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Abstract

For determining the fatty acid characteristics and biodiesel quality of Ethiopian Jatropha provenances, the
study was conducted in five regions namely Southern Nation Nationalities Peoples Regional State (SNNPRS),
Ambhara region, Tigria region, Oromia region and Benishangul Gumuz Regions, where physic nut is found
abundantly. For each region, representative sampling sites were selected following thorough discussion with head
of Mines and Energy at zonal level. During representative sample site selection, one knowledgeable and
responsible expert was assigned from the zonal mines and energy office for making the site selection more perfect
and easier and thereby to collect representative data from each region. Following this arrestment, a total of 23
Zones, 36 Weredas and 40 sampling sites were considered from five regions of the country for the study. It was
observed that the identified constituents of the Jatropha oils are linoleic acid, stearic acid, palmetic acid and oleic
acid. From the identified fatty acids, oleic acid was the major constituent followed by stearic acid. The constituents
of the fatty acids ranged from 42.8-51.4% for oleic acid, 10.9-19.3% for stearic acid, 10.62-15.91% for palmetic acid
and 21.73-25.43% for linoleic acid. The biodiesel quality characteristics of Ethiopian Jatropha seeds were found
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within the limits of American standard (D874) and European standard (EN 14214 standard). Hence, it can be
concluded that the seeds of the existing Ethiopian Jatropha population can be used for the production and

processing of environmentally friendly biodiesel.

© 2016 Published by CASRP publishing company Ltd. UK. Selection and/or peer-review under responsibility of
Center of Advanced Scientific Research and Publications Ltd. UK.
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1. Introduction

Ethiopia has proved the close relation that exists between low level of energy consumption and under-
development by registering low per capita energy consumption (Girma, 2000). Most of the people have, until now,
been unable to satisfy their household energy requirements with modern energy sources (kerosene, electricity,
gas) (Ministry of Mines and Energy, 2007). About 95 per cent of the total energy consumption in Ethiopia is
composed of traditional biomass fuels, with only 5 per cent coming from modern energy sources (FAO, 1995). The
traditional biomass energy mainly depend primarily on the surrounding forestland, consequently, the country’s
forest resources have been disappearing at an alarming rate.

On the other side, Ethiopia imports its entire petroleum fuel requirement and the demand for petroleum fuel
is increasing rapidly due to a growing economy and expanding infrastructure. According to a report by National
Bank of Ethiopia (NBE, 2008), the annual consumption of petroleum fuels amounts to more than 1.1 million tones,
which is equivalent to 5.4 % of total final energy consumption spending 8 billion Birr or 87% of the foreign earning
(Ministry of Energy and Mines, 2007). Currently, the annual consumption of petroleum fuels amounts to more
than 2.298 million metric tons spending 2.193 billion USD. The expense was observed having a present increase
value of around 35.04% in the year 2013/2014 when compared with the year 2008. Hence, devising appropriate
mechanism for the development of energy sector in Ethiopia could solve a number of interrelated basic problems
of the country such as economic, environment and social problems. To contribute in reducing the expenses billed
for importation of fossil oil, Ethiopia has put in place biofuel development and utilization strategy to systematically
lead the production, utilization and commercialization of the renewable resources since 2007. In addition public
biofuel forum composing 12-14 institutions is setup under the guidance and follow up of Ministry of Water and
Energy for proper follow up and encouragement of the research and development endeavors of different
institutions concerning biofuel in general and biodiesel in particular.

A number of options for production of biodiesel as an alternative source have been considered in many
countries. Biodiesel is being looked at as an important alternative fuel in the overall energy security world over.
Since the oil crisis of the 1970s and recognition of the limitations of world oil resources, biodiesel has received
special attention (Heller, 1996). Biodiesel is a renewable liquid fuel that can be produced locally, thus helping
reduce the countries dependence on imported oil. It is also desirable to help mitigate the effects of climate
change. It is non-toxic rather it is environmentally friendly as it reduces emissions of carbon monoxide (CO) by
approximately 50%, sulfur dioxide by 100%, 40-60% soot emission and carbon dioxide by 78%, 10-50%
hydrocarbons and 5-10% nitrous oxide depending on the engine tuning and age lifecycle basis (Sheehan, 1998). It
also can reduce particulate emissions by around 50%, compared with fossil-source diesel (Beer et al., 2004).
Because of benefit it’s the global production of biodiesel reached 3 billion litters in 2004 (Wilkins, 2006). According
to (Barbara, 2007) biodiesel (i) reduce global warming gas emissions, (ii) reduce tailpipe emissions, including air
toxics, (iii) nontoxic (iv) biodegradable, and suitable for sensitive environments. Since it allow large scale plantation
it halt desertification. In addition to its ecological benefit biodiesel have many economic and social advantages. It
can reduce foreign currency allocated to buy or import fossil fuel. Thus, this country could save money that would
be spend to import and transport over 16 billion liters of gasoline and this money can be used to build
infrastructure. At the same time job, opportunities had been created for millions of people. It most likely seems
fossil fuels will continue to take the line share in the energy scenario of the country in the next few decades as
well. However, Ethiopia is endowed with abundant renewable energy resources; including the most important
biodiesel crops like physic nut.
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Considering all the options available among non-edible tree bearing oil seeds, seeds of physic nut has been
identified as the most suitable seed (Biswas et al., 2006) of biodiesel. Physic nut belongs to the genus Jathropha
that comprises about 175 species of succulent shrubs and trees from the family Euphorbiaceae. Physic nut is native
to Africa, North America and Caribbean regions. It assumed that originating from Caribbean and spread as a
valuable hedge plant to Africa and Asia by Portuguese traders (Heller, 1996). Physic nut is adapted to a wide range
of climates and soils. It can grow almost on any type of soil whether gravelly, sandy or saline and thrives even on
the poorest stony soils and crevices. It is drought resistant perennial shrub or small tree living up to 50 years.
Physic nut has capability to grow on marginal and it has ability to reclaim problematic lands and restore eroded
areas. It is known to aid the plants grown under condition where phosphate is limiting, as has mycorrhizal
association (Jones and Miller, 1992).

Physic nut grows in various parts of Ethiopia, as a hedge around homesteads and farmlands, such as in
Wolayita, Metekel, Southern Wollo, Northern and Eastern Shoa, Tigrai, Gamo Gofa zones and Gambella region
(Getinet et al., 2009). This suggests that physic nut can be cultivated either as large-scale plantations on marginal
areas, as small-scale hedges, or intercropped to assist rural livelihoods. Although physic nut already exists in many
places of Ethiopia; its economic importance is far from being realized due to absence of proper evaluation and
promotion of the existing local physic nut provenances for their oil content, oil yield and oil quality for biodiesel
utilization. There are different reports indicating the existence of performance variation in oil content and quality
due to growing environment and genotype variation was reported for physicnut (Kaushik et al., 2007; Heller, 1996;
Ginwal et al., 2004; Thongbai et al., 2006; Benge, 2006). Adaptability testing for varietal development, silvicultural
and propagation techniques are being under way in Ethiopian Institute of Agricultural Research at Melkassa and
Wondo Genet Agricultural Research Centers. Likewise, variability evaluation using13 physic nut provenances are
also initiated by Debrebrhan Agricultural Research Center. Omarsherif (2010) has also reported the existence of
variation in oil content and quality for provenances of physic nut growing in Bati wereda. However, the study does
not compare the content and quality of the oil with other provenances for biodiesel utilization. This clearly
indicates that the existing physic nut providences were not properly evaluated for their oil content and quality for
biodiesel utilization under their growing ecologies. As a result, field experience and documented information with
regard to variation in oil contents and yield, quality of the oil for biodiesel utilization about the local population of
physic nut providences growing under different ecologies of Ethiopia is very limited.

Therefore, the effort made so far cannot be said sufficient in providing necessary information about the
available physic nut provenances grown in Ethiopia. Consequently the knowledge on oil content and quality of
Ethiopian physic nut provenances is limited. This lack of information is a major hindrance to exploit the wealth of
physic nut population in Ethiopia. Still recently, no variety has been released in the country for the production of
biodiesel. This clearly indicates, the current knowledge about its silviculture, variety development and biology are
neither complete nor conclusive and, hence, many aspects of physic nut provenances are unknown under their
growing condition in the country. Therefore, the available provenances of physic nut grown in different ecologies
of Ethiopia needs to be properly evaluated, and their attributes have to be known to the breeders, farmers, traders
and biodiesel processors. Furthermore, the value of the available physic nut resources will depend greatly upon
the information available on each provenance growing in Ethiopia. Therefore, the primary objective of this activity
is to evaluate the existing physic nut populations of Ethiopia for their fatty acid and biodiesel characteristics for
biodiesel production and utilization.

2. Materials and methods

2.1. Brief description Ethiopia

Ethiopia is geographically located in the eastern Africa within the tropics between 3 degrees and 15 degrees
of north latitude and between 33 degrees and 48 degrees of east longitude. It has common borders with Kenya,
Sudan, South Sudan Republic, Somalia, Eritrea and Djibouti (Figure 1). There is great variation in altitude ranging
from about 116 meters below sea level to 4620 meters above sea level (IBC, 2007; EPA, 1998). The country has an
undulating topography providing ample opportunity to satisfy bio-based development interests.
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Fig. 1. Geographical location of Ethiopia.

The mean annual temperature of the country is 22.2°C. The lowest temperature ranges from 4°C to 15°C in
the highlands, and the highest mean temperature is 31°C in the lowlands at the Denakil Depression (Awulachew et
al., 2007). The country receives mean annual rainfall of 812.4 mm, with a minimum of 91 mm and a maximum of
2,122 mm. Relief variability and the resulting climatic characteristics make the country home to a wide range of
plant, animal and microbial diversity. Consequently, the country is regarded as a centre of endemism (IBC, 2007;
Vivero et al., 2010).

2.2. Study areas and sampling sites

The study was conducted in five regions namely Southern Nation Nationalities Peoples Regional State
(SNNPRS), Amhara region, Tigria region, Oromia region and Benishangul Gumuz Regions, where physic nut is found
abundantly (Table 1). For each region, representative sampling sites were selected following thorough discussion
with head of Mines and Energy at zonal level. During representative sample site selection, one knowledgeable and
responsible expert was assigned from the zonal mines and energy office for making the site selection more perfect
and easier and thereby to collect representative data from each region. Following this arrestment, a total of 23
Zones, 36 Weredas and 40 sampling sites were considered from five regions of the country for the study.

Table 1
Representative physic nut study sites of the country selected for the study.

Study sites selected from potential physic nut growing areas of the country for the study

No " -
Regions Zones Weredas Study sites
1 SNNPRS 4 9 12
2 Oromia 9 11 11
3 Tigray 8 8 8
4 Amhara 1 5 6
5 Benishangul Gumuze 1 3 5
Total 5 23 36 40

A total of 40 study and sample collection sites were identified from the five regions of the country for
collecting sufficient Jatropha composite seed samples for this particular study. As physic nut is found as a hedge,
semi-cultivated or domesticated, sampling and analysis will be done based on the assumption that any given hedge
from a single household will have high degree of similarity. Likewise, physic nut trees in a given live fences or
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hedge will be considered as they are from a clone of the same ancestors by taking assumption that physic nut is
propagated vegetative without any special technique.

About 30-40 kg seeds were collected randomly from representative plants (healthy, not too young or too old)
from each study sites (figure 2) in order to have sufficient seeds for oil content, oil quality and biodiesel
production.

N »

Fig. 2. Pictures taken during field data collection.

2.3. Oil production for biodiesel quality analysis

Soxhlet extraction apparatus (Model EAM 9204, MTOPS) was employed according to PORIM Test Method
(1995). The seeds were separated For extraction of straight vegetable oil, 10-15 kg of seeds taken from individual
sample plots (composite seed samples of individual trees considered in the sample plots) was used (Figure 3). The
seeds were crushed in presser mortar. Then the crushed seeds were weighted in tumble and put in Soxhlet
apparatus (Figure 4). The Soxhlet apparatus was placed over a heating mantle and the oil was extracted for 4-6
hours with the help of hexane solvent (Horowitz, 1984). The oil was concentrated by removing the hexane by using
distillation method in a Clevenger type apparatus according to Guenther (1972). The characterization of fatty acids
in the oil will be analyzed on a Gas Chromatography (GC) instrument according to the procedures given by Daniel
et al. (2009).

Condenser

Thimble

Soxhlet apparatus

Round-bottom flask

Fig. 3. Composite Jatropha seeds.

Heating mantle
Fig. 4. Soxhlet extraction apparatus.
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2.4. Field data analysis

As all the samples were collected on individual testing sites, all the data presentations were made on mean
basis. To statistically analyze the association among different seed characteristics and oil content were done
following person correlation coefficients using SAS PROC GLM (2002).

2.5. Trans-esterification process

The trans-esterification process is the reaction of a tri-glyceride (fat/oil) with an alcohol to form esters and
glycerol. Transesterification (also called alcoholysis) is the action of one alcohol displacing another from an ester
(i.e. the transformation of the large, branched, triglyceride molecules of bio-oils and fats into smaller, straight-
chain molecules, similar in size to components of diesel fuel) (Quick, 1989), in which lipids react with an alcohol to
form monoalkyl esters and a byproduct, glycerol (Freedman et al., 1984; Cardone et al., 2003). The main factors
affecting transesterification are the amount of alcohol and catalyst, reaction temperature, pressure and time and
the contents of free fatty acid (FFAs) and water in oils (Demirbas, 2003).The alcohol reacts with the fatty acids to
form the mono-alkyl ester or bio-diesel and crude glycerol (Peterson et al., 1991). From the extracted oil in the
above procedure a molar ratio of 6:1 (crude oil: methanole) was mixed. Sodium hydroxide (0.5% NaOH by weight)
base was added to the mixture and heated at close to the boiling point of methanol, 60 to 70°C at atmospheric
pressure. The reaction mixture was stirred for 90 min (Foidl et al., 1996). Then the mixture was allowed to settle
for 24 hours. After settling for twenty four hours, two distinct layers were formed. The upper layer is the biodiesel
and the lower (denser) layer is the glycerin (Figure 5). The bio-diesel and glycerin was separated with glycerin
simply drawn off from the bottom of the settling vessel. Finally, biodiesel was purified (Figure 6) by washing gently
with warm water to remove residual catalyst or soap, dried and tested for its quality at Ethiopia Petroleum
Enterprise.

Fig. 6. Jatropha biodiesel after trans-easterification

Fig. 5. Unpurified glycerin. process.

2.6. Biodiesel quality analysis

For determining the biodiesel quality of Jatropha oil, the straight vegetable oil vas changed to biodiesel. For
doing this the measured volume of pure vegetable oil was warmed up to about 40°C in a beaker. 0.35% (w/v) of
finely ground anhydrous KOH/NaOH was added into 20% (v/v) pure (99% or higher purity) methanol or ethanol in
Erlenmeyer flask containing a magnetic stir bar. The flask was put on a magnetic stir plate, and stirred vigorously
until all of the KOH/NaOH is dissolved. When all of the KOH/NaOH is dissolved, the oil was poured into the alcoxide
solution while continually stirring, for 15-30 minutes on high. The contents of the flask was transferred into a
separatory funnel, and was then allowed to cool and neutralized with the stoichiometric amount of concentrated
hydrochloric acid (35% w/w). Then, the products were separated into two different layers. The glycerol fall to the
bottom, and the methyl ester (Biodiesel) float to the top. It was allowed to sit for about an hour. After clear
separation was observed, the stopcock of the separatory funnel was opened and allowed the glycerol to drain into
a small beaker. The Biodiesel was left as a clear solution, the excess methanol was distilled and finally the Biodiesel
was washed three times with hot water to remove the soluble catalyst and soap. Following these steps, different
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parameters were measured for determining the biodiesel quality of Jatropha. The measured properties of
biodiesel included: Specific gravity, Kinematic viscosity at 40°C, Cetane number, Distillation°C, Cloud point °C, Flash
point, Total acidity, Copper strip corrosion 3Hrs @100 °C, Conradson carbon residue on 100% of sample, ASTM
color, Water and Sediment (% V) and Ash content (mass%).

2.6.1. Specific gravity

The specific gravity of a substance is a comparison of its density to that of water (1g/cm’). The ASTM D1298
test method was employed to determine the specific gravity of Jatropha biodiesel. A hydrometer was used to
measure the specific gravity of Jatropha biodiesel. The graduated cylinder was filled with Jatropha biodiesel and
the hydrometer was dropped into the biodiesel. Then the specific gravity was measured from the point at which
the hygrometer floats. The readings were taken at temperatures between 15 and 20°C.

2.6.2. Kinematic viscosity

Viscosity data of pure fatty esters can be used for predicting the viscosity of the mixture of fatty esters
comprising biodiesel (Allen et al., 1999). Kinematic viscosity values were determined with Cannon-Fenske
viscometers (Figure 7) at 40 °c following the standard method ASTM D445 (Knothe and Steidley, 2005). Cannon-
Fenske glass capillary Viscometer Tube was used in a SETA KV-8 viscometer bath and the sample was kept in the
bath for 30 minutes to reach the equilibrium temperature of 40 °C. The time (t) was measured for a fixed volume
of liquid to flow under gravity through the capillary of a calibrated viscometer and at a closely controlled and
known temperature.

----- o

AT

Fig. 7. Cannon-Fenske glass capillary Viscometer
annaratiis

2.6.3. Cetane number

Cetane number is a measure of the readiness of a fuel to auto-ignite when injected into a diesel engine. It
relates to the delay between when fuel is injected into the cylinder and when ignition occurs. Higher cetane
numbers indicate shorter times between injection of the fuel and its ignition. Higher cetane numbers have been
associated with reduced engine roughness and with lower starting temperatures for engines. Good ignition from a
high cetane number assists in easy starting, starting at low temperature, low ignition pressures, and smooth
operation with lower knocking characteristics. Low cetane fuel with poor ignition qualities causes misfiring, tarnish
on pistons, engine deposits, rough operation and higher knocking (thus noise level). Cetane Number is usually
measured according to the procedure given by National Fuel Quality Standards (2004) using the test method D976.

L=

=

= e
. @&w _

Fig. 8. distillation apparatus for petroleurﬁ products.
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2.6.4. Distillation

The standard procedure for measuring the boiling point range for diesel fuels is the distillation test. The
simple distillation apparatus was used for this test (Figure 8). And a batch distillation process was conducted on a
sample of the fuel and boiling point data were collected. These data include the initial boiling point (IBP), the final
boiling point (FBP), and the boiling temperatures corresponding to increments of the volume of fuel distilled.
Finally each recorded temperatures were corrected to 760 mmHg pressure by applying the correction factor-
equation (2) (ASTM D 1250-80, 1980).

Cc =0.00012 (760-P)(273+tc) (eq.2)

Where, tc = The observed temperature reading, °C
Cc = Corrections to be added algebraically to the observed temperature readings.
P = Barometric pressure, prevailing at the time and location of the test, mmHg.
Then, Corrected temperature (°C) = tc + Cc

2.6.5. Cloud point

Cloud point and pour point determinations are also useful information for blending purposes. The cloud point
is the temperature at which a cloud of wax crystals first appears in a fuel sample that is cooled. The cloud point will
be determined through visual inspection of a haze when become visible as the fuel is cooled. It is an index of the
lowest temperature of the fuel’s usability for certain applications. Operating at temperatures below the cloud
point of a biodiesel fuel can result in fuel filter clogging due to the wax crystals. For measuring cloud point, the
Peltier device was used (Figure 9) according to the procedures described in ASTM D2500. , the cloud point was
determined by visually inspecting for a haze in the normally clear fuel, while the fuel was cooled under carefully
controlled conditions. The sample was continuously monitored and the temperature (°C) that corresponds to the
first formation of a cloud in the fuel was recorded.

Fig. 9. Peltier apparatus.

2.6.6. Flash point

Flash point is a measure of the lowest temperature at which application of the flame causes the vapor above
the sample to ignite, i.e., it is a measure of the tendency of a sample to form a flammable mixture with air (Van
Gerpen et al., 2004). Flash point is used in safety regulations to define “flammable” and “combustible” materials.
Higher values indicate materials that are less likely to ignite accidentally. ASTM D 974 and ASTM D 93 require a
minimum of 52°C for diesel and 130 °C for Biodiesel (Kinast, 2003). The Pensky-Martens Closed Cup Tester was
used (figure 10) as per the procedures of ASTM D93. The cup was filled with fuel (about 75 ml up to mark) and
heated with an external heater. The agitator ensures that the fuel temperature is uniform. A small open flame was
maintained from an external supply of natural gas. Periodically, the stirrer was stopped and the flame is pivoted
down to an opening in the top of the cup to see if the fuel vapor ignites. Just when the flash point has been
reached, there was a small flash, and this temperature was recorded as observed temperature and corrected to
760 mmHg pressure by applying the correction factor (eq.3).

Corrected FP = T (°C) + 0.033(760-P) (eq.3)
Where, T = Observed Flash Point Temperature (°C)

P = Ambient pressure (mmHg)
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Fig. 10. Pensky martens closed cup flash point tester.

2.6.7. Determination of Total acidity, mg KOH/g

The total acidity was determined following the procedures of ASTM D974. Standard alcoholic KOH solution
(0.1M) was prepared by dissolving 6g of solid KOH to 1L of anhydrous isopropyl alcohol (anhydrous-0.9% water) in
a 2L Erlenmeyer flask and boiled for 15 min, while stirring. 2g of Ba (OH), was added and again boiled for 10 min,
cooled to room temperature, stood for 2 hs and filtered. The indicator p-Naphtholbenzein was used. A weighed
quantity of the sample (about 1 g) was added into an appropriate size Erlenmeyer flask; 100 mL of titration solvent
and 0.5 mL of the indicator solution was added and swirled until the sample was entirely dissolved by the solvent.
Then titration was conducted at a temperature below 30°C, adding 0.1 KOH solutions in increment and mixed to
disperse the KOH. As the end point approached the orange color changed green to green- brown and continued
until it persisted for 15 min. Blank titration was performed on 100 mL of the titration solvent and 0.5 mL of the
indicator solution, adding 0.1 mL increments of the 0.1 M KOH solution. The KOH solution was standardized
frequently to detect molarity change of 0.0005. The volume of 0.1M KOH (VA), for the sample titration, and
volume for the blank (Vg were noted. Then:

The total acidity (Acid number- AN (mgKOH/g)) was calculated using (Eq. 4)

AN = (VA—Vg) x N x56.1 (eq.4)
W,
Where, Wo = sample weight,

V,a= Volume of KOH used for the sample (mL),
V= Volume of KOH used for the blank (mL),
N= Concentration of KOH used (Molar),

2.6.8. Copper strip corrosion 3Hrs @100 °C

The biodiesel quality property Copper strip corrosion 3Hrs @100 °C was determined according to the
procedures of ASTM D130.

2.6.9. Conradson carbon residue on 100% of sample

The Conradson carbon residue biodiesel quality property on 100% of sample was determined according to
the procedures of ASTM D189.

2.6.10. ASTM color

The ASTM color of a Jatropha biodiesel quality parameter was determined following the procedures given
under ASTM D1500.
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2.6.11. Water and Sediment

Water and Sediment (%V) content of the Jatropha biodiesel quality parameter was estimated following the
procedures given under ASTM D2709.

2.6.12. Ash content

The ash content (mass %) of the Jatropha biodiesel was estimated following the standard procedures given
under ASTM D482.

3. Results and discussion

3.1. Fatty acid characteristics of Jatropha

It was observed that the identified constituents of the Jatropha oils are linoleic acid, stearic acid, palmetic
acid and oleic acid. In agreement with the present result, Akbar et al (2009) also reported that the major fatty acids
in Jatropha seed oil were the oleic, linoleic, palmitic and the stearic fatty acid. From the identified fatty acids, oleic
acid was the major constituent followed by linoleic acid. In support of the present result, Akbar et al (2009) and
Nzikou et al (2009) also reported that the Jatropha curcas oil can be classified in the oleic-linoleic acid group for
the reason of oil richness in oleic and linoleic acid constituents.

The constituents of the fatty acids ranged from 42.8-51.4% for oleic acid, 10.9-19.3% for stearic acid, 10.62-
15.91% for palmetic acid and 21.73-25.43% for linoleic acid. The values obtained for the Ethiopian Jatropha
provenances are within the ranges of different reports. Mesfin (2008) also identified that linoleic acid; stearic acid,
palmetic acid, oleic acid and arachideic acid are the constituents of jatropha oil; however, the identified dominant
fatty acid in J. curcas was observed to be linoleic acid (47.1+0.58 %), in contrast to our findings that oleic acid is
dominant.

In different reports, the content of oleic acid is higher than the linoleic acid content in Jatropha (table 2). The
results obtained in the present study are in agreement with those of the literature Akintayo et al. (2004) Kpoviessi
et al. (2004) and Augustus et al., (2002).

The fuel properties of Biodiesel are influenced at large by the amounts of each fatty acid composition and the
alcohol moieties in the feedstock used to produce the esters among which the largest fractions of fatty acids for
each of the biodiesel is a potential indication of the rest of the properties (Kinast, 2003; Van Gerpen et al., 2004).
Likewise, Mittelbach and Remschmidt (2004) also reported that chain length and number of double bonds
important factors that determines the physical characteristics of both fatty acids and triglycerides. From the results
obtained in the present study, it is possible to conclude that there exists little variation in chemical composition of
Jatropha seeds obtained from different geographical origins. Taking into account these results, Ethiopian Jatropha
provenances can be cultivated for the production of oil of technical interest.

Table 2
Fatty acid profile of Ethiopian Jatropha oil compared with different Jatropha oils obtained from different countries.
Sty
:)aken frorr’n Mesfin (2008) in Akbar et al and Nzikou et al Berchmans and
Fatty acid Jatrooha Bati wereda, (2009) in Adedire (2009) in kong Hirata (2008) in
growri’ng Ethiopia Malysia (2006) in Grazavil Indonesia
Ethiopia Nigeria
Palmitic acid 10.62-15.91% 11.234£0.46% 14.2% 11.3% 16.07 £ 1.53% 14.1-15.3%
Stearic acid 10.9-19.3% 17+0.12% 7% 17% 6.03 +0.18% 3.7-9.8%
Oleic acid 42.8-51.4% 12.3+0.66% 44.7% 12.8% 41.39 £ 0.38% 34.3-45.8%
Linoleic acid 21.73-25.43% 47.1+0.58 % 32.8% 47.3% 35.61+0.12% 29.0-44.2%
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3.2. Biodiesel quality analysis

The biodiesel quality of Ethiopian Jatropha provenances are summarized in table 3. The biodiesel
characteristics of each Jatropha provenances collected from potential Jatropha growing areas of Ethiopia are
analized properly. A total of 12 biodiesel quality parameters were analyzed in Ethiopian petroleum enterprise
laboratory. The details of each biodiesel quality parameters are summarized hereunder.

3.2.1. Specific gravity

The specific gravity of the different Jatropha provenances of Ethiopia ranged from 0.8821-0.8888 g/ml at 15
°c and from 0.8408-0.8856 g/ml at 20 °c (table 3). The respective average value of specific gravity of Ethiopian
Jatropha provenances are 0.8851 and 0.8802, respectively. According to European standard (EN 14214 standard),
the average specific gravity of biodiesel was reported to be 0.8600 g/ml. The average value obtained from the
current study indicates that the Ethiopian Jatropha populations have higher specific gravity compared with the
required European standard i.e the Ethiopian Jatropha populations have higher energy content. A comparable
value of specific gravity (0.8842 g/ml) was reported for Jatropha oil (Makkar and Becker, 2009). The specific gravity
of most vegetables oils range between 0.860-0.900 and oils that are denser contain more energy per liter (EN
14214) (EN, 2003). Generally, the density of oil decreases with molecular weight, yet increase with unsaturation
level (Gunstone, 2004).

3.2.2. Kinematic viscosity

The average kinematic viscosity of Ethiopian Jatropha populations was 4.89 mm?’/second at 40 °c and ranged
from 4.45-6.38 mm®/second at 40 °c (table 3). According to the European standard (EN 14214 standard) the
viscosity of the biodiesel should lie between 3.5-5.0 mm?*/second 40 °c. Most of the samples demonstrated a
kinematic viscosity values within the recommended standard ranges; however, some of the samples have higher
kinematic viscosity values which may be due to storage effect. The samples were stored for more than one and
half year before analysis. Viscosity increased with molecular weight but decreased with increasing unsaturated
level and temperature (Nouredini et al., 1992). The viscosity of Jatropha oil seed must be reduced for biodiesel
application since the kinematic viscosity of biodiesel were very low compared to vegetable oils. High viscosity of
the Jatropha oil seed are not suitable if its use directly as engine fuel, often results in operational problems such as
carbon deposits, oil ring sticking and thickening and gelling of lubricating oil. Different methods such as preheating,
blending, ultrasonically assisted methanol transesterification and supercritical methanol transesterification are
being used to reduce the viscosity and make them suitable for engine applications (Pramanik, 2003; Banapurmath,
2008).

3.2.3. Cetane number

The overall average cetane number of Ethiopian Jatropha populations was found 46.71 and ranged from
45.72-47.33. According to the Ethiopian petroleum enterprise, the cetane index of biodiesel should be more than
47. It was also reported that fuels with low cetane numbers will result in difficult starting, noise and exhaust
smoke. In general, diesel engines will operate better on fuels with cetane numbers greater than or equal to 47
(ASTM D 613). The values obtained in the present study are within the limits of the required range. Cetane number
indicates the interval between the beginning of injection and auto-ignition of the fuel. On the other hand, it was
reported that the cetane number is the primary specification measurement used to match fuels and engines (Van
Gerpen et al., 2004). Likewise, Azam et al. (2005) reported that the higher the cetane number, the shorter the
delay interval and the greater its combustibility (fuel ignition will be smoother and more complete, improving
combustion and reducing emissions from unburned fuel

3.2.4. The distillation characteristics

Batch distillation process was conducted on a sample of the fuel and boiling point data were collected. These
data include the initial boiling point (IBP), the final boiling point (FBP), and the boiling temperatures corresponding
to increments of the volume of fuel distilled (table 3). The initial boiling points (IBP) of 325.73, 332.1, 333.167,
350.03 and 358.4°C were recorded. While the respective distillation values showed 10, 40, 50, 90 and 95 %
recovery, the final boiling point (FBP) ranges of 347.5 to 370.5 °C were recorded. According to US ASTM D6751, the
boiling temperature at 95% recovery should not exceed 360 °C. The present study also demonstrated an average
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boiling temperature at 95% recovery was found 358.39 °C. This indicates that, the Ethiopian Jatropha biodiesel
have lower concentrations of coke and unburned Biodiesel. Hence, the quality of the Ethiopian Jatropha is suitable
for the production and processing of biodiesel on the basis of its distillation characteristics.

3.2.5. Cloud Point

The cloud point of the Ethiopian Jatropha biodiesel demonstrated an average value of 7.29 °C and ranged
from 1-14 °C. Cloud point determinations are also useful information for blending purposes. From the current
study, the average lowest temperature for using the Jatropha biodiesel is 7.29 °C. The cloud point is the
temperature at which a cloud of wax crystals first appears in a fuel sample that is cooled. Cloud point is not
specified on both American and European standards. It is determined by local climate such that, it should be below
the monthly tenth percentile minimum ambient temperature for the region (ASTM, 2002). Hence, the utilization of
Jatropha biodiesel depends up on the temperature at with the diesels usability for a certain applications.

3.2.6. Flash point

The overall average flash point value of the Ethiopian Jatropha population biodiesel was 110 °C and ranged
from 27-170 °C. The minimum flash point of biodiesel is 101 °C according to EN 14214 and 120 °C according to US
ASTM D6751. Majority of the samples demonstrated higher values of flash point within the range of US ASTM and
European standards indicating these biodiesels are non-inflamable and safer for handling. Higher values indicate
materials that are less likely to ignite accidentally. On the other hand, few samples demonstrated a flash point
value of lower than the two standard values, which is happened due to the presence of residual methanol,
implying that improper washing of biodiesel results risk of fire even below room temperature. Is a measure of the
lowest temperature at which application of the flame causes the vapor above the sample to ignite, i.e., it is a
measure of the tendency of a sample to form a flammable mixture with air (Van Gerpen et al., 2004). Flash point is
used in safety regulations to define “flammable” and “combustible” materials.

3.2.7. Acid value

The overall average acid value of the Ethiopian Jatropha population’s biodiesel was 0.148 mg KOH/g. It
ranged from 0.0165 to 0.32 mgKOH/g. The maximum acid no of biodiesel is 0.8 mg KOH/g (according to ASTM) and
0.5 mgKOH/g (according to EN) standards. The acid value obtained for Ethiopian Jatropha populations biodiesel is
within the specification limits of international standards and is recommended to be used for biodiesel production.

3.2.8. Copper corrosion

The copper corrosion for 3 hrs at 100 °C of Ethiopian Jatropha population biodiesel was 1a (table 10). The
maximum value of copper strip corrosion for 3 hrs at 100 °C is 3 (ASTM) and 1 (according to European standard).
The result obtained in the present study indicates that the values obtained are within the acceptable limits of the
international standards and allows the utilization of the Ethiopian Jatropha populations for biodiesel production.

3.2.9. Carbon residue

The carbon residue of Ethiopian Jatropha population’s biodiesel was 0.1125 (table 3). It ranged from 0.029 to
0.33. According to ASTM standard (D4530), the maximum carbon residue value of a biodiesel is 0.5. The value
obtained in the present study is within the limits of American standards and provides evidence that the Ethiopian
Jatropha populations can be utilized for the production of biodiesel.

3.2.10. ASTM color

All the samples demonstrated ASTM color value of 0.5. This is within the acceptable range of American
standard that states the ASTM color value should not exceed more than 3. Hence, the existing Jatropha
populations of Ethiopia have got the desired biodiesel ASTM color values and can be exploited for the production
of biodiesel.

3.2.11. Water and Sediment

The water content of the biodiesel samples obtained from the seeds of Ethiopian Jatropha populations were
demonstrated an average value of 0.125 mg/g. The values ranged from 0.1-0.15 mg/g. The tolerable amount of
water content of a biodiesel was up to 0.3 mg/g (According to American Standard) and 0.5 mg/g (according to EN
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14214 standard). The values obtained for biodiesel product obtained from the seeds of Ethiopian Jatropha
populations are within the ranges of the international limits and hence it is possible to use the existing populations

of Jatropha for the production of biodiesel in Ethiopia.

3.2.12. Ash content

The overall average ash content of the biodiesel obtained from the different Jatropha seed samples obtained
from Ethiopia was found 0.012 g/100g and it ranged from 0.001-0.028 g/100g. The maximum values of ash content
in biodiesel was limited to 0.01 g/100g (according to the American standard D874) and 0.02 (according to EN
14214 standard). From the result, it can be concluded that the ash content values obtained for biodiesel samples
of Ethiopian Jatropha population seeds were within the standard limits and it is possible to use the existing

resources of Jatropha for the production of environmentally friendly biodiesel.

Table 3
Biodiesel Quality of Ethiopian Jatropha populations compared with European and American Standards.
. . us
o ' Test Limits Obtained values'for Etl"IIO,?Ian EN 14214 ASTM
No Biodiesel quality parameters Method Jatropha populations biodiesel D6751
ASTM 6751-11b° Min. Max. Average
1 Density @ 15°C,g/ml D 1298 Report 0'8182 0.8888 0.8851 0.860-0.900 -
. o 0.840
2 Density @ 20°C,g/ml D 1298 Report 3 0.8856 0.8802 - -
3 Distillation
IBP,°C D 86 - 66 304 186.70
10% volume, recovered, °C D 86 - 302 333.5 325.73
40% volume, recovered, °C D 86 - 327.5 335 332.10
50% volume, recovered, °C D 86 - 327.5 335.5 333.17
90% volume, recovered, °C D 86 Max.360 337.5 358 350.03
95% volume, recovered, °C D 86 - 347.5 368.5 358.39 No standard  max360
FBP, °C D 86 Max. 390 347.5 370.5 360.29
4 Flash Point (PMCC), °C D93 Min. 93 27 170 110.00 >101 min 120
Copper strip corrosion 3Hrs
5 @100°C D130 Max No. 3 1a 1a la Max 3 1
6 Cloud point, °c D2500 Report 1 14 7.29 No standard No
standard
. . . . 0 .
7 Kinematic viscosity at40°C, )/ Min. 1.9 4.45 6.38 4.99 3.5-5.0 1.9-6.0
mm°/sec Max. 6
Conradson carbon residue Max 0.5
8 on 100% of sample D189 (D4530) 0.029 0.33 0.11 - 0.5
9 ASTM color D1500 Max. 3 0.5 0.5 0.50 - Max 3
10 Cetane number D976 Min. 47.0 45,72 47.33 46.72 min 51 min 47
11 Water and Sediment, % V D2709 Max. 0.03 0.1 0.15 0.1250 - Max 0.5
Max 0.5 0.016
12 Total acidity, mg KOH/g D974 ax 0.32 0.1479 max0.5  maxO0.8
(D664) 5
13 Ash content, mass% D482 M(?DXS'%()H 0.001 0.028 0.0121 max 0.01 max 0.02

4. Conclusion

It was observed that the identified constituents of the Jatropha oils are linoleic acid, stearic acid, palmetic
acid and oleic acid. From the identified fatty acids, oleic acid was the major constituent followed by stearic acid.
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The constituents of the fatty acids ranged from 42.8-51.4% for oleic acid, 10.9-19.3% for stearic acid, 10.62-15.91%
for palmetic acid and 21.73-25.43% for linoleic acid. The values obtained for the Ethiopian Jatropha provenances
are within the ranges of different reports. The fuel properties of Biodiesel are influenced at large by the amounts
of each fatty acid composition and the alcohol in the feedstock used to produce the esters among which the
largest fractions of fatty acids for each of the biodiesel is a potential indication of the rest of the properties.

The biodiesel characteristics of each Jatropha provenances collected from potential Jatropha growing areas
of Ethiopia were analyzed and a total of 12 biodiesel quality paramenters were analyzed. The specific gravity of the
different Jatropha provenances of Ethiopia ranged from 0.8821-0.8888 g/ml at 15 °c and from 0.8408-0.8856 g/ml
at 20 °c. The average kinematic viscosity of Ethiopian Jatropha populations was 4.89 mm?®/second at 40 °c and
ranged from 4.45-6.38 mm?/second at 40 °c. The overall average cetane number of Ethiopian Jatropha populations
was found 46.71 and ranged from 45.72-47.33. Batch distillation process was conducted on a sample of the fuel
and boiling point data were collected. These data include the initial boiling point (IBP), the final boiling point (FBP),
and the boiling temperatures corresponding to increments of the volume of fuel distilled. The initial boiling points
(1BP) of 325.73, 332.1, 333.167, 350.03 and 358.4°C were recorded. While the respective distillation values showed
10, 40, 50, 90 and 95 % recovery, the final boiling point (FBP) ranges of 347.5 to 370.5 °C were recorded. The cloud
point of the Ethiopian Jatropha biodiesel demonstrated an average value of 7.29 °C and ranged from 1-14 °C. The
overall average flash point value of the Ethiopian Jatropha population biodiesel was 110 °C and ranged from 27-
170 °C. The overall average acid value of the Ethiopian Jatropha population’s biodiesel was 0.148 mg KOH/g. It
ranged from 0.0165 to 0.32 mgKOH/g. The carbon residue of Ethiopian Jatropha population’s biodiesel was 0.1125.
It ranged from 0.029 to 0.33. All the samples demonstrated ASTM color value of 0.5. The water content of the
biodiesel samples obtained from the seeds of Ethiopian Jatropha populations were demonstrated an average value
of 0.125 mg/g. The values ranged from 0.1-0.15 mg/g. The overall average ash content of the biodiesel obtained
from the different Jatropha seed samples obtained from Ethiopia was found 0.012 g/100g and it ranged from
0.001-0.028 g/100g. The biodiesel quality characteristics of Ethiopian Jatropha seeds were found within the limits
of American standard (D874) and European standard (EN 14214 standard). Hence, it can be concluded that the
seeds of the existing Ethiopian Jatropha population can be used for the production and processing of
environmentally friendly biodiesel.

Acknowledgements

We are highly indebted to the Research and Extension Directorate of Ministry of Irrigation, Mines and Energy,
for sponsoring this research project. We also extend our deepest gratitude to the Research and Extension
Directorate Director of Ministry of Irrigation, Mines and Energy, Mr. Abiti Getaneh, for his positive response for
every inquiry during research work and reporting process.

We sincerely thank the Ministry of Irrigation, Water and Energy (MolWE), Ethiopian Institute of Agricultural
Research Institute (EIAR), Wondo Genet Agricultural Research Center, Ethiopian Petroleum Enterprise, Addis
Ababa University School of Pharmacy and Wondo Genet College of Forestry and Natural Resources (WGCFNR) for
allowing the researchers to participate in this interesting research project activity. Our acknowledgement also goes
to the staffs of Wondo Genet Agricultural Research Center Natural Product Research Laboratory, Forestry
Agricultural Research Center Saris Sub Center and Ethiopian Petroleum Enterprise Laboratory for their cooperation
in oil content and biodiesel quality analysis of this research project activity.

We extend our deepest gratitude to heads of mines and energy of Wolayita Zone, Gamo Gofa Zone and Jinka
Zone and Heads of Water and Energy Biro of Oromiya and Tigrai Regions for their invaluable and endless support,
intellectual guidance on potential Jatropha growing site selection, assigning appropriate technical experts for the
activity and critical suggestions, which were instrumental in planning, implementation of the research and
development of the research result report. We would also like to express our appreciation to the assigned
expertise of Wolayita Zone, Gamo Gofa Zone, Jinka Zone, Oromiya and Tigrai Regions for their unreserved supports
during field data collection and study site selection.

Our special thanks go to Wondo Genet Agricultural Research Center for availing field vehicles for
implementing this research project at country level. It is not possible to mention everyone who, in one way or
another contributed to this work, but all of them deserve my gratitude.




Beemnet Mengesha Kassahun et al. / International journal of Advanced Biological and Biomedical Research (2016)
4(1) 15-31

References

Adebowale, K.O, Adedire, C.0., 2006. Chemical composition and insecticidal properties of the underutilized
Jatropha curcas seed oil. Afr. J. Biotechnol., 5(10), 901-906.

Akbar, E., Yaakob, Z., Kamarudin, S.K., Ismail, M., Salimon, J., 2009. Characteristic and composition of Jatropha
curcas oil seed from Malaysia and its potential as biodiesel feedstock.

Akintayo, E.T., 2004. Characteristics and composition of Parkia biglobbossa and Jatropha curcas oils and cakes.
Bioresour. Technol., 92, 307-310.

Augustus, G.D., Beans, P.S.M., Seiler, G.J., 2002. Evaluation and bioinduction of energy components of Jatropha
curcas. Biomass. Bioenerg., 23, 161-164.

Awulachew, S.B., Yilma, A.D., Loulseged, M., Loiskandl, W., Ayana, M., Alamirew, T., 2007. Water resources and
irrigation development in Ethiopia. Colombo, Sri Lanka: Int. Water. Manag. Instit., Working Paper 123.

Azam, M.M., Waris, A., Nahar, N.M., 2005. Prospects and potential of fatty acid methyl esters of some non-
traditional seed oils for use as biodiesel in India. Biomass. Bioenerg., 29, 293-302.

Banapurmath, N.R., Tewari, P.G., Hosmath, R.S., 2008. Performance and emission characteristics of a DI
compression ignition engine operated on Honge, Jatropha and sesame oil methyl esters. Renew. Energ., 33,
1982-1988.

Barbara, J.S., 2007. The false promise of biofuels. Special report from the international forum on globalization and
the institute for policy studies. 30.

Beer, M.E., King, A.R., Livio, M., Pringle, J.E., 2004. How special is the Solar system? Monthly Notices of the Royal
Astronomical Society, 354(3), 763-768.

Benge, M., 2006. Assessment of the Potential of Jatropha Curcas, (Biodiesel Tree) For Energy Production and Other
Uses in Developing Countries.

(http://www.echotech.org/mambo/index.php?option=com_docmanandtask=doc_viewandgid=179andItemid=68).

(Posted on ECHO’s website with permission of the author on July 2006). (Accessed on 16-December-2011).

Berchmans, H.J., Hirata, S., 2008. Biodiesel production from crude Jatropha curcas L. seed oil with a high content of
free fatty acids. Bioresour. Technol., 99, 1716-1721.

Biswas, S., Kaushik, N., Srikanth, G., 2006. Biodiesel: technology and business opportunities-an insight. Papers
presented at the biodiesel conference towards energy independence-focus on Jatropha, Rashtrapati Nilayam,
Bolaram, Hyderabad, India.

Cardone, M., Mazzoncini, M., Menini, S., Rocco, V., Senatore, A., Seggiani, M., Vitolo, S., 2003. Brassica carinata as
an alternative oil crop for the production of biodiesel in Italy: Agronomic evaluation, fuel production by
transesterification and characterization. Biomass. Bioenerg., 25, 623 — 636.

Daniel, B., Solomon, A., Wossen, K., 2008. Laboratory manual for plant products analysis. Technical Manual, 1(23),
3-10.

Demirbas, A., 2003. Biodiesel fuels from vegetable oils via catalytic and non-catalytic supercritical alcohol
transesterifications and other methods: a survey. Energ. Conv. Manag., 44, 2093-2109.

EPA, 1998. Environmental protection authority. National Action Program to Combat Desertification. Federal
Democratic Republic of Ethiopia, Addis Ababa.

FAO, 2010. Jatropha: A small holder bioenergy crop.

Foidl, N., Foidl, G., Sanchez, M., Mittelbach, M., Hackel, S., 1996. Jatropha curcas L. As a source for the production
of biofuel in nicaragua. Bioresour. Technol., 58, 77-82.

Freedman, B., Pryde, E.H., Mounts, T.L., 1984. Variables affecting the yields of fatty esters from transesterified
vegetable oils. J. Am. Qil. Chem. Soci., 61, 1638—-1643.

Getinet, A., Dawit, A., Daniel, B., Mekuria, T., 2009. Bioenergy Crops: Challenges, Risks and Opportunities. Crop
Science Society of Ethiopia (CSSE). Sebil Vol.13. Proceedings of the Thirteenth Biennial Conference, 31st Dec.
2008-2nd Jan. 2009 Addis Ababa Ethiopia.

Ginwal, H.S., Rawat, P.S., Srivastava, R.L., 2004. Seed source variation in growth performance and oil yield of
Jatropha curcas Linn. in central India. Division of genetics and tree propagation. Forest Research Institute.
India.

Girma, H., 2000. Energy Law Ethiopia, International Encyclopedia of Laws Kluwer Law International, Leuven,

Belgium. Cepmlp Electronic Journal. 9, 13.


http://onlinelibrary.wiley.com/doi/10.1111/mnr.2004.354.issue-3/issuetoc

Beemnet Mengesha Kassahun et al. / International journal of Advanced Biological and Biomedical Research (2016)
4(1) 15-31

Guenther, E., 1972. The Essential Oils: History-Origin in Plants Production-Analysis(Vol 1), Robert E. Kriger
Publishing Co., Malabar, Florida, 427.

Gunstone, F.D., 2004. Rapeseed And Canola Oil: Production, processing, properties and uses. London: Blackwell
Publishing Ltd.

Heller, J., 1996. Physic nut. Jatropha curcas L. Promoting the conservation and use of underutilized and neglected
crops. 1. Institute of Plant Genetics and Crop Plant Research, Gatersleben/ International Plant Genetic
Resources Institute, Rome.

IBC, 2007. Institute of Biodiversity Conservation. Ethiopia: Second Country Report on the State of PGRFA (Plant
Genetic Resources for Food and Agriculture) to FAO. Addis Ababa, Ethiopia.

Kaushik, N., Kumar, K., Kumar, S., Kaushik, N., Roy, S., 2007. Genetic variability and divergence studies in seed traits
and oil content of Jatropha (Jatropha curcas L.) accessions. Biomass. Bioenerg., 31(7), 497-502.

Kinast, J.A., 2003. Production of biodiesels from multiple feedstockes and properties of biodiesels and
Biodiesel/Diesel blends. Final Reprort 1 in a series of 6. National Renewable Energy Laboratory, Golden,
Colorado, 80401-3393.

Knothe, G., Steidley, K.R., 2005. Kinematic viscosity of biodiesel fuel components and related compounds.
Influence of compound structure and comparison to petrodiesel fuel components. Fuel, 84, 1059-1065.
Kpoviessi, D.S.S., Accrombessi, G.C., Kossouoh, C., Soumanou, M.M., Moudachirou, M., 2004. Propriétés physico-
chimiques et composition del’huile non conventionnelle de pourgheére (Jatrophacurcas) de différentes régions

du Bénin. C.R. Chimie, 7, 1007-1012.

Makkar, H.P.S., Becker, K., 1997. Potential of Jatropha curcas seed meal as a protein supplement to livestock feed,
constraints to its utilization and possible strategies to overcome constraints, in: Biofuels and industrial
products from Jatropha curcas - Proceedings from the Symposium "Jatropha 97", Managua, Nicaragua, Feb.
23-27.

Makkar, P.S., Becker, P.S., 2009. Jatropha curcas, a promising crop for the generation of biodiesel and value-added
co products. Eur. J. Lipid. Sci. Technol., 111, 773-787.

Mesfin, K.T., 2008. Investigation of alternative feedstock sources for biodiesel production in Ethiopia Viz. R.
communis, B. Carinata, E. guineensis and J. curcas, MSc thesis, Addiss Ababa University. 97.

Ministry of Energy and Mines, 2007. The National Bio-energy Strategy. Addis Ababa.

Mittelbach, M., Remschmidt, C., 2004. Biodiesel: The Comprehensive Handbook. Boersedruck Ges. M.B.H., Vienna

National Bank of Ethiopia (NBE), (2008) Annual report.

National Fuel Quality Standards, 2004. Measuring Cetane Number: options for diesel and alternative diesel fuels,
the Department of the Environment and Heritage, Australia.

Noureddini, H., Zhn, D., 1997. Kinetics of transesterification of soybean oil, J. Am. Oil. Chem. Soc., 74, 1457-1463.

Nzikou, J.M., Matos, L., Mbemba, F., Ndangui, C.B., Pambou-Tobi, N.P.G., Kimbonguila, A., Silou, Th., Linder, M.,
Desobry, S., 2009. Characteristics and composition of Jatropha curcas oils, variety Congo-Brazzaville. Res. J.
Appl. Sci. Eng. Technol., 1(3), 154-159.

Omarsherif, M., 2010. Estimation of variability for some morphological traits and seed oil content in local physic
nut (Jathropha curcas L.) population in Eastern Amhara Region, MSc. Thesis, Wondo Genet College of Forestry
and Natural Resources. 68.

Pramanik, K., 2003. Properties and use of Jatropha curcas oil and diesel fuel blends in compression ignition engine.
Renew. Energ., 28, 239-248.

Quick, G.R., 1989. Oilseeds as energy crops. In: Robbelen, G., Downey, R.K., Ashri, A. (Eds). Oil crops of the world.
Their breeding and utilization. McGraw-Hill, Inc. USA.

SAS (Statistical Analysis System), 2002. SAS/STAT. Guide Version 6.12. SAS, Institute Inc. Raleigh, North Carolina:
USA.

Sheehan, J., 1998. A look back at the U.S. department of energy’s aquatic species program-Biodiesel from algae
(Report NREL/TP-580-24190). Golden, CO: US DOE, Nat. Renew. Energ. Lab.

Thongbai, P., Donnell, A.O., Wood, G.D., Syers, J.K., 2006. Biofuels research and development at mae fah luang
university. In: The 2" Joint International Conference on “Sustainable Energy and Environment (SEE 2006)".
Bangkok, Thailand.

Van Gerpen, J., Shanks, B., Pruszko, R., Clements, D., Knothe, G., 2004. Biodiesel Analytical Methods. Nat. Renew.

Energ. Lab. 1617 Cole Boulevard, Colorado. U.S.


https://www.aginternetwork.net/_base(http:/www.sciencedirect.com/):/science?_ob=PublicationURL&_tockey=%23TOC%235690%232007%23999689992%23651227%23FLA%23&_cdi=5690&_pubType=J&_auth=y&_acct=C000056118&_version=1&_urlVersion=0&_userid=2789858&md5=3de9da9183b6666a139f3cc06e9a717a

Beemnet Mengesha Kassahun et al. / International journal of Advanced Biological and Biomedical Research (2016)
4(1) 15-31

Vivero, J.L., Ensermu, K., Sebsebe, D., 2010. The red list of endemic trees and shrubs of Ethiopia and Eritrea. Fauna
and Flora International, Cambridge, UK.
Wilkins, A., 2006. Biodiesel. Blue diesel Pty Lmtd, Department of Agriculture, Australia. 1-9.

How to cite this article: Kassahun, B.M., Balcha, M.,
Damtew, Z., Blsrat, D., Asaminew, G., Tadese, S.,
Philipos, M., Guteta, N., Nurhusain, H., Haile, F.,
Abate, S., Mekonnen, B., 2016. Fatty acid and
biodiesel  characteristics  Ethiopian  Jatropha
(Jatropha curcas L.) provenances. International
journal of Advanced Biological and Biomedical
Research, 4(1), 15-31.

| Submit your next manuscript to CASRP Central
: and take full advantage of:

1 ® Convenient online submission

: * Thorough peer review

: ¢ No space constraints or color figure charges

1 e Immediate publication on acceptance

: e Inclusion in Google Scholar

| * Research which is freely available for

| redistribution
|

1

|

|

|

|

Submit your manuscript at
www.casrp.co.uk/journals




