization and spray formation of the biodiesel added with the
additives.
The fuel atomization and spray formation are significantly affected by the additives. Hence, it can be visualized by
CFD tool which gives the reason for the reduction in the NOx emission.
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PROJECT REF NO.38S_B_BE_065

17. PRODUCTION OF BIODIESEL AND GLYCERINE
USING DAIRY WASTE
COLLEGE
DEPARTMENT
GUIDES
STUDENTS

:
:
:
:
:
:
:

GM INSTITUTE OF TECHNOLOGY, DAVANGERE
MECHANICAL ENGINEERING
DR. RAJAKUMAR D G
MR. SUNIL J GEJJI
MR. U. VINOD
MR. VISHWAS D
MR. SAMARTH GULLA

Introduction:
In the present world’s scenario the demand for fossil fuels is increasing day by day. The increased fuel
consumption leads to the fear of depletion of petroleum products. Considering this view point many sources were
looked at for production of alternative fuels. Most of the raw materials like seeds , grass, biomass have been in the
line of successful experimentation.
Hence a unique raw material that is the milk dairy waste scum has been selected. By the trans-esterification
process the biodiesel can be obtained and further its properties and performance on IC engines can be obtained.
There are many industries in India; one among them is Milk Industry. There is emerging demand for nonconventional energy sources around the world as well in India. The rate of milk production in India is about 150
Million Tons per year. A large dairy process 5 Lakh Liters of milk per day and produce approximately 200-350 kgs of
effluent scum per day. There solid waste is difficult to dispose.
There are few studies indicating the significant benefits of producing biodiesel and glycerine using dairy waste. Few
of them are selected related to our analysis with respect to production of biodiesel and glycerine using dairy waste.
Priyanka A.Thombre, A.P.Gawande all reported encouraging results.Work investigates feasibility study of using the
dairy waste/scum to produce an alternative fuel called bio-diesel along with by-product of Glycerin.
Objectives:
The objective of this project is to utilize this dairy waste scum from milk industries for the production of Biodiesel
and Glycerine. However the detailed objectives of the study are




To extract biofuel from dairy waste
To check various properties of biofuel obtained from dairy waste
To conduct performance test on IC engines

This work reduces the cost of production of Biodiesel as it is obtained from dairy waste as well the problem related
to disposal of dairy waste. The present work investigates the feasibility of utilizing of this dairy waste from milk
industries for the production of glycerine and biodiesel. The trans-esterification reaction carried out in presence of
base catalyst (KOH) potassium hydroxide.
Methodology: Trans-esterification Process:
In order to utilize this dairy waste scum from milk industries following methodology has been planned.
Collection of information about dairy waste scum through field visit across different parts of Karnataka,
Study the available methods to produce biodiesel from dairy waste and adopt a methodology for our process. The
scum has been collected from the Hassan Dairy, is heated and filtered to remove waste particle like sand, packing
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materials, insects and other impurities present in the scum. After filtering we will be getting orange colour thick oil.
The scum oil, which we filtered, was checked for Free Fatty Acid (FFA) using 0.1N NaOH. Transeesterification was
done to produce biodiesel using methanol as the solvent and Naoh as the catalyst at 60 ºC. Through purification
method, verifying the quality of biodiesel and glycerine. Through various blending options study conducted
performance test on single cylinder four stroke IC engine.
Properties of biodiesel:
Some of the important properties of the obtained biodiesel are as follows:
SL NO

PARAMETERS
Description

1
2
3
4

Kinematic viscosity at 40 deg C,cSt
Flash point, Deg C ( open cup )
Fire point, Deg C
Gross calorific value, Cal/g

RESULTS
Pale brown
liquid
4.8
130
138
8690

PROTOCOL
coloured
IS:1448(P 25)
IS:1448(P 66)
IS:1448(P 66)
IS:1448(P 6)

Results and Conclusions:
Engine performance test has been carried out by using biodiesel produced from dairy waste( milk scum).Testing is
carried out on four stroke diesel engine using different blending modes such B-60,B-80 and for pure biodiesel (B100) at the pressure ratio of 180 bar.
Below are the notations for different fuel samples which are blended.
Sl No
1
2
3

Biodiesel percentage
60%
80%
100%

Diesel percentage
40%
20%
0%

Notation
B60
B80
B100

The environmental benefits of biodiesel can be significant in terms of reductions in the emission of greenhouse
gases and reduction of other pollutants e.g. acid rain, photochemical smog etc. There is growing recognition that
the use of biodiesel in large commercial systems based on sustainability, existing resources and residues can help
to our natural resources. The usage of milk scum as biodiesel benefits in all aspects of engine performance.

•

From 10liters of milk scum we obtained around 7 liters of bio-diesel.

•

It can be concluded that the dairy waste or scum can be utilized to produce Bio diesel and it also
yields a by-product called Glycerine.

•

The usage of milk scum as biodiesel benefits the performance of IC engines in terms of parameters
like, Brake Specific Fuel Consumption (BSFC) and Brake Thermal Efficiency (BTE), thus it acts as
alternative fuel for fossil fuel.

•

Scope for future work:
All form of Fossil fuels are on the edge of extinction, on other hand bio fuel (biodiesel) acts as a future source also
as an alternative source of fuel in upcoming days. In accordance with the above stated information this project
provides an efficient and reliable way of production of Biodiesel from dairy waste and minimizes the environmental
pollutants emitting by the usage of fossil fuel. Moreover it saves the time for milk industries in disposing the waste.
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PROJECT REFERENCE NO.: 38S_B_BE_066

18. A STUDY ON EFFECT OF COLD FLOW IMPROVERS
ON CRYSTALLIZATION KINETICS OF BIODIESEL AND
ITS EFFECTS ON ENGINE OPERATION
COLLEGE
BRANCH
GUIDE
STUDENTS

:
:
:
:

NITTE MEENAKSHI INSTITUTE OF TECHNOLOGY, BENGALURU
AERONAUTICAL ENGINEERING
MR. SRIKANTH HV
MS. KRITHIKORNAYA
MS. MANASA R
MR. CHHOTE LAL SHAH

OBJECTIVES


To synthesis milk scum biodiesel by transesterification process which is highly saturate in nature.



To study in detail the the physical properties of the biodiesel and the main focus is given to the low
temperature properties which causes fuel starvation for engine.



Exploring the crystallization characteristics of the biodiesel and methods to improve the same.



Identifying suitable cold flow improvers to improve the low temperature properties of biodiesel and
correlating the effect of the same on the improvement of the cold flow properties of the biodiesel.



To elucidate the effect of cold flow improvers on performance, combustion and emission characteristics of
a C.I engine.

RESULTS AND DISCUSSIONS


Since the FFA % of milkscum is more than 2 sotwo steptranesterification process acid catalyzed followed
by base catalyzed tranesterification is adopted.



The properties of obtained biodiesel is satisfying ASTM standards and is given below
SL NO PROPERTIES

VALUES ASTM STANDARDS

1
2
3

Flash point ºC
126
Fire point º C
142
Kinematic viscosity at 40 ºC mm2/sec 3.041

100-170
NA
1.9-6.0

4
5

Density kg/m3
Calorific value kJ/kg

830-889
NA

834.5
40188
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PROJECT REFERENCE NO.: 38S_B_BE_068

19. PRODUCTION OPTIMISATION OF DAIRY SCUM
BIO-DIESEL USING RESPONSE SURFACE
METHODOLOGY AND TESTING THE PERFORMANCE
ON CI ENGINES
COLLEGE
BRANCH
GUIDE
STUDENTS

:
:
:
:

SIDDAGANGA INSTITUTE OF TECHNOLOGY
MECHANICAL ENGINEERING
MR. ARUN S B
MR. SIDDALING
MR. VEERESH
MR. BALBIR SINGH
MR. YOGESH SURYAVANSHI

Keywords: Dairy Scum, Transterification, Catalyst.
Introduction:
Globally, about 40% of worlds energy needs are being met from petroleum products as of today. The anticipated
growth in demand was expected to be 7%. There has been a significant and impressive growth in this sector which
has surpassed and failed all the estimates, forecast and projections made in this regard. It is estimated that the
world oil consumption will increase from 68 million barrel per day to 94 million barrel per day in next decade. India
is hard pressed for this important modern resources and is making all possible efforts to explore the off and on
shore crude and gas production besides having more than required refining capacity. The successful exploration of
crude and natural gas from desert area of the country and afterwards building infrastructure for its commercial
production and setting infrastructure facilities are given due importance. With the indigenous production of 32 MMT
and import of 80 MMT now and 350 MMT by 2025 AD (according in Hydro Carbon Vision 2025) the consumption is
likely to increase to 150 MMT by next 8 years, which will be difficult to meet with indigenous reserves, which are
only 0.6% of world reserves. This will increase the import bill to an all-time during next decade.
The energy generation sources and capacity in India have some limitations. Starting from 1347 MW of installed
power capacity in 1947 and limited food production, today the country is generating about 1,22,000 MW, whereas
the need is around 1,50,000 MW power to meet the country’s requirements in all sectors, including intensive
agriculture. The peak hour shortage is estimated 20%. The agriculture sector is worst effected from shortage of
power. Despite of promise and serious efforts many states are unable to provide electricity even for 8 hours during
standing crop irrigation period in rural areas.
The demand for petroleum products in India has been increasing at a rate higher than the increase in domestic
availability. At the same time there is continuous pressure on emission control through periodically tightened
regulations particularly for metropolitan cities. In the wake of this situation there is urgent need to promote use of
alternative fuels which must be technically feasible, economically competitive, environmentally acceptable and

readily available.
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Objective:






To obtain a pure sample of Bio-diesel by Transesterification process.
To improve the yield of Bio-diesel.
diesel.
To optimize the biodiesel properties using RSM technique effectively.
To enhance the effective usage of catalyst and alcohol.
To conduct the performance of biodiesel on single cylinder C.I. engines



To compare the properties of dairy scum biodiesel with conventional diesel
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7. Expected Outcome of the project:
 Finding out Alternative fuel for CI Engines.
 To get the better yield out of the fuel.
 Finding out potential alternative fuel for CI Engines.
 Optimized condition for production that can yield higher percent of biodiesel
 Production of an eco-friendly and economical biofuel.
8. Application of the project :
 To use the fuel in CI Engine.
 To replace conventional petroleum fuel.

*~*~*
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PROJECT REFERENCE NO.: 38S_B_MTECH_007
1. A NOVEL METHOD FOR THE PRODUCTION OF
BIOETHANOL FROM PALM KERNEL CAKE
THEREBY OBTAINING PROTEIN HYDROLYSATE
AND OIL AS BY-PRODUCTS FOR ANIMAL
NUTRITION
COLLEGE
BRANCH
GUIDE

:
:
:

STUDENTS

:

SIR M. VISVESVARAYA INSTITUTE OF TECH, BANGALORE
BIOTECHNOLOGY ENGINEERING
MR. SRINIVAS B. V
MR. MANJUNATH.R
MR. VINOD SINDHE

Introduction/ Abstract:
Currently India produces 50,000 MT of palm oil, in this process of production the various by-products are generated
such as empty fruit bunch, Mesocarp fiber, palm kernel shell, palm kernel cake, etc. The palm industry generates
around 7000 MT of palm kernel cake as a by-product which is used in animal diet with lesser quantity, due to lessdigestible carbohydrate and fiber. Palm kernel cake contains 50 % of hexose sugars, 14-20% of protein and also
contain residue oil about 6-8 %.
In this study, palm kernel cake is used as raw material for the production of bio-ethanol. Two different methods are
carried out to obtain oil, ethanol and protein. The first approach is enzymatic method, wherein in PROTAMEX
enzyme from Novozymes is used to get protein hydrolysate. The residual oil and protein hydrolysate forms top
layer and can easily be separated and the left out PKC biomass is utilised for ethanol fermentation. The second
approach is hot water treatment and acid hydrolysis treatment, where in the oil is obtained just by heating and left
slurry (water + PKC) is utilised for bio-ethanol using S. cerevisiae after dilute acid hydrolysis. After the fermentation
is carried out and ethanol separated, the solid residue with spent yeast will be potential source for animal feed.
Key words: Palm Kernel Cake, Protamex enzyme, protein hydrolysate, ethanol,
Objectives:
 To extract palm kernel oil using the Commercially available Enzyme, Protamex
 To utilize protein hydrolysate for feed formulations
 Utilization of carbohydrate for Bioethanol production
Material and Methods:
Materials required: Equipment: Autoclave, Laminar Air Flow, Orbital Shaking Incubator, Hot Air Oven, pH meter,
Weighing balance, Refrigerator, BOD Incubator, Heater.
Glassware: Petri dish, conical flask, Beaker, Distillation set up, Measuring cylinder, Glass rod, Test tubes
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Methodology:
Enzymatic hydrolysis:
The palm kernel cake was sieved twic e using 1mm mesh to get fine PKC powder.






The fine PKC powder was further
further mixed with distilled water in ratio 1:3 and autoclaved @ 121 0C for 20
min.
The sterile slurry content was inoculated with 0.5 % of protamex enzyme (based on dry mass of PKC) in a
sterile condition.
The enzyme inoculated slurry was incubated in orbital shaking incubator at 55 0C, for 90 min with 250 rpm.
The top oil and protein later was separated.
The solid residue was taken for the fermentation process using S. cerevisiae.

Hot water treatment and Acid Hydrolysis:






The fine PKC powder was further mixed with distilled water in ratio 1:3 and was incubated in water bath at
60 0C, for 90 min with continuous stirring.
The oil separated from PKC was collected and stored.
The remaining slurry were taken for the pre-treatment
pre
with 7% of H2SO4.
0
Autoclave the slurry at 121 C for 3-4h.
3
After cooling room temperature pH of the slurry were adjusted to 5 using NaOH then fermentation
process were done using S. cerevisiae.
cerevisiae

Fermentation of ethanol:





The remained slurry were taken for the fermentation process using S. cerevisiae at a concentration of 6g
per kg of PKC.
This slurry were kept in conical flask and covered with paraffin. Holes were made on paraffin in order to
release the carbon dioxide generated
gen
in the process.
The fermentation process was carried out in orbital shaking incubator for 48 hours at 33 0C at 180 rpm.
The sample was taken for ethanol recovery using distillation unit set up.

Results and Discussion:


Enzyme Hydrolysis:: Enzyme concentration
concentration was optimized and found that 0.5% of Protamex enzyme gave
the highest yield of 5% oil and 20 ml of protein hydrolysate. This protein hydrolysate can be used for sport
medicine, health drinks and animal nutrition. Fermentation of solid residue yielded
yielded 143 g of ethanol from 1kg
of PKC.
Oil
Protein Hydrolysate

Carbohydrate residue

Three layer formed after
Enzyme Treatment
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Hot water treatment and Acid hydrolysis: 2 % of oil was obtained using simple hot water bath treatment. And
the left slurry was pre-treated
treated with 7% H2SO4. Fermentation of the slurry yielded 152 g of ethanol.

Hot Water Treatment


Oil Obtained after treatment

Spent PKC and Yeast: After fermentation the solvent was used for the analysis of ethanol, the remaining
solid residue containing palm kernel cake and spent yeast was dried and analysed for protein by kjeldahl
method and results 23 % of increased protein content.
co

PKC + Spent Yeast


Both the methods carried out had its own advantages and disadvantages. Oil obtained from two methods
shows different results that hot water treatment yield 2%, and enzymatic method yields
yields 5% of oil, but the
properties of oil were similar from both the methods. Acid hydrolysis method yielded higher ethanol recovery
(152g/Kg of PKC) compared to Enzyme hydrolysis (143g/Kg of PKC). The advantage of using enzyme
hydrolysis over acid hydrolysis
sis treatment is that we get pure protein hydrolysate which can be directly used in
various applications and the spent PKC and yeast is after fermentation can be used as animal feed.

Future Scope:




Validating the extraction of oil.
Animal trails carried out with each protein forms (Protein hydrolysate and spent residue after the
fermentation).
Validation and optimisation of pre-treatment
pre
and fermentation process.
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PROJECT REFERENCE NO.: 38S_B_MTECH_021
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Objectives:







ENHANCEMENT OF BIOBUTANOL PRODUCTION
FROM WHEAT STRAW USING FBB
(FIBROUS BED BIOREACTOR)
:
:
:
:

M S RAMAIAH INSTITUTE OF TECHNOLOGY, BENGALURU
BIOTECHNOLOGY ENGINEERING
MR. GOKULAKRISHNAN M
MR. RAVISHANKAR SHIVANAND NILEGAR

Construction and study of parameters for Fibrous Bed Bioreactor(FBB)
Immobilization of Clostridium pasteurianum cells on FBB
Production of Biobutanol
Study of inhibitors produced in fermentation
Comparative study between Batch and Continuous fermentation
Analysis and recovery of the Biobutanol

Result and Discussion:
 Batch and continuous fermentation study was carried out by Clostridium pasteurianum NCIM 2880 cells
immobilized on the fibrous bed (cotton towel and coir mat).
 During the fermentation sample was collected different time interval i.e. 12, 24, 48, 72, 96 and 120 h.
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Productl %

2.5
2
Ethanol(cotton)
Ethanol (coir)

1.5

Ethanol (continuous)
Butanol (cotton)

1

Butanol (coir)
0.5

Butanol (continuous)

0
0

20

40

60

80

100

120
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Fig1: % yield of butanol and ethanol in batch (cells immobilized on cotton towel and coir mat) and continuous
fermentation.
In batch study it has shown that butanol production in batch fermentation carried out by immobilizing the cells on
coir mat was high (0.34%), whereas in cells immobilized on cotton towel was lower (0.27%). The productivity with
using coir mat was increased by 10%, which was considered efficient to use coir mat in column of continuous
fermentation as fibrous material. The use of fibrous-bed bioreactor clearly seems to have enhanced butanol
production when compared with the freely-suspended cell system. In the continuous study the C. pasteurianum has
shown significant improvement in final productivity of butanol, the final yield in continuous process by using coir mat
as fibrous material in column was 2.57% after 120 h of fermentation.
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PROJECT REFERENCE NO.: 38S_B_MSC_001

1. PRODUCTION OF BIOETHANOL FROM
AMMORPHOPHALLUS COMMMUTATUS AND
ANTIMICROBIAL ACTIVITY
COLLEGE
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GUIDE
STUDENTS

:
:
:
:

GARDEN CITY COLLEGE, BANGALORE
DEPARTMENT OF BIOTECHNOLOGY
MR. RENUKARADHYA K. MATH
MR. PRAKASH M BHUYAR
MR. ASHUTOSH V DAKE

Keywords – Bioethanol, pretreatment, glucose, starch, fermentation, distillation, potassium dichromate method.
Introduction
Ethanol is a fuel, a solvent, an anti-freeze, and an organic feed stock in the chemical industry. It can be
produced chemically from petroleum source or microbiology from any fermentable carbohydrate by yeast. Ethanol
is a colorless liquid with the structural formula CH3CH2OH, often abbreviated as C2H5OH. A psychoactive drug and
one of the oldest recreational drugs known, ethanol produces a state known as alcohol intoxication when
consumed as a beverage. Best known as the type of alcohol found in alcoholic beverages. It is also used
in thermometers, as a solvent, and as a fuel. In common usage, it is often referred to simply as alcohol or spirits.
Ethanol can be used as an alternative fuel to gasoline.
Objectives
 Collection of plant material from Western Ghats of Maharashtra.
 Hydrolysis of starch by using Aspergillus Niger and Trichoderma species.
 Estimation of starch and glucose from tubers.
 Fermentation for ethanol production and studies its antimicrobial activity.
Materials and methods
 Collection of plant material :The plant materials were collected from western ghats, Dapoli and nearby places and used for alcohol
production.
 Pretreatment of plantPretreatment was done by dilute sulfuric acid and distilled water. The pretreated plant was then grinded in
mixer and slurry was made with distilled water by 1:2 proportion. This slurry was then used for further
studies.
Estimation of Starch by Anthrone reagent –
Materials: Anthrone reagent (Dissolve 200 mg Anthrone in 100 ml ice cold 95% sulphuric acid, 80% ethanol,
52% perchloric acid, std. glucose (100 mg / 100 ml).
Procedure: 0.5 gm of Amorphophallus tubers was homogenized in hot 80% ethanol to remove sugars . Residues
were washed repeatedly with hot 80% ethanol . To the residues, 5 ml water and 6.5 ml 52% (HClO3) perchloric acid
was added. Centrifuged and supernatant was taken. Extraction was repeated using fresh perchloric acid.
Centrifuged and the supernatant was taken and make the volume 100 ml. Pipette out 0.1 or 0.2 ml supernatant
and make the volume to 1 ml by water. Prepare standard by taking 0.2, 0.4, and1 ml of working standard make the
volume 1 ml in each tube by D/W. Add 4 ml Anthrone reagent to each tube. Heat for 8 min. in boiling water bath.
Cool rapidly and read intensity of green to dark green at 630 nm.
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Estimation of reducing sugar by Dinitro Salicylic Acid ( DNSA ) method –
Materials: Dissolve 1 gm DNSA, 200mg crystalline phenol and 50 mg sodium sulphite in 100 ml 1% NaoH. (Store
at 4oC).
Procedure: 100 mg tuber powder was weighed, 5 ml 80% ethanol was added twice and supernatant was
collected, evaporated it by keeping in water bath at 100oc. 10 ml water was added. Pipette out 0.5 ml of extract in
test tubes and equalized the volume by 0.5 ml water. 3 ml of DNSA reagent was added later. The contents were
heated in boiling water bath for 10 min. cooled and O.D. was measured at 540 nm. Similarly run the series of
standard using glucose (100mg/100ml). Finally graph was plotted.
Fermentation –
After saccharification process, the inoculums were added in the quantity of 1:2 concentration in three different
flasks. It includes such as one flask which is added by only yeast granules6 gm and other two flask were
supplemented with Nitrogen source by addition of yeast extract 2.5 gm each and yeast granules 6 gm each. As
ethanol fermentation is an anaerobic process, it requires yeast Saccharomyces cerevisiae. So for fermentation
process, we use Saccharomyces cerevisiae.
Initially, incubation of 24 hrs in aerobic conditions is favorable for the growth of yeast cells at room temperature.
Then anaerobic conditions are provided to media for ethanol production.
Estimation of alcohol by specific gravity methodIn this process, "specific-gravity bottle" is used to hold a known volume of liquid i.e water at a specified
temperature. The bottle is weighed, filled with the ethanol whose specific gravity is to be found, and weighed again.
The difference in weights is divided by the weight of an equal volume of water to give the specific gravity of the
liquid. (Girish et al., 2014).

80
60
40
20
0
before hydrolysis after hydrolysis

Starch
Starch estimation (fig-1)

concentration in µg/ml

Concentration mg/ml

Hydrolysis: Hydrolysis of starch by using sachharification method –
 The pretreated slurry was taken in 3 different flasks.
 Out of these, two flasks were inoculated with Aspergillus Niger and Trichoderma species and
other one was only with Aspergillus Niger.
 Out of these 3 flasks, two flasks were kept at normal pH and other one was adjusted to pH 6
and all were incubated at room temperature..
 Hydrolysis was carried out for 12-14 days.
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
before hydrolysis after hydrolysis

Sugar
Sugar estimation (fig-2)

Result and Discussion –

Sugar and starch estimation is done by DNSA and Anthrone method resp. Result observed which showed
that before hydrolyses starch concentration was 75µg/ml i.e.; but after hydrolyses it decreased to 51µg/ml as
shown in Fig.1 .As per opposite sugar concentration was increased up to 0.63mg/ml after hydrolyses to the
concentration which was observed before hydrolyses 0.36mg/ml as shown in Fig.2.
KSCST : SPP – 38th Series : Biofuel Projects Compendium : 2014-15

69

Percentage of alcohol
(%)

13%
12%
12%
11%

% Of Alcohol

11%
pH 6.0

Normal

Aspergillus
Samples

Fig.4. Percentage of alcohol produced from Ammorphophallus commutatus after fermentation.
Note- Sample 1- Which was maintained to pH 6.0 and supplemented with Nitrogen source.
Sample 2 - Which was maintained to normal temperature and pH also supplemented with Nitrogen
source.
Sample 3 - Which was not supplemented with nitrogen source.
 After hydrolyses fermentation was performed for alcohol production and alcohol concentration was
estimated by specific gravity method. Result observed were 2 sample having Nitrogen source are
having 11% alcohol concentration and 12% concentration which is having no Nitrogen source resp. As
shown in Fig.4.

Calculation:W1=24.340,W2=51.350,W3=50.830/50.840/50.820
Weight of water (W2-W1) = 26.49/26.50/26.48
Weight of sample (W3-W2)=27.01/27.01/27.01
Specific gravity of sample =(Weight of sample × Density of water in RT)/Weight of water
(W3-W1)×0.9944/(W2-W1)=0.9752/0.9752/0.9748
11% alcohol estimated in sample 1&2 and 12% alcohol in sample 3 from alcoholometry table.
Antimicrobial Activity
 Simultaneously anti microbial activity was carried using 3 different extract such as before hydrolysis,
after hydrolysis and after fermentation extracts using 4 different pathogens such as E.coli ; Salmonella ;
S.aureus ; Serratia and result observed were that Salmonella and S. aureus showed positive result
while E. coli and Serratia showed
negative result as shown in
Table. Antimicrobial activity test of tuber extracts against clinical pathogens.
S.NO.

Organisim Name

Anti-Microbial
Activity

1

E.coli

-

2

Salmonella

++

3

S. aureus

++

4

Serratia

-

Note : ' - ' No Activiy ; '+ ' Low Activity; ' ++' Medium Activity
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INTRODUCTION
With the rapid decrease in fossil fuel reserves, the increasing demand of energy, there is a world-wide urge to
develop renewable platforms for fuel production. Though, there are many methods for the production, the third
generation energy production from photosynthetic microorganisms such as microalgae is gaining major importance
these days, because of its high surface productivity and cultivation in non- arable land, fresh, brackish, sea or even
waste water depending on species (Beer, et al., 2009; Scott, et al., 2010; Wijffels and Barbosa, 2010) and also for
accumulation of up to 60% oil per dry weight under stress conditions (Chisti, 2007). Use of microalgae for biofuel
production, its commercialization and current status has been reviewed by many researchers (Greenwell et al.,
2010; Darzins et al., 2010, Tahani et al., 2013). Some micro algal strains which are tested for the production of
biofuel are Chlamydomonas reinhardtii in which oil content can reach 50% of dry biomass (Li, et al., 2010),
Ostreococcus tauri whose physiology is not understood properly (personal communication F.Y Bouget),
Phaeodactylum tricornutum which can accumulate significant amount of lipids under silicon absence (Sheehan,
1998), Nannochloropsis in which the homologous recombination has been demonstrated with high efficiencies for
N. gaditana (Kilian, et al., 2011).
The strains which are tested for genetic improvement are Chlamydomonas mutants (Tolleter, et al., 2011),
Phaeodactylum tricornutum (Radakovits, et al., 2011) and Chlamydomonas (Yohn, 2011; Boyle, et al., 2012). But,
slow growth, high production cost, non-optimal fatty acid composition of micro algal lipids and arrest of cell growth
during fatty acid accumulation due to stress are the main hurdles of these strains in Industrial level for large scale
production of biodiesel ((Grima, et al., 2003; Siaut, et al., 2011). Therefore, there is no “Algal Crop” destined for
large scale biofuel production till date and intensive research efforts are needed in both strain development and
technology innovations. Decoupling oil synthesis from arrest of cell division and harnessing the complexity of lipid
metabolism are the main biotechnological challenges in this area. The one way to produce hyper oil accumulator
algal species is through selection or breeding. However, conventional breeding is not suitable for algae strains
since sexual cycles are lacking or poorly defined for most species (Yonghua and Gilles, 2013). Therefore, the
present study is aimed on somatic hybridization of selected micro algae species by protoplast fusion to get the new
strain and to estimate its biofuel yield.
OBJECTIVES:
Establishment of algal culture which has high lipid or triglyceride content by optimizing the growth conditions for
their rapid growth and multiplication. Media tested with or without phyto regulators like; Glycerol, auxins and
cytokinins in various combinations for rapid multiplication of microalgae. Development of pure cultures of the
selected species and subject them to protoplast isolation by removing the cell wall using various concentrations
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and combinations of macerozymes, pectinase, cellulases to find the best digestion combination. Development of
new hybrid algal strain through somatic hybridization with the strains with higher oil content using different
methods and to standardize the accurate protocol for successful fusion. Subjecting the hybrids for lipid extraction
and quantification of lipid and biodiesel production and analyze the quality and compare with each strain.
METHODOLOGY:
MATERIALS AND METHODS
A. SAMPLE COLLECTION
Collected water sample from KR Puram, Banswadi and Varthur Lake as well as stagnant water for isolation of
algae. Chlorella vulgaris was purchased from central marine fisheries and Research institute. The samples were
inoculated in BG-11 media and Bold’s basal media. These cultures were used for protoplast isolation, fusion and
lipid extraction.
B. TOTAL LIPID EXTRACTION
The total lipid content was extracted using Folch’s method.
1.
2.
3.
4.
5.
6.
7.
8.

The algal samples of 5g were washed with water and the fibres were separated using forceps.
The samples were dried in a hot air oven at 60ºC for 20 minutes.
To the dried samples 8ml of 2:1 chloroform-methanol (v/v) mixture was added.
The sample was ground to fine paste using mortar and pestle.
The mixture was transferred to 10ml centrifuge tubes.
To the tubes 2ml of 0.73% NaCl water solution was added.
The contents were centrifuged at 350g for 2 minutes.
The phases were separated and the lower phase consisting of lipids was recovered for analysis.

C. PROTOPLAST ISOLATION
The algal samples were subjected to protoplast isolation.
1. Different species of Micro algal cells from the maintained cultures were centrifuged at 900 g for 5 min,
2. The cell pellet was suspended in 25 mM Tris buffer (pH 6.0) containing 0.6M D-mannitol.
3. The cell-wall-degrading enzymes such as cellulase (1%) macerozyme (2%) pectinase (1%) were added to
the mixture to get the optimum digestion conditions.
4. Each treatment was kept at 30C for 12 hrs and 24hrs, then the cells were centrifuged at 300 g for 2 min
5. The supernatant was discarded and the pellet was suspended in 1.5M sugar solution to separate the
protoplasts.
6. After being centrifuged at 300 g for 3 min, the viable protoplast layer was transferred into 1ml of 25mM
Tris buffer (pH 6.0) containing 0.6M D-mannitol for further analysis.
D. PROTOPLAST FUSION
Polyethylene glycol (PEG) treatment.
1. Vaucheria and Chlorella vulgaris; Spirogyra adnate and Chlorella vulgaris; Spirogyra adnate and
Vaucheria were mixed.
2. 3 ml of the above mixed solution was dispersed and allowed to settle at the bottom of a Petri dish (5 min).
3. To the above solution, PEG solution (3 ml) containing 0.2M glucose, 10mM CaCl, 0.7M KH2PO4 and
0.125mM PEG (MW-4000), pH 5.8, was added and kept aside for 30 minutes
4. Dilution of PEG was initiated by adding, in droplets, 5 ml of the eluting medium.
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Eluting Medium: (a) 100mM glycine, 0.3M glucose, pH 10-5;
10 5; (b) 100mM CaCl, 0.3M glucose. Solutions (a)
and (b) were mixed in equal proportions just before use. A further 10 ml eluting medium was added after 10
min.
5. The protoplasts were washed five times with A1 medium
medium containing 0.6M NaCl, with interval of 5 minutes
between each wash. These cells were then resuspended in the culture medium and incubated in shaker
overnight at 100 rpm at 25 ºC.
RESULTS
 Algal species Spirogyra adnate and Vaucheria was isolated from the water samples and confirmed by
observing under microscope. Maximum cell wall digestion was obtained under 24hrs treatment with cell
wall degrading enzymes.
 Out of the various combinations tried for fusion of protoplast, Spirogyra adnate and Chlorella vulgaris was
successfully fused and the hybrid acquired few common characters from both the parent. As the hybrid
acquired the pigmentation similar to that of Chlorella vulgarisand
and the morphological characters like the
cellular structure
re is similar to that of Spirogyra adnate ,observed under microscope for the characteristics
in comparison with the original cell structures.
 The cells were subjected to stress conditions like increase in carbondioxide level in the culture condition
and also few sets of cultures were subjected to depleted media and observed for the yield of lipid content,
the cells produced slight higher amount of lipid as compared to that of normal strains.
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DISCUSSION:
 Protoplast induction for spirogyra species has been reported since 1980, the enzymatic digestion methods
used to get protoplasts have been successfully in many (Braun and Aach 1975). Even then, due to the
complexity of the cell wall structures or chemical composition, protoplast isolation systems were difficult to
develop for some species (Yamada and Sakaguchi 1982; Rosen et al.1985). Since cell wall complexity is
the major factor influencing the deficiency, selection of the appropriate degrading enzymes is the key to
isolating protoplasts.
 If the cell density is not too high, photosynthesis is still possible. While actual growth is limited under these
conditions, cells are still able to fix CO2 and accumulate photo-assimilates in the form of starch or lipids
that have important storage functions for survival under unfavourable conditions (e.g. low nutrients, microoxic conditions, anaerobiosis, low/ high light or dry, hot or cold conditions). Algae that accumulate lipids in
large amounts are therefore often found where environments and microclimates alter frequently between
optimal growth conditions and survival under suboptimal conditions. Under normal growth conditions most
algal species have a lipid content of ∼10–30% dry weight. However, during nitrogen depletion the cells
stop dividing and the storage products continue to accumulate at approximately the same rate as in nonnitrogen limited cells with the result that dry weight lipid (hydrocarbon) contents can double or triple.
SCOPE FOR FUTURE WORK:
 Further study on critical factors for all the strains, would help to develop the protocol for large scale
production in industries for obtaining biodiesel or any essential components.
 The hybrid variety obtained would be used in industries to produce biofuels.
 To check for the adaptability of the hybrid strain developed in the natural environment and effect of these
strains on the natural habitat without causing any adverse effect with other natural habitats.
 They can be processed into a broad spectrum of products including biodiesel via trans-esterification,
green diesel and gasoline replacements via direct catalytic hydrothermal conversion, and catalytic
upgrading, and bioethanol via fermentation, methane via anaerobic digestion, heat via combustion, bio-oil
and biochar via thermochemical conversion, and high protein animal feed.
 Polyunsaturated fatty acid oils are tested for use as nutritional supplements and pigments are important as
natural dyes.
 Stable isotope biochemicals help in structural determination and metabolic studies.
 The hybrid variety so obtained could be an avenue for further researchers to reduce the production cost by
slight modifications.

*~*~*
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Introduction: Biofuels are being given serious consideration as potential sources of energy in the future,
particularly in developing countries like India. The use of biodiesel in conventional diesel engines results in
substantial reduction of unburned hydrocarbons, carbon monoxide and particulate matters. Plant species, which
have 30% or more fixed oil in their seeds or kernel, have been identified in India has a lot of potential of non-edible
oil tree born seeds. The country is endowed with more than 100 species of tree born non-edible oil seeds occurring
in wild or cultivated sporadically, to yield oil in considerable quantities.
Calophyllum innophyllum Linn, belongs to plant family Clusiaceae (Mangosteen family). It is locally with common
names–Surahonne or huhonne (Kannada), Alexander Laurel (English), Undi (Marathi – Maharashtra). It is typically
8–20 m (25–65 ft) tall at maturity and widely dispersed throughout the tropical Asia. Found in strand or lowelevation; mean annual temperatures 18–33°C; annual rainfall 1000–5000 mm. It also occurs on beach and in
coastal forests on west and east coast of India. It grows best in sandy, well drained soils. It is a multipurpose, one
of the non-edible tree borne oilseeds (TBO’s) containing nearly 50-70% oil. However, studies are limited in
Calophyllum inophyllum growing in different site conditions in coastal Uttara Kannada in Agro-climatic zone-9 of
Karnataka, thus warrants systematic investigation. Hence, the present research is proposed with following
objectives
Objectives: Tree borne oils species are becoming popular and Calophyllum inophyllum is one of those species
which is least exploited for its oil content and biodiesel potential. The present investigation was carried out with the
following objectives:
a)
b)
c)
d)

To study the growth and seed morphometric traits of Calophyllum inophyllum.
To biochemically characterize Calophyllum inophyllum seed oil yield and quality.
To study nutrient composition of Calophyllum inophyllum seed de-oiled cake.
To produce biodiesel from Calophyllum inophyllum seed oil and its quality evaluation.

Methodology: Present study is conducted in Uttara Kannada district, Karnataka located between 130 to 160 N
latitude and 740 to 760 E longitude. District come under the Agro-climatic Zone-9 of Karnataka i.e., Hilly Zone.
Experiments are undertaken in the already existing trees in natural forests. The sampling sites lie between 140 49’14º 53’ N to latitude and 740 08’-74 21’ E longitude. Five experimental locations (L1 –L5) are chosen one each in
coastal taluks of Uttara Kannada viz Karwar, Ankola, Kumta, Honnavar and Bhatkal. In each location, two sites are
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chosen one near the coast (within 1 km, S2) and one away from coastal area (3-5 km, S1) served as treatments and
replicated thrice. The rainfall in these sites ranges between 3209-4145 mm per year and the altitude ranges
between 2.9-26.6 m. The geographic information of these sites was recorded by using GPS. Seeds were drawn
randomly form the pods harvested from identified candidate plus trees. The fruit, in terms of the three principal axial
dimensions was measured using digital vernier calipers. The seeds are sun dried and subjected for soxhlet
extraction by using solvent petroleum ether to get oil. Organoleptic and physico-chemical characterization of oil was
carried out by standard methods. The fatty acid composition of oil was determined by Gas chromatography mass
spectrometry (GC-MS). A two stage acid-base process using methanol as reagent and H2SO4 and NaOH as
catalysts for acid and base reactions respectively was adopted for the production of biodiesel. Physico-chemical
characterization of biodiesel was carried out by standard methods. C. inophyllum de-oiled cake samples were
analyzed for their mineral profile using standard methods.
Results and Conclusions: The analysis of variance showed significant effect of provenance on various growths
and productivity parameters such as DBH, total height, bole height, crown diameter and basal area of the C.
innophyllum. Most of the climatic and edaphic factors exhibited positive trend with almost all the growth and
productivity parameters. The fruit size parameters of C. inophyllum were significantly influenced by different
locations. The fruit length, fruit width and fruit weight are found to be 2.78 to 2.92 cm, 2.42 to 2.69 cm and 4.04 to
5.49 g, respectively. Seed length, seed width, seed weight, shell weight, seed fraction are significantly influenced
by different locations and site factors except for shell fraction.
C. inophyllum oil was greenish yellow in colour with disagreeable odour. The seed oil yield varied from
36.07 to 48.87 per cent. Oil is rich with four fatty acids as the major components. Major fatty acids detected in the
oil are palmitic acid (C16:0, 17.24-23.39 %), stearic acid (C18:0, 9.88-15.90 %), oleic acid (C18:1, 24.87-62.73 %)
and linoleic acid (C18:3, 21.46-57.23 %). Minor fatty acids detected in the oil are nervonic (C24:1, 2.15-3.69 %) and
heptadecanoic acid (C17:1, 1.12%). C. inophyllum oil contains an appreciable amount of unsaturated fatty acids
(62.21–64.57 %). Percentage share of unsaturated fatty acids was found to be slightly higher in all the locations
near coastal region (S2) than in sites away from coastal region (S1).
Oil is having kinematic viscosity of 38.17 cSt (at 40°C), density of 933 (kg/m3 at 30ºc), acidity was 39.6 (mg
KOH/g), specific gravity of 0.933 (at 30ºc), free fatty acid content of 34.08 (as oleic acid equivalent), saponification
value of 202.71 and iodine value of 93.05. The optimum reaction conditions for transesterification of C. inophyllum
seed oil was by two step acid base process using methanol as reagent, H2SO4 and NaOH as catalysts for acidbase reactions respectively is effective in producing the appropriate quality of biodiesel with 67.07 per cent yield.
Biodiesel is having kinematic viscosity of 1.638 cSt (at 40°C), density as 889 (kg/m3 at 30°C), acidity value of 0.14
(mg KOH/g), specific gravity of 0.889 (at 30ºc), saponification value as 147.56, iodine value of 90.12, flash point of
140ºC and cetane value of 59.35.
De-oiled cake of C. inophyllum contains nitrogen (3.46 to 3.76 %), phosphorus (0.85 to 1.06 %), potassium (2.20 to
2.38 %), calcium (0.10 to 0.39 %), magnesium (0.07 to 0.15 %), iron (0.04 to 0.08 %) and copper (0.08 to 0.14 %)
respectively. The interaction effect of locations and sites also differed significantly with respect to nutrient content.
The proximate components were significantly influenced by both the locations and sites. There is significant
variation in proximate components in de-oiled cake of C. inophyllum viz. Moisture content (7.23 to 8.90 %), ash
content (5.44 to 6.07 %), crude oil content (9.99 to 11.89 %) and crude protein content (21.87 to 24.68 %)
respectively.
9. Scope for future work: Calophyllum inophyllum is a potential source of oil and it can grow in diverse type of
climatic conditions. Work on characterization of its oil in various commodities like medicinal, pharmacological and
other attributes is scanty which may be taken up in near future. There is potentiality for commercial exploitation of
oil in India for both the domestic and export markets. Much will depend on how this species perform in different
regions of the country. It may be standardized in future. There is also a need to study the most appropriate age for
harvesting and harvesting time for better oil yield. The study of fatty acid profile of oil indicated variation in fatty acid
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contents, which are of medicinal importance. Hence, there is a need to undertake detailed studies in future to
identify promising source. The knowledge of genetic variability and association between pod and seed traits is
considered to provide considerable help in genetic improvement of the species. Studies are needed to evaluate the
de-oiled cake as organic manure and cattle feed. Looking at the potential of C. inophyllum in the present study,
establishment of plantations of high yielding species/provenance in different Agro-climatic Zones of Karnataka and
India may be explored.
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Introduction
Azadirachtaindica seed cake is a low-value by-product resulting from bio-diesel production. The seed cake is highly
toxic, but it has great potential for biotechnological applications as it comprises of bioactive molecules that could be
having beneficial application in agriculture, medicine, animal feed and other industries. Lipases (triacylglycerol ester
hydrolases, E.C. 3.1.1.3) are the enzymes, that catalyse the hydrolysis of triglycerides to fatty acids and glycerol ,
are one of the leading biocatalysts with proven potential for contributing to the multibillion worldwide enzyme
market. A way to obtain low cost lipase is termed as solid state fermentation. The essence of SSF is in the use of a
solid culture medium as a nutrient source and support for microorganism growth. It is a good solid culture medium
nutrient source and supports microbial growth which is the main requirements of solid state fermentation (SSF).
Several studies have been carried out to obtain lipases by solid state fermentation SSF using different agroindustrial residues, such as wheat bran, gingelly oil cake , rice husks , castor bean waste, Lipase-producing
microorganisms include bacteria, fungi, yeasts, and actinomyces. Fungal lipases have been studied since 1950.
These lipases are being exploited due to their low cost of extraction, thermal and pH stability, substrate specificity,
and activity in organic solvents.
Objectives:
•
•
•

Screening of potential fungal strains producing extracellular lipase using Azadirachtaindica(NEEM) seed
cake
Optimisation of fermentation conditions (pH, temperature) for the production of lipase and partial
purification of lipase enzyme from isolated fungal strain
Immobilisation of lipase enzyme and further evaluation for the biodiesel production
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Methodology
Soil Enrichment
The soil, being a rich source of several microbes, was enriched for the lipase production by mixing the soil with
neem oil seed cake followed by daily sprinkling of the mixture of tween 80 and vegetable oil over a period of 7
days.
Isolation of Lipase Producing Microorganisms
After 7 days of soil enrichment process, one gram of soil sample was collected and suspended in 250ml
Erlenmeyer flask containing 100ml of sterile saline further subjected for sequential serial dilution (10-folds).
Approximately, 100µl of each dilution sample was spread on Rhodamine agar plate and plates by spread plate
technique and plates were incubated at 28˚C for 3-4 days.
Culture conditions
The identified fungal species were cultured in 250 ml flasks containing 20g Azadirachta indica seed cake as solid
support impregnated with a concentrated broth, in a ratio of 1g per 1.5 ml, of nutrient source modified culture
medium(SSF Medium) consisting of KH2PO4 ( 1.0g/l), MgSO4 (0.5g/l), KCl( 0.5g/l), FeSO4 (0.01g/l),
Dextrose(12.5g/l), Peptone(20g/l), Tween-80(15 ml/l), Triton x 100(4 ml/l) and Olive oil(25 ml/l) . The initial pH of
the medium was adjusted to pH 6.5 ,then sterilized in autoclave at 121˚C for 1hr ,allowed to cool to room
temperature .
Solid State Fermentation (Ssf)
SSF was carried out using Azadirachta indica seed cake. In briefly, Oil cake was impregnated with a concentrated
culture broth, in a ratio of 1.5 ml /g, and sterilized at 121˚C for 60 min & was allowed to cool to room temperature.
Then, suitable volume of spore suspension was taken as inoculum and inoculated into the sterile Erlenmeyer flasks
(250 ml) containing 20g solid support (seed cake), impregnated with concentrated culture broth (SSF media)as
shown in fig 4 .The flasks were incubated at 28- 30˚C for a period of 10 day and were observed for the growth of
fungus on solid support,to carry out further studies.
Enzyme Extraction
After 7 to 10 days of incubation, the extracellular lipase enzyme was extracted from flasks, where in the process
involved , the addition of 20 mM Phosphate buffer (pH 8.0) containing 1% (W/V) Triton X 100 ,and the flasks were
kept in a rotary shaker at 200 rpm for one hour at 28˚C,resulting in stirred mixture. After one hour the ingredients of
the flask was subsequently filtered and the culture filtrate obtained was used as the enzyme source.
Lipase Activity Assay
Once the crude enzyme was obtained,its activity is determined.It was carried out by titrimetric method ,with slight
modifications ( Borkar et al.,2009), where in mixture of olive oil and tween-80 (1%) was used as substrate.Then
10ml of substrate was taken in conical flask and 4ml of 0.1M sodium phosphate buffer (pH 7.0),0.5ml of CaCl2
,1ml of enzyme was added. The total contents were incubated at 37˚C in water bath for 20 mins with frequent
shaking for every 5-10min. Later the Reaction was terminated by addition of 20ml of acetone:ethanol mixture (1:1
v/v). Then the total contents were titrated against 0.1N sodium hydroxide(NaOH) using phenolphthalein as an
indicator, until the appearance of pale pink colour as end point .
Optimization Of Lipase Production
After the lipase activity was determined,lipase production was optimized by altering parameter mainly pH in the
range (5.0-8.0) & was subjected for evaluation for lipase production by lipase assay ,after fermentation period of
7-10 days.This was carried out to determine pH at which fungal growth is maximum.
Optimisation of pH
Initially, the lipase production was determined from culture in Solid state fermentation media at 28˚C. In order to
evaluate the optimum pH, the SSF medium with precise pH values 5.0,5.5,6.0,6.5,7.0,7.5 and 8.0,was prepared
using sterile 1N NaOH or 1N HCl. Then the flasks were inoculated with fungal culture and kept in room
temperature for a period of 7-10days .After 10 days ,the enzyme was extracted from the fermentation broth ,from all
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the flasks and the filterate obtained from each flask was used as enzyme source .Then the lipase production was
evaluated at different pH’s by titration method with the determination of enzyme activity at each pH.
Determination of Effect of pH and Temperature on Enzyme Activity
It is of crucially importance to carry out the studies on effect of temperature and pH on enzyme activity because,
generally the enzymes are active and stable ,and show maximum activity only at unique temperature and pH
condition. Hence, this studies was carried out to determine the stability of obtained lipase enzyme at different
temperature and pH conditions.
Effect of Temperature on Enzyme Activity
The effect of incubation temperature on the stability of lipase enzyme was observed by incubating the enzyme at
different temperatures (20,28,30,37,40,45,50,60,70,80 & 90˚C ) and then the lipase assay was carried out to
determine the enzyme activity at each temperature and is noted.
Effect of pH on Enzyme Activity
The effect of pH on lipase activity was determined by use of acidic and basic buffers, such as , citrate buffer (pH
5.0 & 5.5) , sodium phosphate buffer (pH 6,6.5 & 7.0) and Tris-HCl buffer (pH 7.5 and 8.0). The effect of pH, on the
stability of lipases was observed by carrying out the lipase assay with use of specific buffer relating to specific pH.
Then the enzyme activity at each pH was determined. This studies indicates the acidity and alkalinity nature of the
lipase enzyme.
Preparation of Partially Purified Lipase
Anhydrous Ammonium sulphate is the most common salt used for precipitation because it is very soluble in cold
buffers. Ammonium sulphate precipitation is commonly used in research laboratories for protein purification
because it provides crude, inexpensive and easy purification of proteins from non-proteins with the separation of
undesired proteins. Precipitation using ammonium sulphate also yields precipitated protein slurry that is usually
very stable.
Procedure
The crude lipase enzyme from cell free supernatant, which was obtained after extraction process and further
subjected to precipitated by adding several saturation levels (w/v) of ammonium sulphate ranking from 40-90% with
slow mixing and left undisturbed for 1hr at 4˚C. The precipitated protein was pelleted at 10,000 rpm for 20 minutes
at 4 C. The pellet was dissolved in 20 mM Tris-HCl buffer (pH 8.0). The dissolved protein was dialyzed against
10 mM Tris-HCl buffer (pH 8.0) for 24 hours with three changes of buffer. After dialysis,the the dialysed enzyme
was used for further studies.
Protein Content Estimation
It was carried out by Lowry’s method ( Lowry et al .,1951)for the crude enzyme extract and dialysed enzyme
sample, taking BSA solution (Bovine Serum Albumin) as a standard (200µg\ml).
Standard BSA sample was prepared by dissolving 20mg of BSA in 100ml of distilled water. Several known dilutions
were made (0.1 ml, 0.5 ml, 1.0 ml) and all of these were made up to 1ml .Then 5 ml of alkaline copper-tartarate
reagent (reagent C) was added and then incubated at room temperature for about 10 minutes. After 10 minutes of
incubation, 0.5 ml of F.C (Folin-Ciocalteu) reagent was added to each test tube and the set up was then placed in
the dark for 20 minutes. The optical densities were recorded using a spectrophotometer at 660nm. A standard
calibration curve was obtained. The unknown samples were also subjected to the same procedure and protein
content was determined using the standard curve.
Immobilization Of Lipase Enzyme
10 ml of 2%sodium alginate gel was mixed with 10ml of dialysed enzyme and then the mixture was stirred
thoroughly to ensure complete mixing. the well mixed solution was dropped into 50 ml of cold 0.1M CaCl2 solution
with a dropper, Ca-alginate beads were formed. After 20 min of hardening ,the beads were collected by filtration,
and then washed with phosphate buffer (0.2 M ,pH 8) twice to remove the unbound enzyme (Won et al ., 2005).
Effect of Incubation Time on Enzyme Activity
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The immobilized enzyme beads obtained, are subjected to lipase assay for the determination of enzyme activity at
different incubation time periods. The optimal time period for effective enzyme activity was evaluated by
incubating the immobilized enzyme beads along with substrate at various time intervals for 1h ,2h ,4h at 37˚C
using 0.1 M phosphate buffer. After incubation time period , the enzyme activity was assayed by lipase titrimetric
method. Effective optimum incubation time period is determined from the time period at which highest enzyme
activity is obtained.
Results and Discussion
After carrying out several sequential procedures such as screening, isolation of fungal strain for production of
lipase from enriched soil sample ,the results of the study are as follows
Screening and Isolation
The four different fungal strains isolated from the enriched soil sample. These strains were characterised based on
their macro and micro-morphological characteristics and tentatively identified as Penicillium sps, Aspergillus sps,
Trichoderma sps and Cladosporium sps (fig-1).
Upon further screening of these fungal strains for the lipase production and highest lipase activity was observed in
Penicillium species. Further Penicillium strains were selected, subcultured and used as object of interest for the
production of lipase using rhodamine plate method (fig 2)

Fig 1: Isolated fungal strains from enriched soil sample 1. Penicillium sps , 2. Aspergillus sps,3. Trichoderma sps,
4. Cladosporium
In rhodamine assay media, the rhodamine-olive oil present in the culture media ensures the growth and
maintenance since the rhodamine is usually insensitive to pH and temperature fluctuations and poses negligible
contamination (Fig -3).
Under room temperature:
Under UV light
Fungal morphology
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Green colored fungal colony possessed a white border along its boundary.The green
colored spores were observed on the surface of the colony. The cultures grown on the
rhodamine assay plates resulted in the formation of orange fluorescent zone (fig3)around the colonies due to release of fatty acids by the degradation of media , indicating
the lipase activity.Similar fluorescent zones were also seen in the earlier report (Savitha et
al., 2007) in which Rhodamine fluorescence-based assay was used to screen 32 fungal
species from different sources, resulting in effective screening of fungi species.
Fig 3: Culture of Penicillium sps grown on rhodamine assay plate
Solid State Fermentation
After incubation period of 10 days,thick green colored growth of penicillium sps was observed on the surface of
solid support as shown in fig 5,which indicated that the components of the media have been effectively utilized by
Penicillium strains,for their growth.
Fig 5: Penicillium Strain Growth After Fermentation Time Period
Lipase Activity Assay
The lipase activity was carried out by estimating the free fatty acid content in blank and in the test after the
incubation of oil substrate with enzyme by titrimetric method.
The titrimetric method for determination of the enzyme activity yielded lipase activity of 2.74U/ml/min. Similar
results were reported in case of lipase production in SSF using A. Niger ,with the use of Wheat bran and soyabean
meal are as substrates, 2.9 U/ml was the observed lipolytic activity. (Aunstrup et al.,1979).
Optimisation Of pH Culture Conditions for The Production of Lipase
The fungal growth was best observed at pH 6.5. The enzyme production under this pH condition was confirmed by
extracellular lipase assay (Fig 6) and the enzyme activity was
observed to be 0.4U/ml/min.
0.5

8

6.5

0

5

Fig 6: Optimisation of pH culture conditions for the production of
lipase

Enzyme Activity
(U/ml/min)

Optimum Growth

specific
activity
of
enzyme

Determination of optimum pH and optimum temperature
pH Values
Optimum pH
Extracellular lipase assay was carried out under different pH
and different temperature conditions. According to the study the maximum enzyme activity was observed at pH 6.5
and 30˚C respectively( Table-1 and Fig 7). The lipase activity was found to stable up to pH-7.5 and enzyme
activity was drastically reduced at pH-8.0. The major cause for the drastic drop in the enzyme activity in alkaline pH
condition mainly due to the denaturation of enzyme protein.
pH values
5
5.5
6
6.5
7
7.5
8

Trial 1
Trial 2
Trial 3
Mean±S.D
0.27
0.28
0.25
0.26±0.01527
0.29
0.27
0.26
0.27±0.01527
0.213
0.2
0.19
0.20±0.0115
0.34
0.36
0.35
0.35±0.01
0.19
0.2
0.21
0.2±0.01
0.32
0.35
0.33
0.33±0.0152
0.057
0.03
0.04
0.0423±0.0136
Values are means of triplicate determination ± standard deviation of mean
Table-1: Effect of pH on enzyme activity
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Enzyme
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Fig 7: Effect of pH on enzyme activity
Optimum Temperature
The lipase assay was carried out at different temperature. The maximum lipase activity was observed at
temperature 30oC (Table-2 and Fig 8). Further increase in the temperature has drastically declined enzyme activity
due to thermal denaturation of enzyme.
This reported that the enzyme possessed maximum stability at 30˚C. Same effect could also be observed at higher
temperature & production of large amount of metabolic heat as the fermenting substrate temperature increases
thus inhibiting microbial growth and enzyme formation (Bhatti et al., 2007).
The results obtained are in accordance with previously report. According to which the optimum temperature
determined for lipase production from penicillium fellutanum using canola seed cake was reported as 30°C(Amin
et al., 2014) .
Table-2: Effect of Temperature on enzyme activity
values are means of triplicate determination ± standard deviation of mean

Enzume activity
(U\ml\min)

Temperature
0.4
0.2
0

temp
20 40 60 90
Temperature(˚C)

Temperature(˚C) Enzyme Activity (U/ml/min)-trial 1 Trial 2 Trial 3 Mean±S.D
20
30
37
40
45
50
60
70
80
90

0.1
0.26
0.13
0.066
0.066
0.13
0.06
0.06
0.05
0.03
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0.12
0.28
0.12
0.05
0.064
0.11
0.05
0.05
0.04
0.02

0.11
0.29
0.11
0.07
0.05
0.12
0.04
0.04
0.03
0.025

0.11±0.01
0.273±0.015
0.12±0.01
0.062±0.0105
0.06±0.008718
0.12±0.01
0.05±0.01
0.05±0.01
0.04±0.01
0.025±0.005
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Fig 8: Effect of Temperature on enzyme activity
Saturation level(%)

Enzyme activity(U/ml/min)

40

1.86

50

5.33

60

6.43

70

6.8

80

9.9

90

7.93
Table 3: Partial purification of extracellular lipase by ammonium sulphate precipitation

Partial Purification of Extracellular Lipase By Ammonium Sulphate Precipitation
The Quantity of ammonium sulphate (in grams) to be added to 1 litre of a solution at 20˚C. The activity of enzyme
at different saturation levels was obtained by lipase assay as tabulated (Table 3).
The enzyme activity was highest at 80% saturation level which indicated that the enzyme recovery was obtained at
80% ammonium sulphate saturation leaving behind some of the undesired and contaminant proteins. Among
different percentage of saturation highest lipase activity as 9.9U/ml/min at 80% saturation level (table 3)

Total protein
contet (mg\ml)

Protein Content Estimation by Lowry’s Method
The Protein standard curve was plotted by taking B.S.A as the standard protein (Lowry et al., 1951). The linear
graph was obtained for different concentration of BSA proteinas.
The protein content were compared between crude and partially purification enzyme. The crude enzymes contain
945.6mg\ml of protein and 80% ammonium sulphate saturated after dialysed sample contained 326mg\ml of
protein(fig 8). The crude enzymes contained high level of protein when compared to dialysed enzymes. The
reduction in the protein content is due to the effect of tannin and saponin contents which may also interfere with
the estimation and elimination of certain amount of non enzyme
protein during precipitation. The ammonium sulphate precipitation
PROTEIN CONTENT
process tends to lower the concentration of anti-nutrients in the
ESTIMATION
residue by precipitating only the required proteins. Thus, penicillium
1000
0
strain was reported to improve the nutritive value by reducing the
concentr
saponin and tannin contents of neem seed cake.
crude
ation
concentration (µg)

Fig 8: Estimation of protein content in crude and ammonim sulphate
precipitation
Effect of incubation time on immobilized enzymes
Lipase assay when carried out with immobilized enzyme beads(fig 18) with different incubation periods, 1hour
incubation resulted in exhibited maximum lipase activity when compared to incubation 2h and 4h incubation period.
Enzyme activity declined as the incubation time was increased (Table-4).
Table- 4: Effect of incubation time on immobilized enzymes
Samples

Enzyme Activity (U/ml/min)
Incubation Time Period (Hours)
1h

Pongamia Oil+Phosphate Buffer 0.533
Olive Oil+Phosphate Buffer
0.49
Olive Oil
0.4
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2h

4h

0.2
0.3
0.22

0.1
0.08
0.1
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From above results we could emphasise the effectiveness in use of pongamia oil as a substrate as it yielded high
enzyme activity during 1h incubation time period.hence pongamia oil was considered as substrate for further
transesterification studies, for effective production of biofuel.
SUMMARY AND CONCLUSION
The present study explores an agro- industrial residue (neem oil seed cake) which has the potential to produce
lipase in an economically feasible manner by a new promising fungal strain of Penicillium species. Fairly high
level of lipase activity 2.74U/ ml/min was achieved in 10 days time period of solid state fermentation at 30 °C when
supplemented the basal medium with 1 % olive oil . Olive oil supported good growth and increased lipase activity
significantly. So, olive oil was found to act as an inducer of lipase production for penicillium strain. This result
agreed with the knowledge in the literature in which lipase production has been shown to be induced remarkably in
the presence of lipidic carbon sources like oils, fatty acids etc. Lipase activity with optimized growth condition led to
enhancement in lipase biosynthesis with optimum pH as 6.5 at 30˚C. Further the stability studies revealed that
enzyme was highly stable at pH 6.5 and was fairly stable upto pH 7.5 thermally stable at temperature 30˚C .This
indicated the alkaline nature of lipase enzyme Also alkaline lipases acts as an ideal choice for application in
detergent.Later on immobilization studies employing lipase enzymes entrapped in calcium alginate beads with use
of pongamia oil as substrate resulted in high enzyme activity of 0.533U\ml\min, during the 1h incubation time
period. Based on these results, transesterification studies were carried out where in ,the obtained oil test samples
were evaluated for chemical properties such as iodine value, acid number and saponification value and the values
were compared with that of standards of methyl esters of pongamia oil & ASTM standards of biodiesel.The results
of chemical properties of these oil test samples were relative to that biofuel standards. This study revealed that
biofuel could be produced successfully from neem oil seed cake by
lipase enzyme catalyzed
transesterification.The syngeristic combination of parameters were found as 6:1 molar ratio of oil to methanol,60˚C
reaction temperature and 120 minutes of reaction time ,with the drastic reduction in viscosity of test
samples,relative to pongamia biodiesel From these results it can be concluded that neem seed cake ,can be
employed as a economical substrate for production of lipase enzyme which can as an efficient catalyst for
transesterification process,there by resulting in effective production of biofuel.
FUTURE WORK
Though ,in present work, lipase enzyme was successfully produced from neem oil seed cake using penicillium
strain ,still theactivity of the strain can be enhanced for lipase production by exploring strain improving
techniques, further proteomic approaches such as 2D gel electrophoresis ,native gel techniques can be integrated
for estimation of lipase enzyme’s purity and stability.however in case of transesterification process, several
parameters such as temperature, pH, reaction time ,molecular ratio of methanol to oil ,needs to be studied.In
addition ,studies should be carried out on analysis of physical,thermal properties of transesterified samples
,Further GC profiling can confirm production of methyl esters.The present study involving the pilot scale production
of biofuel by lipase enzyme catalysed transesterification can be extended to large scale ,for economical & feasible
production of biofuel,as an alternative to non renewable fuel.
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Introduction
Protein-rich feeds are one of the costliest feed ingredients in animal diets. Poor dietary supply of proteins results in
low rates of reproduction and production, as well as increased susceptibility of livestock to metabolic disorders and
infectious diseases. Animal nutritionists constantly seek cheaper, easily available, non-competitive (with human
food), unconventional agro-forestry and industrial co-products for feeding to ruminants.
Non-edible agro-industrial by-products, which are hitherto wasted otherwise despite rich nutritional value, can be
converted into wholesome animal feeds after evolving suitable processing technology which could be easily
adoptable by farmers as well as by the industry. One among them is Karanj (Pongamia glabra vent) cake which
has great potential in animal feeding.
Amino acid composition is very important in determining the protein quality of any cake. Values for 18 amino acids,
including essential amino acids, have been reported in Pongamia seed cake. It observed that the amino acid
composition of karanj cake was almost similar to that of sesame, groundnut cake and soybean meal. Further,
karanj cake was found to be rich in cystine. In comparison with SBM, karanj cake has higher calcium, phosphorus
and sodium; however, the concentrations of copper and iron are very low.
Karanj cake is not commonly used as a feed for livestock and poultry due to the harmful effects of
antinutritional/toxic factors present in the seed cake ( Natanam et al., 1989 ). The seed cake contains a number of
toxic and unpalatable components, including the furan flavones- karanjin and pongamol, and other polyphenolic
compounds and a unique amino acid glabrin. To overcome this undesirable characteristic, the toxic components
may be reduced by undergoing physical/chemical treatments.
Pongamia seed cake (the material that is left after pressing the oil) is exellent high protein feed for livestock. The
crude protein content of rotary-pressed karanj cake ranges from 6% to 24%, while it varies from 22.0% to 28.7% in
expeller-pressed karanj cake and 30.0% to 34.0% in solvent-extracted karanj cake.
Result and Discussion
The world has shifted sourcing protein for animal diets and oils for industrial raw material to oil seeds. Notable
among the oil seeds is Pongamia glabra Vent, from whom the seed has nutritional potential that compares
favorably to conventional oil seeds and protein source (soybean). The seed cake extracts of Pongamia contains
valuable energy source in the form of proteins, carbohydrates, soluble, non-soluble sugar. A major drawback for
poor utilization of Pongamia proteins in animal nutrition has been the presence of antinutritional factors and
particularly of alkaoids. However, a detoxification process by Soxhlet extraction using methanol protocol developed
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recently in our laboratory will pave the way for using Pongamia seed cake protein and protein isolates in livestock
nutrition.
In the present study, estimation and characterization these important protein in the seed extracts have been
carried out. The petroleum ether extraction protocol compared with other two methods involve high reproducibility,
good protein yield and high intensity bands make it a better protocol for extraction of seed cake proteins.
The SDS-PAGE was used to determine the molecular weight profile for isolated proteins. Protein bands of low
molecular weight (29-14.3kDa) predominated in all the samples, while high molecular weight band (66-43kDa)
appeared more prominent only in the GKVK sample.
The present study showed levels of essential amino acids for the P. glabra treated seed cakes were higher than
the WHO/FAO recommended standards with the exception of cysteine and tyrosine in which lower values were
obtained. The values of essential and non-essential aminoacids in Pongamia seed cake was compared with
soyabean and found to be nutritionally better.
The levels of essential amino acids except cysteine and methionine were comparable with that for the FAO
reference protein. The seed can thus be used as an alternative protein source in animal feed formulation after it
has been properly detoxified. If well processed, it would reduce competition between man and livestock for the
conventional sources of proteins. Thus, cultivation of this potentially rich plant is encouraged in order to reduce
over-dependence on the currently limited sources of protein and oil.
Benefits of research on Pongamia proteins and peptides would be in the area of nutrition and clinical diagnostics.
The information provided form a basis for
(a) using synthetic chemistry and genetic engineering approaches for chemical modification of the bioactive
molecules to modulate their activities and
(b) formulating strategies for using them in practical situations, benefitting human and animal health and making
agriculture efficient, sustainable, and environmentally friendly.
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Introduction:
Increasing demand and rapid depletion of fossils have together prompted the researches of many countries
to look for alternate renewable fuels. The world is confronted with the twin crises of fossil fuel depletion and
environmental degradation. The indiscriminate extraction and consumption of fossil fuels have led to a reduction in
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petroleum reserves. Petroleum based fuels are obtained from limited reserves. These finite reservesare highly
concentrated in certain region of the world. Therefore, those countries not having these resources are facing a
foreign exchange crisis, mainly due to the import of crude petroleum oil. Hence it is necessary to look for alternative
fuels, which can be produced from materials available within the country.
The biodiesel is defined as a “mono alkyl ester of long chain fatty acids derived from renewable lipid feed stocks”
such as vegetable oils/fats, for use in CI engines and produced by the Transesterification of triglycerides or free
fatty acid by an alcohols”.In the last few years interest and activity has grown up around the globe to find a
substitute of fossil fuel. According to Indian scenario the demand of petroleum product like diesel is increasing day
by day hence there is a need to find a solution.
The use of edible oil to produce Biodiesel in India is not feasible in view of big gap in demand and supply of such
oil. Under Indian condition only non-edible oil can be used as Biodiesel which are produced in appreciable quantity
and can be grown in large scale on non-cropped margin lands and waste lands. Non-edible oils like Jatropa,
Karanja, and Mahua contain 30% or more oil in their seed.
Methodology:
Sample collection and identification:
Algal samples such as spirogyra algae are collected from fresh water source (Kumadvathi river, Sudur) of
Shivamogga, Karnataka. This samples will be collected as the algal densities are expected to be higher in such
open water source. Water samples were also collected for laboratory analysis.
The spirogyra algal species are identified using compound microscope. By this observation we found out the
structure of spirogyra algae. It has helical or spiral arrangement of the chloroplasts that is diagnostic of the genus.
Spirogyra measures approximately 10 to 100ìm in width and may stretch centimeters long.
Materials Used For Extraction of Oil from Algae:
Dried and grinded spirogyra algae, Soxhlet apparatus, n – hexane and ether solvent, Round bottom flask,
Separating funnel
EXTRACTION OF ALGE:
SOXHLET EXTRACTION:
Algae were ground with motor and pestle as much as possible. The ground algae were dried for 20 min at 80°C in
a incubator for releasing water. About 60gms of grinded and dried algal sample was weighed. Ether and n-hexane
(75ml and 75ml) was added and extracted by using Soxhlet apparatus. The process is carried out for several hours
until the sufficient amount of algal oil is produced. The obtained algal oil is used for further process.
ALGAL OIL PERCENTAGE DETERMINATION:
The percentage of algal oil present in the spirogyra algae is calculated by using following formula
Weight of the Spirogyra algal oil
Percentage of algal oil =

x 100
Weight of spirogyra algae

DETERMINATION OF FREE FATTY ACID IN OIL:
Long chain aliphatic mono carboxylic acid obtained by the hydrolysis of oils/fats are called “FATTY ACIDS”.
If the FFA content in the oil is less than 4% single stage (alkali based) process has to be undertaken. If FFA
content in the oil is more than 4% double stage (acid +alkali based catalyst) process has to be undertaken.
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MATERIALS: NaOH, Conical flask, Phenolphthalein indicator, Burette, Oil
METHOD FOR DETERMINATION OF FFA OIL:
Prepare 0.1N NaOH solution. Take 10 ml of raw oil in a conical flask. Add few drops of indicator like
phenolphthalein to the conical flask. Titrate against 0.1N NaOH. Titrate and shake the conical flask mixing
uniformly until a faint pink colour is obtained. Take the burette reading.



And by using following formula, calculate FFA content in oil.
28.2 x(Normality of NaOH) x (Titrate value)
FFA content=
(Weight of oil)

RESULTS AND DISCUSSION:
DETERMINATION OF PERCENTAGE OF OIL:
The percentage of algal oil is calculated by mentioned formula. The measurement of dry algae, extracted oil and
percentage of spirogyra algal oil is as shown in below table.
Table 1: oil percentage found in spirogyra algae
Name of the algae

Dry wt. of algae

Extracted oil

Percentage of oil

Spirogyra algae

60g

13.34g

22.23%

The percentage of spirogyra algal oil is found to be 22.23%.
DERTERMATION OF FREE FATTYACID IN OIL:
Free fatty acid content of algal oil was calculated by mentioned formula. Results obtained are as shown in below
table.
Table 2 : free fatty acid content in spirogyra algae
Weight of algal oil

Volume consumed by NaOH

FFA in %

10g

4.9ml

1.38%

The FFA content in the selected oil is less than 4%, therefore single stage process has undertaken to produce
biodiesel.
CONCLUSION:
Algae are an economical choice for biodiesel production, because of its availability and low cost. Our results prove
that biodiesel can be produced from macroalgae. In this way algae can be used as renewable energy. Many
researchers reported that microalgae might better for higher biodiesel production. So our project results newly
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highlighted by producing biodiesel from macroalgae though it contains lowers lipid content. But due to the
cultivation problem we were not get algae in large scale. We extract the oil from algae using soxhelt method and
calculated the percentage of oil and free fatty acid in oil.
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Introduction
Plants and their products are known for their high therapeutic value since ancient era due to their high therapeutic
value and have been one of the major sources of bioactive compounds (Christaki et al., 2012). In recent years
large numbers of scientific studies have been carried out by evaluating both edible and non edible seeds, as these
seeds forms important component which develop into a whole plant which bear highly significant value
(Ogrodowska et al., 2014). Owing to which there has been tremendous interest on seed research. But majority of
scientific literatures on seed research is pertaining to edible seeds whereas non edible seeds are majorly reported
to trade their applications in the production of bio-fuels and scanty reports are available on the complete evaluation
of their secondary metabolites which can be promising area of interest for the scientific communities. These
secondary metabolites have potential biological activities such antimicrobial activity when compared to the other
plant based resources (Chhetri et al., 2008). Search for antimicrobial agents have been one of the major area of
concern in recent year due to the increase in incidence of drug resistance in pathogenic microorganisms towards
available antibiotics. Plant based antimicrobial metabolites have demonstrated significant activity against an array
of pathogenic microorganisms and majority of antimicrobial drugs available in the market are of plant origin
(Cowan, 1999).
Bioactive compound in plants are produced as a secondary metabolites which elicit pharmacological or toxological
effects in man and animals and several of them hold a prime importance function in living plants. For example,
flavonoids can protect against free radicals generated during photosynthesis. Terpenoids may attract pollinators or
seed dispersers, or inhibit competing plants. Alkaloids usually ward off herbivore animals or insect attacks
(phytoalexins) etc.
Objectives of the study:
1. Selection of plant seeds for extraction of secondary metabolites
2. Screening for antibacterial activity of seed extracts
3. Characterization of bioactive compounds
4. Identification of bioactive compounds
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Material and Methods:
Selection and processing of selected seeds
Different seeds are selected based on the availability and its importance in production of bio-fuel from different
regions of Karnataka. Selected seeds for the analysis were Garcinia indica and Chloroxylon swietenia. Seeds were
cleaned, dried and fine powdered using mixer blender individually.
Soxhlet extraction
The fine powdered seed samples were extracted with methanol as solvents using Soxhlet extraction process. Dried
seed sample of 40g was used for soxhlet extraction. Then, the obtained extracts were concentrated using a rotary
evaporator (Hahn-Shin, Korea) at 50 ºC to obtain crude extract. The crude extract obtained was preserved at 4 ºC
for further analysis.
Antibacterial activity
Bacterial strains
About nine bacterial cultures were selected for the present study and all the cultures were procured from the
Microbial Type Culture Collection Centre and Gene Bank, Chandigarh (MTCC). Three Gram positive bacteria,
Staphylococcus aureus (MTCC-7443), Staphylococcus epidermidis (MTCC-435) and Bacillus subtilis (MTCC-121)
and Gram negative Bacteria Pseudomonas aeruginosa (MTCC-7093), Enterobacter aerogenes (MTCC-111),
Escherichia coli (MTCC-40), Proteus mirabilis (MTCC-425), Shigella flexneri (MTCC-1457), Vibrio
parahaemolyticus (MTCC-451) were used for the study. The cultures were maintained in nutrient broth (NB) with
periodical sub-culturing before each assay at 37 ºC for 24 h
Disc diffusion method
The disc diffusion method was followed as reported previously by kiran.et al (2008). Briefly, the bacterial culture
were grown in NB media for 24 h at 37 ºC and culture inoculums approximately adjusted to 1.5X108 cfu/ml (using
McFarnald Unit). Then, the bacterial cultures were swabbed over pre-solidified Muller-Hinton (MH) agar media and
loaded with 30 µl of crude extract (1mg/disc). The disc with solvent (methanol) taken as negative control and
chloramphenicol (30 µg/disc) as positive control. Then the plates were kept at 4 ºC for 10 min and incubated at 37
ºC for 24 h. After incubation, the plates were observed for the presence of inhibition zone around the sample disc
and compared with positive and negative controls.
Minimum Inhibitory Concentration (MIC) by Microtiter plate
The minimum inhibitory concentrations (MIC) were followed as reported previously (Sarker et al., 2007). Briefly, the
crude extract obtained from soxholation was loaded into the 96 well microtiter plates with 10 µl two fold micro
dilution from 1mg/ml to 0.07 mg/ml. After that 170 µl of MH broth was added to all the wells and inoculated with 10
µl respective 24 h bacterial cultures (inoculums approximately adjusted to 1.5X108 cfu/ml using McFarnald Unit).
The chloramphenicol (30 µg/ml) was taken as positive control and MH broth without bacterial inoculums is taken as
negative control .The plates were incubated at 37 ºC for 24 h. After incubation, 10 µl of 2, 3, 5-triphenyltetrazolium-chloride (TTC, Himedia, Mumbai) was loaded with the concentration of 10 mg/ml in sterile water and
incubated for 30 minutes at 37 ºC. MIC is read as the lowest dilution that showed no evidence of without pink/red
colour change.
Isolation and characterization of secondary metabolites from crude extracts
The crude extract which is showing significant antimicrobial activity was subjected to purification using biomolecular techniques.
Thin layer chromatography (TLC)
Thin layer chromatography was followed as described previously (Cieœla and Waksmundzka-Hajnos, 2009) with
modifications. Briefly, the crude extract was resuspended with ethyl alcohol and centrifuged (Eppendroff, Germany)
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at 14000 rpm for 10 min. The supernatant was evaporated to concentrate the crude compound and dissolved to 1
mg/ml of extract. The mobile phase was optimized to get well separated crude extract with different combinations of
solvent mixtures. Then, the TLC plate (Merck, Bangalore) was loaded with 10 µg of crude extract containing 80%
alcohol as mobile phase and Rf value was calculated for each compound.
Ultra violet-Visible spectroscopy (UV-Visible)
The crude sample was dissolved in ethanol of the concentration 1 mg/ml and fraction from TLC was also dissolved
in ethanol to get 100 µg/ml. The spectrum of crude compound and each TLC fraction were obtained at UV-visible
range of 200 to 800 nm. Ethanol was taken as control for the analysis
Fourier Transform Infrared Spectroscopy (FTIR)
An FTIR spectrum has been done for crude sample and TLC fractions to known the presence of functional groups.
The sample dissolved in ethanol was loaded into FTIR and scanned to get well optimized spectra of each sample
ranging from 600 to 4000 cm-1. Ethanol was taken as control for the analysis.
Liquid Chromatography-Mass Spectroscopy (LC-MS)
LC-MS analysis was followed as described previously (Liu and Rochfort, 2014; Moco et al., 2006; Sawada and
Hirai, 2013) with modifications. The samples of crude extract and TLC fractions were loaded into HPLC system
connected with Waters 2996 PDA detector and set to acquire data every second from 240 to 600 nm with a
resolution of 4.8 nm, and subsequently to a Mass Spectrometer (Waters-Corporation, MS technologies). An ESI
source set with positive or negative ion mode for all MS analysis. Before each sample analysis, the mass
spectrometer was calibrated using phosphoric acid: acetonitrile: water (1:103:103, v/v) solution. Capillary voltage,
collision energy, and desolvation temperature calibration between m/z 80 and 1,500. Resolution was set at 10,000
and during calibration the MS parameters were adjusted to achieve such a resolution. TOF-MS data were acquired
during LC-MS analysis scan of 0.9 s and an interscan time of 0.1 s. For LC-MS measurements, 10 ìl of sample
was injected into the system and MS measurements were made with 0.40 s of scan duration and 0.10 s of
interscan delay with increasing collision energies.
Results
The seed extracts of Garcinia indica and Chloroxylon sweitenia (seed and rim) was obtained as reddish brown in
colour after soxhletion extraction and preserved at 4 ºC for further analysis.
3.1 Antimicrobial activity by Disc diffusion assay
The antibacterial activity of the crude extaract is carried out by disc diffusion method against nine different
pathogens. The methanol seed extract of Garcinia indica showed significant inhibition activity against Gram positive
bacteria, Staphylococcus aureus, Staphylococcus epidermidis and Bacillus subtilis and Gram negative Bacteria
Pseudomonas aeruginosa, Enterobacter aerogens, Escherichia coli, Proteus mirabilis, Shigella flexneri, Vibrio
parahaemolyticus (Table 1). But methanolic extract of seed and rim of Chloroxylon sweitenia did not showed
antibacterial activity against tested organisms. The results presented in Table 1 shows that the crude extract under
investigation exhibited significant antibacterial activity, as evidenced by their zones of inhibition for Garcinia indica
(Figure 1).
Table 1. Antibacterial activity of seed extract of Garcinia indica and C. sweitenia (seed and rim)
Zone of inhibition (mm)
Microorganisms
Staphylococcus aureus
Staphylococcus epidermidis
Bacillus subtilis

Garcinia indica
Methanol extract

Hexane extarct

10
8
12

-
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Chloroxylon Swietenia
Seeds extract Rim
extract
(methanol)
(methanol)
-

91

Pseudomonas aeruginosa
Enterobacter aerogens
Escherichia coli
Shigella flexneri
Vibrio parahaemolyticus

12
12
11
10
10

-.
-

-

-

Proteus mirabilis

12

-

-

-

Figure 2. Antibacterial activity of methanolic crude extract from
G. indica. A. Proteus mirabilis, B. Shigella flexneri, C. Vibrio
parahaemolyticus,

D.

Enterobacter

E.

aerogenes,

Staphylococcus epidermidis, F. Escherichia coli.

MIC by Micro broth dilution assay
The MIC assay was done using 96 well microtiter plates and showed in Table 2. The crude extract obtained from
Garcinia indica exhibited significant MIC value of 62.5µg/ml against Enteribacter aerogenes and Bacillus subtilis,
along with MIC value of 250 µg/ml for Vibrio parahaemolyticus, Staphylococcus aureus. Shigella flexneri, E. coli
and Proteus mirabilis and least potential were seen in the case of Pseudomonas aerogenosa with MIC value of 500
µg/ml (Table 2). The results suggest that significance of antibacterial activity with irrespective of Gram positive or
Gram negative bacteria.
Table 2. Minimum Inhibitory Concentration for seed extract of Garcinia indica
Microorganisms
Staphylococcus aureus
Staphylococcus epidermidis
Bacillus subtilis
Pseudomonas aeruginosa
Enterobacter aerogens
Shigella flexneri
Vibrio parahaemolyticus
Proteus mirabilis
Escherichia coli
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MIC (µg/ml)
250
125
62.5
500
62.5
250
250
250
250
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Thin layer chromatography
The crude extract was loaded into TLC pre-equilibrated with mobile phase showed single prominent band under
short UV range. The single band was separated from the silica and suspended in ethanol, used for further analysis.
Ultra violet-Visible spectroscopy (UV-Visible)

The TLC separated compound was subjected to UV-visible spectra from 200 to 800 nm and showed a single band
from TLC with maximum absorbance at 286 nm (Figure 3).

3.5 Fourier Transform Infrared Spectroscopy (FTIR)
The FTIR analysis of crude sample as well as TLC fraction was correlated with presence of same
functional groups. The spectra revealed that, the presence of Aromatic ring stretch (C=C-C, 1610-1580 cm-1),
Tertiary amine (C-N, 1210-1150 cm-1), Six member lactone ring (1738 cm-1), Dimethyl or ‘iso’ – (doublet, -CH3,
1370-1365 cm-1) and Methyl C-H asymmetry/symmetry stretch (2880-2860 cm-1) (Figure 4).

Figure 3. UV-Visible spectra of TLC fractionated bioactive
compound. Spectrum scanning range was selected from 200 to
800 nm and bioactive compound showed 286 nm of absorption
maxima.

Liquid Chromatography-Mass Spectroscopy (LC-MS)
TLC purified was loaded into HPLC equipped with mass spectrometry. Then, chromatogram showed the presence
of major peak with some negligible impurities and under negative mode TOF-MS an ionization pattern was
obtained based on m/z value for the major peak (Figure 5 and 6). Based splitting pattern, abundance of m/z value
and following previous interpretations (Desai and Dodiya, 2014; Gali et al., 2014) the bioactive molecule was
putatively predicted as Benzo-quinazoline derivative namely 1,3-bis(3-ethoxyphenyl)-9-methylbenzo-quinazoline
with molecular weight 435 (Figure 7).
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Figure 4. FTIR spectrum of TLC fractionated bioactive compound from G. indica.

Figure 5. HPLC chromatogram of TLC fractionated
bioactive compound from G. indica

Figure 6. Mass spectra showing splitting pattern, abundance and m/z value of bioactive compound from G. indica
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Figure 7. Putatively identified bioactive compound an Benzo-quinazoline derivative (1,3-bis(3-ethoxyphenyl)-9methylbenzo-quinazoline) from seed extract of G. indica.
Conclusion
Garcinol from Garcinia indica is well known for its medicinal property from fruit pulp and rind. The seeds of G.
indica are non-edible and oil is used in Ayurvedic preparations. The study reports presence of Benzo-quinazoline
derivative in methanolic seed extract with significant antibacterial activity against Gram negative and Gram positive
bacteria. Furthermore, study reveals the importance of non-edible seeds from G. indica in industrial and medicinal
uses.
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Background:
CO2 is the major contributor of green house effect and recognized as the most important of the atmospheric
pollutants. Physical and chemical methods of CO2 capturing are not feasible due to high cost and require more
energy. Utilizing photosynthetic organisms which use CO2 for their growth could reduce the build up of atmospheric
CO2. Among the attempts made to reduce the quantity of CO2 in the atmosphere, microalgae have been used to
sequestrate CO2 in various studies (Giordano et al., 2005; Kaplan and Reinhold, 1999; Badge et al., 1994).
Microalgae are photosynthetic microorganisms able to use the solar energy to combine water with carbon dioxide
to create biomass (Widjaja et al., 2009) and then into value added products. Utilization of concentrated CO2 source
such as flue gas to grow microalgae for biofuel production is a sound concept (Brune et al., 2009; Kumar et al.,
2011; Packer, 2009; Wang et al., 2008), but such applications face a series of technical challenges such as high
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cost of CO2 capture, high cost of CO2 compression for transportation, difficulty for temporarily storing CO2 during
night time, and CO2 loss into the atmosphere due to outgassing (Chi et al., 2011).
Under autotrophic conditions, carbon can be utilized in the form of CO2, carbonate or bicarbonate. Chlorella has
been reported to tolerate higher CO2 concentrations (Sung et al., 1999, Yue and Chen, 2005). To address these
problems, a process is proposed in which CO2 is captured as bicarbonate and used as carbon source for algae
culture. In the present study, different concentrations of sodium bicarbonate ( 0.25 g/L, 0.50 g /L and 1g/L
NaHCO3) were used to observe the effect on, specific growth rate, biomass productivity, chlorophyll content and
lipid production.

Objectives:
Microalgae's ability to transport bicarbonate into cells makes them well suited to capture carbon. Carbon dioxide
serves as nutrients for the algae and using algae for reducing the CO2 concentration in the atmosphere is known as
algae based carbon capture technology. Simultaneously the addition of bicarbonate increases the efficiency of lipid
accumulation in microalgal cells. This study was aimed to determine the carbon sequestration of microalgae
Chlorella species with the following objectives:
 Removal of CO2 using microalgae thereby reducing carbon foot prints.
 Enhanced lipid production through bicarbonate based carbon sequestration by microalgae.
Methodology:
Sample collection and identification:
Algal samples were collected from Bangalore Water Sewage and Supply Board (BWSSB), Bengaluru
(13°04’N, 77°58’E) and Chlorella vulgaris was identified with reference to the biology of algae (Round, 1973).
Growth under different concentration of sodium bicarbonate:
Analytical grade sodium bicarbonate was used as the source of bicarbonate in all experiments. Batch
cultures (100 ml) of C. vulgaris (BG 11 medium; n=3) were grown under different levels of bicarbonate
supplementation (0.25, 0.5 and 1g L−1) into early stationary growth phase (10-15 days), where samples were taken
for growth rate, biomass productivity, chlorophyll content and cellular lipids analyses.
Effect of NaHCO3 on microalgal biomass and lipid productivity
Biomass concentration (mg L-1) of C. vulgaris grown under different bicarbonate concentrations was
determined by measuring the optical density (OD680) using UV-Vis spectrophotometer (Xia et al., 2014)
Biomass concentration = 320 x OD680 (R2= 0.996) ...................... Eq. (1)
The biomass productivity (mg L-1d-1) was calculated according to Eq. (2)
Biomass productivity = (B2-B1) / T ....................... Eq. (2)
Where, B2 and B1 represents the dry weight biomass density at the time T (days) and at the start of the experiment,
respectively.
Specific growth rate
Specific growth rate (ì) of the microalgae was calculated (Guillard and Ryther, 1962) according to the following
formula.
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ln (Nt /N0 )
Tt -T0
Where, Nt and N0 are the total cells at the end (Tt) and start of log phase (T0), respectively.
µ=

Chlorophyll estimation
Chlorophyll a and b of microalgae was estimated according to Mackniney (1941) using UV-Vis spectrophotometer
at 650nm and 665nm and the total chlorophyll was determined using the Eq. (3)
Total chlorophyll = 2.55 × 10-2.E650 + 0.4 x10-2.E665mg/ml....................... Eq. (3)

Estimation of carbon content and carbon dioxide fixation rate
Carbon content of the microalgal extract was estimated using the following Eq.4 (Yun et al. 1997)
=

.

1−

....................... Eq. (4)

Where, a is carbon content, g is weight of algal sample, T and S are ferrous ammonium sulphate with blank and
sample (ml), respectively.
The amount of carbon dioxide fixation rate was estimated using the Eq. (5).
R

=C ∗ì

M
M

....................... Eq. (5)

Where, RCO2 and ìL are the CO2 fixation rate (g CO2 m-3 h-1) and the volumetric growth rate (g dry weight m-3 h-1),
respectively, CC is average carbon content (algal dry weight [g]). MCO2 and MC are the molecular weights of CO2
and elemental carbon, respectively.
7.4. Lipid estimation and analysis:
The lipids from the microalgae were extracted by transesterification process and the total lipid content was
estimated by spectrophotometric method. The lipid composition of the extract was analyzed by gas
chromatography mass spectrophotometry (GC-MS).
Results and Conclusion:
Specific growth rate was not significantly different within the concentrations of NaHCO3. It showed a similar trend in
growth rate with 1 g L-1 bicarbonate maintaining the highest specific growth rate (0.653 d-1) at the end of 15 days
culture period followed by 0.5 g L-1 (0.641 d-1)
Significant positive effect on the levels of chlorophyll content with an approximate doubling or more with the
addition of 1 g L-1 bicarbonate when compared to treatments received 0.25 g L-1 and 0.5 g L-1. At the same time,
both Chl a and b were significantly varied between lower concentrations of bicarbonate. The total chlorophyll
content increased in a dose dependent fashion with bicarbonate addition with maximum level recorded in 1 g L-1
(0.769 ± 0.09 g L-1).
At 1 g L-1 of sodium bicarbonate levels, biomass concentration was significantly higher (1.542 g L-1) which was
triple the amount obtained at 0.5 g L-1 bicarbonate addition (Fig-1). Lipid production from C. vulgaris was affected
by the concentration of bicarbonate. Cellular lipid concentration was determined and the total cellular lipid was
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significantly higher (p<0.05) in cultures supplemented with 1 g L-1 bicarbonate (16 mg ml-1) compared to cultures
with 0.5 and 0.25 g L-1 bicarbonate (14.3 ± 0.14 and 12.4 ± 0.21 mg ml-1).

1

NaHCO3 concentration (g L-1)
Biomass
Lipid

Fig-1:
1: Biomass and Cellular lipid production in C. vulgaris at different concentrations of NaHCO3
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Carbon content of the dried algal biomass was estimated and increasing carbon content enhanced the CO2 fixation.
Maximum carbon content of 0.497 g dw-1- in g L-1 sodium bicarbonate addition and CO2 fixation was 0.69 g ml-1 day-1.
Lowest level of CO2 fixation was observed in 0.25 g L-1 bicarbonate addition (Fig-2).

0
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Fig CO2 fixation rate in C. vulgaris
Fig-2:
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Scope for future work:
This study has the potential to aid industrial algal biofuel production with the use of sodium bicarbonate as an
alternative inorganic carbon source to trigger biomass and lipid production. From the results, it was clear that
bicarbonate addition had significant effects on pigment, biomass and lipid production in C. vulgaris isolated from
sewage treatment plant. Microalgae exposed to 1 g L-1 concentration of bicarbonate expressed three times higher
biomass concentration compared to other treatments. However, further study is required to estimate the complete
utilization of added bicarbonate by microalgae so that it will not have any impact on environmental toxicity. It was
observed that both biomass and lipid accumulation were positively influenced by the addition of bicarbonate which
further reveals its use as alternate Carbon source in large scale cultivation.
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2. Background:
Biofuel has received considerable attention in recent years, as it is a biodegradable, renewable and non-toxic fuel.
It contributes no net carbon dioxide or sulfur to the atmosphere and emits less gaseous pollutants than fossil fuel
(Antolin et al., 2002; Lang et al., 2001; Vicente et al., 2004). Oil based crops such as soybean and oil palm that are
currently being used to create biodiesel usually have an oil concentration of less than 5% of dry biomass (Chisti,
2008) whereas it is quite common for algae to have lipid concentrations ranging from 20-50% of dry mass (Chisti,
2007; Powell and Hill, 2009). The interest in the production of microalgae as biofuels is increasing due to their high
oil content, rapid biomass production and small foot print which is a promising alternative for oil production
(Hernandez et al., 2009).
Appropriate medium composition is of importance to achieve the best lipid production performance of microalgae
species (Yeh et al., 2012). Change in macronutrients in the environment will result in the change of cellular
macromolecular composition. The growth and lipid accumulation of microalgae are affected by nutrition
concentration of the growth medium (Richardson et al., 1969; Khozin-Goldberg and Cohen, 2006; Hu et al., 2008;
Li et al., 2010). To increase the economic feasibility of biodiesel production from microalgae, it is essential to select
microalgal strains that are capable of growing fast and accumulating large amount of lipids. With the aim of
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commercializing biodiesel production from algae, a substantial effort has been devoted to the development of
improved algal strains and more efficient cultivation process. Biomass concentration, increasing lipid content, and
overall lipid productivity hold the key for economic feasibility of algal oil for biodiesel production. Recent studies
have found that the biomass and lipid content of algae can be increased by changing cultivation conditions.
3. Objectives:
This study has utilized natural sunlight to cultivate microalgae as an effective and necessary way to reduce the
overall costs of biodiesel production from microalgae with the following objectives.
 To determine the effect of autotrophic and heterotrophic growth on biomass and lipid production in fresh
water microalgae.
 To find out the variations in fatty acid profile under varying culture conditions.
4. Methodology:
4.1. Sample collection and identification:
Water samples were collected from Hebbal lake, Bengaluru (13°04’N, 77°58’E) and Scenedesmus obliquus was
identified with reference to the biology of algae (Round, 1973).
4.2. Autotrophic and Heterotrophic culture:
The isolate was grown under autotrophic and heterotrophic conditions to determine the effect of culture conditions
on biomass and lipid productivity. For heterotrophic conditions, glucose and sodium nitrate were used as a carbon
and nitrogen source respectively. Glucose was used at 10, 20 and 30, 40 and 50 g L-1 and sodium nitrate was at a
concentration of 1.0, 1.5, 2.0, 2.5, 3.0 mg L-1.
4.3. Determination of biomass and lipid productivity
Biomass concentration (mg L-1) of C. vulgaris grown under different bicarbonate concentrations was determined by
measuring the optical density (OD680) using UV-Vis spectrophotometer (Xia et al., 2014)
Biomass concentration = 320 x OD680 (R2= 0.996) ...................... Eq. (1)
The biomass productivity (mg L-1d-1) was calculated according to Eq. (2)
Biomass productivity = (B2-B1) / T ....................... Eq. (2)
Where, B2 and B1 represents the dry weight biomass density at the time T (days) and at the start of the experiment,
respectively.
4.4. Specific growth rate
Specific growth rate (ì) of the microalgae was calculated (Guillard and Ryther, 1962) according to the following
formula.
ln (Nt /N0 )
µ=
Tt -T0
Where, Nt and N0 are the total cells at the end (Tt) and start of log phase (T0), respectively.
4.5. Chlorophyll estimation
Chlorophyll a and b of microalgae was estimated according to Mackniney (1941) using UV-Vis spectrophotometer
at 650nm and 665nm and the total chlorophyll was determined using the Eq. (3)
Total chlorophyll = 2.55 × 10-2.E650 + 0.4 x10-2.E665mg/ml....................... Eq. (3)
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4.4. Lipid estimation and analysis:
The lipids from the microalgae were extracted by transesterification process and the total lipid content was
estimated by spectrophotometric method. The lipid composition of the extract was analyzed by gas
chromatography mass spectrophotometry (GC-MS).
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5. Results and Conclusion:
Growth rate was enhanced significantly from initial concentration to 30 g L-1 and was subsequently reduced with
increasing concentrations of carbohydrates At 25 days of culturing period, increasing glucose concentration
resulted in significant specific growth rate. However increasing concentration above 30 g L-1 has reduced the
specific growth rate of microalgae. Biomass of Scenedesmus (Fig-1) was highest at 30 g L-1 which also resulted in
higher lipid accumulation (64.2%)
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Fig-1: Biomass and lipid productivity in S. obliquus under varying concentrations of glucose
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Presence of lower concentration of sodium nitrate resulted in lower specific growth rate whereas 2.5 mg L-1 of
sodium nitrate has significantly increased the specific growth rate. The biomass with 2.5 mg L-1 sodium nitrate was
significantly highest (14.64 g L-1) and the second was highest was observed in 2.0 mg L-1 (12.38 g L-1). But the
trend was different in lipid accumulation with 50% and 49.6% for 2.0 and 1.5 mg L-1 respectively (Fig-2).

3

NaNO3 concentration (mg L-1)

Fig-2: Biomass and lipid productivity in S. obliquus under varying concentrations of NaNO3
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Total Chlorophyll (g L-1)

Total chlorophyll content of S. obliquus grown under autotrophic and heterotrophic conditions is depicted in fig-3.
From the results obtained, it was found that 30 g L-1 glucose and 2.5 mg L-1 NaNO3 were optimum to get maximum
biomass and lipid production. Hence it was further experimented to compare with autotrophic conditions. The
results revealed that 22.1 g L-1 biomass and 64.2% lipid productivity was observed in heterotrophic condition where
as it was 12.8 g L-1 and 39.1 % for biomass and lipid production respectively Fig-4.
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Fig-3: Total chlorophyll content in S. obliquus under autotrophic and heterotrophic growth
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Fig-4: Comparison of biomass and lipid production in S. obliquus grown under autotrophic and
heterotrophic conditions (30 g L-1 glucose and 2.5 mg L-1 NaNO3)
6. Scope for future work:
The isolate Scenedesmus was grown under heterotrophic conditions and the results revealed the optimum
carbohydrate (glucose 30 g L-1), nitrogen (sodium nitrate 2.5 mg L-1) concentrations. Varying specific growth rate
was observed during culturing in which glucose and sodium nitrate were found as suitable carbon and nitrogen
sources with higher biomass and lipid production. In general, lipid production was directly proportional to biomass
concentration biomass production. By choosing heterotrophic conditions over autotrophic culture, it is possible to
increase both biomass and lipid production in microalgae. Changes in culture conditions divert the biosynthetic
metabolism to lipid synthesis, thus obtaining fats as the main constituent instead of proteins. Microalgae are the
promising source of biofuel due to their simple cellular structure, higher growth rate and lipid content than
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conventional vegetable oleaginous crops. Commercial success of algal-based biofuels depends on growth
characteristics and lipid metabolism of the production species. Optimizing the growth conditions for the
accumulation of specific fatty acids will improve the quality of biodiesel thereby reducing the labour and cost during
purification process.
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Introduction: It is used as a fuel additive and also as an important industrial ingredient, a base chemical for other organic
compounds, medical wipes and as an antibacterial, hand sanitizer gels, antiseptic etc.
Ethanol from biomass-based waste materials is considered as bio ethanol. Vehicles are run with petrol/diesel, causing
environmental pollution, to reduce the pollution bioethanol can be used as an alternative fuel
Objectives
The objective of the project is to produce bioethanol from different fruit wastes at a low cost and to determine the production
efficiency of bioethanol.
Methodology
Mass multiplication: by growing SY1 in malt agar media and allowing it for mass multiplication in 15% sugar solution for 8-10
days.
Different fruit wastes were collected from the market areas in Bangalore. Fruit wastes of Banana, Orange, Papaya, Grapes and
Chikoo were collected. Partially rotten and damaged fruits were selected
The substrate was prepared by washing it thoroughly with 5% KMno4 for 30 mins and autoclaved. TSS was determined using
Hand refractrometer. pH and temperature was maintained at 3-4 and 30-35oC respectively
For fermentation the substrate was transferred to cans by adding equal volumes of water. SY1 culture was added and allowed
for fermentation
Result and discussion
Better growth of Saccharomyces cerevisiae was observed in the agar slants after 48 hours. The cell count on final day was
3×109.
The results shows that maximum pH was observed in the substrate obtained from papaya (4.79) and minimum in grapes (3.93)
The maximum ethanol concentration was achieved with pH 4.5 followed by pH 4. The lowest achieved ethanol concentration
was at pH 3.5 indicating that it has lower enzyme activity at this pH.
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The result of this study has shown that how the deferent parameters affect the production of bio ethanol.
From this study, it is clear that the maximum yield of ethanol (chikoo) was obtained at pH 4.79, total soluble sugars; 11brix and
specific gravity 0.9851 which is appropriately close the constant value of ethanol.

FRUIT WASTES SAMPLES
Grapes
Banana
Orange
Papaya
Chikoo

OBTAINED %
10.0
10.0
4.0
7.0
11.0

Study by Janani et al (2013)
6.21
5.40
__
4.19
__

From this study we conclude that the process is cheaper and does not produce any toxic residues. This bio
ethanol production process can be used for small and large scale production because raw fruit waste can obtained
from fruit industries continuously and the bioethanol produced can be used as an additive with fuels with different
concentrations of the ethanol blends.
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INTRODUCTION
India ranks 6th in terms of consumption of energy, with stood at 3.5% of the total world’s commercial energy
production. The current consumption of diesel in India is about 44% of the total petroleum product consumption)
and is expected to reach 52.32 million tons by 2016-17 as the demand is growing at a rate 5.6% per annum.
Whereas domestic production of crude oil and natural gas will remain around 39.46 million tons to 43.87 million
tons during 2016-17. Hence there will be a huge gap between demand and supply which needs to be met through
increasing fuel imports or increasing production of biodiesel through developing biodiesel plantations without
sacrificing the food security of the country. Biodiesel is renewable energy resource generated from rehabilitation of
waste and degraded lands.
Bio-fuel is a fuel comprising of mono-alkyl esters of long chain fatty acids of vegetable oils or animal fats, which is
derived either from plant or animal. Use of bio-fuel requires very little or no modification of engine when blended
with diesel up to 20% (B20). Use of biofuel results in substantial reduction of un-burnt hydrocarbons by 30%, carbon
monoxide by 20% and particulate matters by 25%. It has almost no sulphur. Besides, it has nearly 10% in-built
oxygen, which facilitates combustion and also favorable Cetane number (51). The lower limit for the Cetane
number is 46 for good combustion.
This project aspires to contribute to the discussion regarding the development of non edible or bio-fuel production
plant in Karnataka. More specifically, operation cost, financial conditions and to see the working capital to focus on
establishing a long-term relationship business and downstream agribusiness (processors, exporters and retailers)
on the other. Also the provision of extension services such as finance, training, inputs, etc. enhance the
development and capabilities which can stimulate the development of sustainable market linkages. However, there
are high costs and risks associated with linking production of bio-fuel. Problems with regard to production costs and
volumes, poor access to information, etc., raise the transaction costs of working with a large number of small
farmers. In addition, the low production capacity of smallholders is an obstacle to achieve economies of scale.
The private sector needs to play an important role in achieving this goal. Non-edible oils extracted from tree seeds
are considered an important source of energy for the future. Among the species producing oilseeds, Jatropha
(Jatropha curcas) is the frontrunner as a species for commercial cultivation because of its several advantages over
others in this category. In the wake of the interest being generated about Jatropha, a large number of people have
entered the scene as stakeholders. Unfortunately, not many of them are well informed about its actual potential as
an oilseed bearer for biodiesel production. The current situation is one where overenthusiastic or unscrupulous
promoters are misleading a majority of the prospective Jatropha producers. Tall claims are being made of varieties
and vegetative planting material that start producing seed in the first year itself, and have the potential to eventually
yield 10 tons of Jatropha seed per ha annually. In reality, however, there does not appear to be a single plantation
in India that can substantiate such claims.
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Although there is much development taking place in the field of technology at the same time scientist are
developing innovation particularly the conservation of the fossil fuel and utilization of the renewable energy. Such
development has also seen in the bio-fuel also now these bio – fuel seeds are converting to usable one. But much
development has not been found as in the case of agriculture marketing. Still much development and research
need for the maximum utilization of these resources. Looking into these back ground one can think about the
following question to study the financial analysis, capital on investment, operational cost and management. Hence
this project proposal is an attempt to answer these following questions,
RESEARCH QUESTIONS:
RQ1: What is the status of the bio-fuel production in Karnataka?
RQ2: What is the production cost of and marketing cost of bio fuel seeds?
RQ3: How much cost incurred in procurement of bio fuel seeds?
RQ4: What is the economics of bio-fuel production?
OBJECTIVES OF THE STUDY
 To study the trend in production of bio fuel.
 To estimate the operational cost of bio-fuel.
 To analyze the financial status of the bio – fuel plant in Karnataka.
 To study the working capital in bio-fuel plant in Karnataka.
METHODOLOGY OF THE STUDY
Research technique: Descriptive research
Sample size: 10 bio-fuel industries in Karnataka.
Study area: Major bio fuel seeds producing belts of Karnataka; Chikmagalur, Tumkur, Kolar and Gadag districts.
Due to lack of time only 10 processor were interviewed from Kolar, Tumkur and Bangalore Rural (7, 2 and 1
respectively)
ANALYTICAL TOOLS AND TECHNIQUES
The statistical techniques which are used in the analysis are percentage analysis and ratio analysis was used to
study the financial performance of the biofuel plant.
LIMITATIONS OF THE STUDY
 Time was the major constraint in carrying out of this research since the funding agency has set the time
bound.
 Many of the industrialists are not co-operating and not willing to share the information.
 Only 10 industries are taken for the study.
 Lack of information regarding the industries in the statuary bodies is yet another constraint in the research.
 The research is limited to structured questionnaires.
DELIMITATIONS OF THE STUDY:
 Only non-edible seeds are taken to study the financial conditions of the biofuel plant.
 Seeds collectors information are also gathered for the future studies but is not used in this report.
 Large, medium and tiny and cottage industries are used to study the economic valuations.
RESULTS AND DISCUSSION
No doubt the importance of the biofuel in the present context is increasing due to exploitation of fossil fuel. We are
heading toward sustainable development with the use of renewable energy. This has created a room for the many
companies to enter this business. From the above it was found that north and Central America is the only region
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which is producing more Ethanol followed by the South America and European countries. On the other hand in the
Asia it was only 785.91 million gallons. Of these china is producing 541.55 million gallons of all grades. In India also
now a day effort has been initiated to produce bio-fuel and to make the popularize it.
Thus the production of the bio fuel has looking as the alternative for the fossil fuel in the world. In past 13 years the
production of biofuels is increasing with increasing rate. It was 314.6 Thousand Barrels in the year 2000-01 was
increased to 1901.3 Thousand Barrels in the year 2012-13 with the annual growth of 1.189352 productions and
consumption of the bio fuel with the annual growth of 1.204072. North America stood at first in the production and
consumption of the biofuel.
While in India biofuel production has increase considerably in past 13 years. However the production and
consumption was dipped in the year 2009 to 2011 this was basically because of bad weather condition has made
some of the crops like Jatropha curcas which had major setback for the low production f the biofuel with the CAGR
0.072886 production and consumption of CAGR 0.063574.
However, in Karnataka common biofuel seed are Pongamia, Neem and Mahua. In Karnataka Gadag stood first in
the production of non-edible oil seeds with 6644178 tons followed by Tumkur and Bijapur with the production of
6369091 tons and 5605797 tons respectively.
The Gross profit ratio is 3.5 times in case of small scale industries and it is 23.27 times in case of medium scale
industries, where the possibility of making profit is more in case of medium scale industry when compared to the
small scale industry. The Net profit ratio of small scale industry is 3.38 times and it is 22.40 times in case of small
scale industries, the percentage of getting huge profit is possible in case of medium scale industries by extraction
of bio-fuel. Return on investment (ROI) is 19.05 times in case of small scale industries and it is 17.87 times in case
of medium scale industries.
It was found that processor will get out put in the ratio of 1:2 that means of total returns of which one part of returns
are from main product (oil) while two part of returns from byproduct. Hence the total returns would be an average of
Rs. 3, 29,448 with an average production cost of
Rs. 5, 91,128 hence the processor will incur lose of
an average of Rs. 2, 61,680. Thus, this industries is not having good performance when comes to the total returns
and the total sales.
Estimated Average Production cost of oil extraction from Pongima Karnataka
SL NO
Particulars
Quantity Rate Amount
Total cost of production (per month)
1
Pongima Seeds (kgs)
11075
30 332250
2
Transportation (per kg)
11075
2
22150
3
Electricity
3250
4
Manpower
6800
5
Production unit building (rent)
2900
6
Repairs and maintenance
410
Income from byproducts (per month)
7
Seed cake (kgs)
9307
24 223368
Net production (per month)
8
Total cost of fuel production
1768
367760
9
Profits from Byproducts
9307
24 223368
Total
591128
Source: primary data 2015,
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From the above tables one can infer that the average production cost of biofuel oil in the study area was found to
be Rs. 36, 7,760 to produce 1768 lts of oil. Of which Pongima and hippe are the major raw material that are used to
extract the oil.
Overall in production cost procurement of seeds itself is a major part of the production cost from the above analysis
it was found that an average of 90.34 per cent of the production cost is incurred by purchasing the seeds. Other
major part of production cost was found to be transportation cost because many of the processors are procuring
seeds from outside the state like UP, TN and AP. An average of 6.02 per cent of the production costs are incurred
on transportation charges.
While, manpower which constitutes to third highest in production cost which accounts to 1.85 per cent, followed by
electricity with 0.88 per cent and building rent with 0.79 per cent. While in the study area the maintenance cost
seems to very less as in all the above industries was found to be only 0.11 per cent.
Thus, the suggestion in this study would be there should be government intervention in the matter of financial
conditions of the processors. Further, there is a high potential in producing the biofuel from these small and tiny
processor provided if the department is going to give the proper training to these processors. During the interview
with these processor most of these processor are willing to start up to extract the biofuel from Pongima, Hippe and
Neem if the government gives the support for them. Hence, it highly suggested for the Karnataka State Council for
Science and Technology and Karnataka State Biofuel Development Board to identify such processor and
encourage them to process biofuel so that the trend of sustainable development toward the protection of fossil fuel
and highly recommended to venture all the possibilities of using biofuel to all wake of life.
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INTRODUCTION
This is a critical element of cultivation. The bio-fuel seeds are harvested as needed for many purpose. For oil
purpose the seeds are harvested at maturity. Majority of bio-fuel seeds that turns yellow are harvested along with
brown matured bio-fuel seeds. The picking of green fruits should be avoided. The pods are collected manually and
seeds are separated mechanically or manually. The seeds for planting purposes are dried in shed while for the oil
purpose it should be dried in sun (6-10% moisture level) before packing. The mature bio-fuel seeds should be
accepted at the collection centers, to have collections with high oil content. Due to lack of post harvest
management the quality of the crop will deteriorate. The quality of seed determines the refining process.
Bio-fuel seeds are easy to collect as they are ready to be plucked after rainy season and as the plants are not very
tall. Seedlings produce flowers usually takes 9 months after sowing. However, plants established through cuttings,
produce flowers from 6th month onwards. Wherever Jatropha is cultivated under irrigated condition, the flowering
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occurs throughout the year. Economic yield starts from 3rd year end. Fruits are mature during September-October
and harvested. Fruits are generally picked manually.
Management practices particularly pruning practices helps to maintain the plant within the reach of the seed
collector. After harvesting the fruits, shell of the fruits are decorticated and seeds are cleaned. Generally cleaning of
seeds should be done manually to remove the unwanted material like husk, dust, litter, dead and decayed organic
matter, soil etc and fresh seeds are dried in shade properly. After drying, seeds are graded in order to obtain quality
seeds. This can be achieved by sorting out the undersize, deformed and diseased seeds. The seeds are separated
either manually or mechanically. Seeds are dried under sunlight for four days until the moisture is brought to 6-10%
before oil extraction. Quality seeds should be properly stored after grading in cool dry place. Packaging should be
in gunny bags and if possible bags should be kept on wooden surface, away from wall with proper stacking, should
be used within six months for raising nursery and plantation programme.
Over the period of time the importance of these seeds were gained momentum as the scientist have should the
usability of such seeds as substitute for the fossil fuel. However, such seeds are already used for the purpose of
biofuel by the rural people for the lighting of the lamp at their houses. But even today this is not brought to the
commercial purpose. Thus, there is a need for the development. But much development has not been found as in
the case of agriculture marketing. Still much development and research need for the maximum utilization of these
resources. Looking into these back ground one can think about the following question to study the marketing
activities, marketing cost, and importantly post harvesting. Hence this report has an attempt answer these following
questions.
RESEARCH QUESTIONS
RQ1: What is the status of the bio-fuel seed production in Karnataka?
RQ2: Who are involved in the collection activities of the bio fuel seed in Karnataka?
RQ3: How these collectors will storage?
OBJECTIVES OF THE STUDY
 To study the trends in production of Bio fuel seeds in Karnataka.
 To assess the status of post-harvest infrastructure for bio fuel seeds in the state.
 To examine the arrival pattern of bio fuel seeds in to regulated markets.

METHODOLOGY OF THE STUDY
Research technique: Descriptive research 50 seed collectors were interviewed with structured questionnaires
from two major producing districts of seeds namely Kolar and Tumkur. The collected samples were subjected to
analysis after the tabulation and percentage analysis were carried out of the same.
LIMITATION OF THE STUDY
 Time was the big constraint in carrying out of this research since the funding agency has set the time
bound.
 Only 50 seeds collectors were interviewed are taken for the study.
 Lack of information regarding the post harvest pattern and statuary bodies is yet another constraint in the
research.
 The research is limited to structured questionnaires.

RESULTS AND DISCUSSION
Sustainable development the concept which was introduce because of growing demand and of crude oil and
shrinking of crude oil reserves has resulted in increase in the petroleum price. More over this shrinking of the crude
oil reserves has become a big concern about the global climate changes and energy security. Thus the production
of the bio fuel has looking as the alternative for the fossil fuel in the world. In past 13 years the production of
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biofuels is increasing with increasing rate. It was 314.6 Thousand Barrels in the year 2000-01 was increased to
1901.3 Thousand Barrels in the year 2012-13 with the annual growth of 1.189352 productions and consumption of
the bio fuel with the annual growth of 1.204072. North America stood at first in the production and consumption of
the biofuel.
While in India biofuel production has increase considerably in past 13 years. However the production and
consumption was dipped in the year 2009 to 2011 this was basically because of bad weather condition has made
some of the crops like Jatropha curcaswhich had major setback for the low production f the biofuel with the CAGR
0.072886 production and consumption of CAGR 0.063574.
However, in Karnataka common biofuel seed are Pongamia, Neem and Mahua. In Karnataka Gadag stood first in
the production of non-edible oil seeds with 6644178 tons followed by Tumkur and Bijapur with the production of
6369091 tons and 5605797 tons respectively.
While on the arrival side of the biofuel seeds coming to regulated markets there is an much fluctuating in some of
the biofuel seeds. According to data it was found that Market arrival and price of Castor seeds to regulated markets
are depicted for 6 years which clearly indicates that the flow of castor seeds to the market in Karnataka is having
fluctuating and the supply has been declining year by year it was recorded about 13, 867 qtls where arrived to
regulated market with the maximum price of Rs. 2,234 per quintals and minimum of Rs. 2,147 per quintals with the
modal price of Rs. 2,201 per quintals in the year 2009-10. Though the price of the commodity has increase but the
total arrival of castor seed has decreased to 3,120 quintals in the year 2014-15 with the annual growth rate of –
0.2579.
Other seeds in case of honge seeds the annual compound growth rate was found to be 0.95 per cent in the year
2014-15 arrival of the seeds to regulated market was 5,027 quintals with maximum price of Rs. 2,400 and minimum
of Rs. 2,240 with modal price of Rs. 2,327. For hippe seeds CAGR was found to be 0.75% for past 6 years in the
year 2014-15 it was 323 quintal which was arrived to the market when compared to 2009-10 with 834 there is
decline in the arrival of the seeds even in the case of price over the period of time the price was increased to 2
times like it was Rs. 555 (minimum) Rs. 575 (maximum) and Rs. 566 as modal price in the year 2009-10 was
increased to Rs. 1,666 (minimum) Rs. 2,036 (maximum) and Rs. 1,883 as modal price in the year 2014-15
While other seeds like Neem which is having high demand for medicinal purpose which shows an increasing trend
in arrival as it was found in the year 2009-10 the arrival was only 10,330 quintals was increased to 38,560 quintals
in 2014-15 with compound annual growth rate of 1.27 per cent but in case of price there in no much changes in the
market as it was recorded Rs. 1,211 (minimum) Rs. 1,507 (maximum) and Rs. 1,441 as modal price in the year
2009-10 was increased to Rs. 1,635 (minimum) Rs. 1,832 (maximum) and Rs. 1,757 as modal price in the year
2014-15. In case of Niger seeds which was seen much variation as in the year 2011-12 the arrival was 7,974
quintals while it was 176 quintal in 2009-10 and 609 quintal in 2014-15 thus, the annual growth rate for Niger seeds
arrival to regulated markets was found to be 1.132 per cent. On the price side it was as usual in the increasing
trend without and fluctuation with linear increase. In was Rs. 2,987 (minimum) Rs. 3,132 (maximum) and Rs. 3,045
as modal price in the year 2009-10 was increased to Rs. 4,082 (minimum) Rs. 4,415 (maximum) and Rs. 4,315 as
modal price in the year 2014-15.
The main objective of this research is the see the post harvest pattern, of course the seeds are not highly
perishable as of fruits and vegetables but even then it is subjected to post harvest losses. According to study it was
clear that overall 20-25 per cent is wasted during the process of marketing of seeds from the collection center to
marketing of the final product that is oil. The post harvest losses starts at the collection point as the collector will
beat the tree to loosen the seeds from the tree, where many of the seeds will get damaged and even some of the
seeds are got wastage, from the study it was found that such waste is about 5-7 per cent.
However, the next process is to remove the seeds from the cover usually this process will be done by beating the
seeds during this many seeds will get damaged and such seeds will be not used for oil extraction this amounts to
10-15 per cent. Once the seeds are brought to the processing unit it is subjected to cleaning and non-scientific
grading will take place at the processing unit 6-7 per cent of produce are removed as immature seeds. Even small
percentage of wastages was also seen while storage of seeds usually the seeds are stored in gunny bag and if it in
large quantity it will be spread in the open space according to study such losses was amounts to 2 – 3 per cent.
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Thus, it is clear that the collector and the processor need to take care of such losses as it is well know that of 10
kg’s of seeds will yield 2.5 liters of oil. From the study it show that an average of 2-3 kg’s of seeds are damaged
and not used for the oil extraction thus the total yield will not be optimize hence, it is the suggestion that such
losses should be avoided. To overcome this some of the statutory body has to take care and educate the collector
and processor to overcome this post harvest losses. From the study it was also found that lack of government
involvement to safeguard the collector and the processor by providing the certain initiatives both technically and
financially.
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Introduction : In India, the potential of the non-edible oil seeds for the biodiesel production is significant.
However, there is not any proper procedure method, for the collection of seeds and extraction of the oils from the
non-edible seeds which leads to waste of these oil seeds. Hence, in this work, we have carried out a study to find
the suitable supply chain management for the collection of oil seeds from villages to the oil extraction units in
Karnataka state, as it will be difficult to suggest a common model for all the states due to changes in the state
policies. The supply chain management is the management of a network of interconnected businesses involved
in the ultimate provision of product and service packages required by end customers.
The involvement of women self-help group in the seed collection will improve the rural employment and rural
economy. Also, the intervention of information and communication technologies in the seed collection will play a
key role in our model. We hope that our proposed supply chain model for the seed collection will be a better model
for the Karnataka state.
Objectives of the present work are as follows
1.
2.
3.
4.

To find out the availability of the non-edible seeds
To find out the method of collecting of the seeds
To find out the method of handling of the seeds
To provide a link between the end user and the farmer

Methodology
The methods and methodology are selected such that the objectives can be fulfilled.
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Availability of the non-edible seeds
The availability of the non-edible oil seeds in Karnataka state was analysed based on the literature. Also, the
reports of the state and central government agencies were analysed to find the availability of the non-edible oil
seeds. This data will be used to create a matrix which gives the seasonal seeds availability in a year.
Method of collecting the oil seeds
The availability of the non-edible oil seeds in Karnataka state was analysed based on the literature. Also, the local
demand of the state agencies and utilisation or local demand were analysed to give a suitable method for collecting
the oil seeds.
Method of storing the oil seeds
A proper seed handling method has to be developed, as the properties of the seeds will be affected during storage.
The method of seed storage is based on the characteristics of the oil seeds. Based on the seed characteristics, a
suitable seed collection mechanism will be suggested at the village level.
Development of supply chain model
A suitable supply chain model will be developed for the collection and handling of the oil seeds in Karnataka state.
1. Results and Conclusions (about 20 lines with specific reference to work carried out)
The supply chain model which is proposed in this work is shown in the figure. The non-edible oil seeds collected at
the local area can be sold to the seed collection center or biofuel information and demonstration centers and lead
NGOs of Karnataka state biofuel development board (KSBDB). The KSBDB has 100 kg capacity oil extraction unit
and biodiesel production facilities. Also they have suitable facilities / contact with industries for the distribution and
sale of the biodiesel and the by-products of the biodiesel production process.

Supply chain model
The detailed oil seed collection model is shown in the figure 6.2. In recent years, government of India forms
encourages the formation of the women self-help group (WSHG) in villages. Also, it helps the WSHG by
providing soft loans and helping them to market their products through government agencies. The members of
the WSHG can collect the non-edible oil seeds through their network as it increases the family income and also
rural employment. The seed collection center, can contact the WSHG by sms or village AV facilities. Also, local
radio service / FM Channel may be utilized by the local government administration to inform the rural population
to collect the seeds during sessional time and inform them to sell the oil seeds to the WSHG.
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Scope for future work
The following recommendations and interventions are forwarded that are relevant to improve the seed supply and
marketing systems for sustainable farmers based production in this model.
Developing farmers’ access to inputs (backward) and market (forward) for success and sustainability of seed
system. Seed and farmers forum can play role in exchanging crucial information for the backward and forward
linkage. The seed forum can be held twice per year and all the stakeholders including farmers’ representative meet
to discuss on the emerging issues and update information. The farmers’ forum meeting can also be held three
times a year to exchange information and discuss on their critical issues and share it with the actors on the seed
forum meeting. Generally, this will strengthen the linkage and partnership among the actors and contribute to the
smooth and effective functioning of the system.
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