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New technologies to improve the extraction of Jatropha Oil as Biodiesel
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SUMMARY

Bioethanol and biodiesel have been the most important liquid biofuels. After the “first generation”
based on “feedstock plants”, a second generation” with specific non edible material is expected to
become increasingly important. The use of jatropha crops offers the advantages of arid or mid-arid
soil plants. In the present work, jatropha kernels, with 6% dry basis as initial moisture content, were
treated by instant controlled pressure drop DIC. The objective has been to facilitate and intensify the
extraction of the oil. A kinetic study was then conducted through the measurement of solvent (hexane)
extracted oil versus time. This communication reports the effects of different operating DIC
parameters by measuring the amount of extracted oil and by quantifying the kinetics through the
starting accessibility and the effective diffusivity of the so expanded material. The results show the
great potential of DIC as a pretreatment capable, in the case of jatropha, to increase the performar.ce
of extraction process by increasing the oil availability (yields) up to 108%(ddb), and reducing the
extraction time with an initial accessibility over 80% and an effective diffusivity of (0.86-0.89) 107"
m¥s against 51% and 0.36 107? m?¥s, respectively for raw material. Impact in terms of physical
(rheological) behaviour and chemical (transesterification) functional properties will have to be
studied in a next time.

Keywords: renewable energy, plant, jatropha, oil, extraction, biodiesel, DIC, Instant controlled
pressure drop.

1. INTRODUCTION

The rapid increase of energy prices from 2003 to 2008. combined with the environmenial
consequences of green house gas emissions, has led to renewed interest in the development
of alternatives to fossil fuels [1]. Energy from the plants is told as the main energy, which
can replace the petroleum in the next years. Actually, two families of energy sources which
can be received from vegetable, coexist: ethanol and biodiesel. Ethanol i1s made-up by
vegetable fermentation producing alcohol; such an ethanol is compatible with essence.
However, vegetable oils are the principal energy sources that will be used for contributing
and/or replacing the petroleum in the transport and industry applications. So, they are ussd
directly by mixing them with fuels, or transferred into biodiesel through an adequate
transesterification as chemical reactions. The transesterification by methanol or ethanol ir. a
base or acid catalyst is the main chemical operation. The main organic oils usually used are
extracted from the oleaginous crops such as rapeseed, sunflower, soya, castor, oil palm,
coconut or jatropha, but also from animal fats, tallow and waste cooking oil [2]. The
competition between food and energy purposes is very prejudicial to such operaticn.
However, the non — edible jatropha curcas, is the only oily-fruits which can be cultivated in
arid or mid-arid soils, with high aptitude to be processed into high quality biodiesel. This
explains why, in the recent years, the tropical shrub jatropha curcas, named as “green-gold of
the desert”, become oil crops that raised interest in several tropical regions over the World.
The oil from these seeds can be processed for different purposes from biodiesel production 'to
fine chemicals or pharmaceuticals.



Plant oil has been used as fuel since the beginning of the 20th century: In 1900. the famous
Diesel engine was running for demonstration on plant oil (pea nut oil) at the world exhibition
in Paris. Some years before the Second World War on 1939, jatropha oil was tested in Mali
as fuel by the French colonialists. After that, at the beginning of the 1980s, the discussion on
renewable energy sources led to the development of a special plant oil engine by ELSBETT.
After noting the non-edible and toxic Jatropha plant oil as a renewable energy source (Friedel
Von Bismarck), the German Agency for Cooperation and Development (GTZ), decided to try
the possibility of producing Jatropha oil and using it as fuel in the Integrated Rural
Development Project in Cape Verde Islands. In 1987 the «Special Energy Program, SEP» in
Mali was asked by the Division of Agricultural Mechanization to look into the use of
Jatropha oil as fuel. In the late 1980s, the large scale production of Jatropha oil and its
esterification into a diesel was carried out in Nicaragua. After some basic research in 1994
the first 1.000 hectares of jatropha plantation were installed. In 1997. the international
conference Jatropha’ 97 in Managua presented the Nicaraguan experiences to a wide pub’ic
and showed also the activities of other parts of the world, like India, Mexico, the Philippines
and Mali [3]. -

In this paper, we present the state of the art of such “green” energy coming from plants and
used as biodiesel (from rapeseed oil, sunflower oil, Jatropha oil, etc.). Especially, the
extraction kinetics of jatropha seeds (kernel) is showed. The samples were pre-treated by the
technology of instant controlled pressure drop DIC and they gave oil yields higher than the
raw material ones (non-treated by DIC). The study was carried out by the Research Team of
Technologies for Agro-Industry in the laboratory LEPTIAB, at the University of a
Rochelle. The objective of this work is to evaluate the effects of the DIC treatment on the
Jatropha oil hexane solvent extraction in terms of kinetics and yields. :

2. THE ENERGIES IN THE WORLD

Along the whole 20th.century, fossil fuels have been the sole energy source used around the
world in the main pait of the human applications (transport, domestic, industries, etc.). Tozal
world energy consumption/use rises from 472 quadrillion British thermal units (Btu)in 2006
to 552 quadrillion Btu in 2015 and then to 678 quadrillion Btu' in 2030 [1]. But at the
beginning of this century, the prix of the oil fuels was increased very quickly and the source
of fossil fuels was decreased considerably. Average world oil prices increased each year
between 2003 and 2008. Spot prices reached $147 per barrel (in nominal dollars) in mid-July
2008. After reaching the July 2008 high mark, however, prices fell sharply. According to
IEO2009 reference case, the price of light sweet crude oil in the United States (in real 2007
dollars) rises from $61 per barrel in 2009 to $110 per barrel in 2015 and $130 per barrel ‘in
2030 [1]. Also, the petroleum is near to the peak of its production.

3. WORLD CARBON DIOXIDE EMISSIONS

The carbon dioxide emissions of the World are projected by ENERGY INFORMATICN
ADMINISTRATION (EIA) to rise from 29 billion metric tons in 2006 to 33.1 billion metric
tons in 2015 and 40.4 billion metric tons in 2030 - an increase of 39% over the projection
period. With strong economic growth and cpntinued heavy reliance on fossil fuels expected
for most of the non-OECD (the nations outside the Organization for Economic Cooperation
and Development) economies, much of the increase in carbon dioxide emissions is projected
to occur among the developing, non-OECD nations. In 2006. non-OECD emissions exceedad

'. BTU=252-253 cal = 778-782 ft Ibf = 1054-1060 J = 0,293 - 0,294 Wh and quad BTU (abbreviation of
qguadrilion) = 10'5 BTU= 1055% 108 J= 293,055,556 GWh



OECD emissions by 14 percent. In 2030. however, non-OECD emissions are projected to
exceed OECD emissions by 77% [1]. :

4. RENEWABLE ENERGY

The “crisis of energy” combined to the environmental constraints, has led to renewed interest
in the development of alternatives to fossil fuels. With high world oil prices expected To
return and growth in demand for liquids and other energy expected to resume when
economies begin to recover from the current global downturn, renewable energy is the
fastest-growing source of world electricity generation in the International Energy Outlook
IEO-2009 reference case, supported both by the expected high prices for fossil fuels and Dy
government incentives for the development of alternative energy sources. From 2006 to
2030, World renewable energy use for electricity generation grows by an average of 2, 9
percent per year, and the renewable share of world electricity generation increases from 19 %
in 2006 to 21 % in 2030. Natural gas and coal are the second and third fastest-growing
energy sources for electricity generation in the projection; however, the outlook for coal, in
particular, could be altered substantially by any future legislation that would reduce or limit
the growth of green house gas emissions [1: 2]

One of -these renewable energies is biofuel. Biofuels, are liquid fuels manufactured from
biomass, are used mainly for transport or heating. They can be produced from agricultural
products, forest products or from the biodegradable portion of industrial and municipal
waste. When biomass is produced in a sustainable manner, it is a renewable energy source. It
stores chemical energy that can be used to produce power and heat as well as liquid and
gaseous fuels. Biofuels can help reduce the use of petroleum products and reduce the
emission of greenhouse gases [4 - 5]. According to EIA, Biofuels will be an increasingly
important source of unconventional liquids supply and will reach 5.9 million barrels per day
in 2030 [1]. :

Nowadays, bioethanol and biodiesel are the most important biofuels (account for more than
90% of global biofuel use). Today, they have been considered as the “first generation”
biofuels because they are produced from traditional feedstock biomass. Bioethanol is a
distilled liquid produced by fermenting sugars from sugar plants and cereal crops (e'g.
sugarcane, maize, sugar-beet, cassava, wheat, sorghum). A second generation of bioethano] —
lignocellulosic — makes use of a range of lignin and cellulose materials such as short-rotation
wood coppices and energy grasses, has the potential to increase energy yields, but is not yet
commercially-viable [4]. Bioethanol can be used in pure form in specially adapted vehicles,
or blended with gasoline. Biodiesel is produced from organic oils, usually from the feed oily
fruits (oleaginous) of crops such as rapeseed, sunflower, soya, castor, oil palm, coconut. ..,
but also from animal fats, tallow and waste cooking oil. A second generation of biodiesel
technologies will use oils from jatropha, algae. A third generation of biodiesel technologies
synthesises diesel fuels from wood and straw. Like bioethanol, biodiesel can be used in pure
form in specially adapted vehicles or blended with automotive diesel [5].

Sugar from Brazil and maize from the United States of America (USA) dominate global
ethanol production. Together they comprise around 80% of global production. China, the
European Union (EU) and India are other significant ethanol producers. In energy terms,
ethanol and biodiesel accounts for almost 90 percent of the current total global biofuel use.
Ethanol trade has represented about 10 percent of world consumption in recent years, Bravil
being the main exporter. The most important consumer markets are the USA and the EU.
Biodiesel mostly produced and used in the EU (predominantly from rapeseed, sunflower
seed) and increasingly in Southeast Asia (oil palm) provides the remaining share [4 - 3].
Especially, in recent years, there are many projects in the World to make the biodiesel from

jatropha.



On the global level, IEA (2006) has predicted trends under a Reference Scenario, based on
the assumption that current national biofuel policies will remain in place, and an Alternative
Policy Scenario, which takes into account enhanced policies to stimulate the biofuel industry
(such as subsidies for producers and consumers, support for the car industry, increaszd
research and development spending, and reduced barriers to trade). Under the Reference
Scenario, biofuel production to 2030 is predicted to rise sharply from 20 Mtoe? in 2005 to 54
Mtoe by=2015 and to 92 Mtoe by 2030. Under the Alternative Policy Scenario production
rises even more steeply to 73 Mtoe (2015) and to 147 Mtoe (2030) [5].

In energy equlvalence the 2008 ethanol share of the gasoline transport fuel market in these
countries is estimated at 4.5 % for the USA, 40% for Brazil and 2.2% for the EU. The
biodiesel share of the diesel transport fuel market is estimated at 0.5% for the USA, 1.1% for
Brazil and 3.0% for the EU. In 2007°’s World Energy Outlook (WEO), the International
Energy Agency (IEA) Reference Scenario projected that biofuels will meet 2.3 % of world
road-transport fuel demand by 2015 and 3.2% by 2030, up from around 1-2 percent today.
The production will rise much faster, to 3.3% by 2015 and 5.9% by 2030 [1; 4-6].

5. JATROPHA

Jatropha curcas has been planted in the tropical and subtropical parts of the world (betwe=n
30°N and 35°S), in arid and mid-arid soils, in Africa, South America and Asia as: Mali,
Nicaragua, Ghana, Nepal, Zambia, Mozambique, China, India, Canada; Australia, Vietnam,
-- Cambodia, Malaysia, Indonesia, Thailand, etc. [3; 6-10]. India has said it intends to develop
= 11 million hectares of jatropha; China claims to have 2 million hectares and plans 11 million
- ~more. In Africa, jatropha plantations are spreading across Tanzania and Zambia, and, despite
a current government suspension of plantlng of jatropha, Swaziland is poised to follow suit

[8]. -

| Wite T Reiief T Earth |

Figure 1: The activities of jatropha over the World

5.1. Jatropha plant

The jatropha plant (Jatropha curcas L.) is a multiannual plant, which grows for more than 50
years. It is not known until which age the production of seeds ig economically feasible. It is a
small tree or big bush which grows up to a height of about 6 meters. The plant resists to long
periods of drought (7 to 8 months in Mali) with a rainfall of fore than 600 mm during the
rainy season, but can also grow well in a tropical climate with permanent rainy conditions.

2, Mtoe = 10° toe. The tonne of oil equivalent (toe) = 41.868 GJ = 11,630 kWh. Some organisations use other definitions
of toe, for example: (1 toe =42 GI; 1 toe =41.85 GI; 1 toe =7.11, 7.33, or 7.4 barrel of oil equivalent (boe); 1 tonne
petroleum equivalent (TPE), as used in renewable energy, 45.217 GJ.



The flowering is permanent during the rainy season. Since the fruit development takes 4
months, ripe fruits are developed until about 4 months after the end of the rainy season [8-
10].

1

Figure 2: Plant, fruit and grains of |

5.2. Planting density and yields

The optimal tree density is close to 1300 plants per ha. A density of 2500, as mentioned very
often, seems to be too high. Grown-up plants (3 years and older) don’t allow people to pass
between the plants to harvest the fruits. A distance between the rows of 3 m seems very
important, which gives a number of plants per ha of 1300, if the distance of the plants within
a row is 2.5 m, and 1700 plants, if the distance within a row is 2m. The yield in seeds of the
plant Jatropha“is one of the most important figures to judge the economic feasibility of the
production of Jatropha oil. Estimated seed yields in different countries and regions range
from 0.1 to 15 tons/ha/yr [21-23]. With the “wild jatropha plants”, there are plants with 10
grams of production per year and others near by with 1000 grams; the average yield is abcut
2500kg/hectare/year[3], and it is about 3000-5000kg/hectare/year in Tanzania [24].

Jatropha seeds; these are the black seeds of the Jatropha plant, which are produced withir a
fruit, and which are ripe when the fruit turns yellow and black. The dry fruits stay still long
time attached- to the branches. Four kg of the seeds can produce one litter biodiesel. The
seeds contain"b_etween 30 to 35% of non-edible oil. The kernel of these seeds contains about
45 to 50% of oil [3]. The theoretical maximum amount of oil in a Jatropha seed is 44% (44¢
oil per 100g Jatropha seed kernels). This was determined by soxhlet extraction with a hexane
solvent [25-26]. Traditionally these kernels are used to make torches for lighting or to start a
fire [3]. ; -

still hanging on the branch & white kernels (deshelled seeds) on a piece of raffia or wire to be used like
a torch.

Figure

Jatropha oil, known with the name «pourghere oil» in Africa, has already been used as fuel in
test motors in Mali, Tanzania and Ghana [1 1]. The physical properties of jatropha seed in
India were evaluated as a functiop of moisture content in the range of 4.75% — 19.57% db
(dry basis). The average length, width, thickness were 18.65 mm, 11.34 mm and 8.91 mm
respectively at moisture content of 4.75% (db). The geometric, densities of the seed aad
others physical properties were measured as moisture content increased [13]. Also, the
physical properties of the jatropha fruit were investigated in India by R.C. Pradhan [14].
Others, R. Banerji et al. have determined the oil contents, physicochemical properties, fatty



acid composition and energy values of seed samples of four species of Jatropha [15]. The
jatropha oil properties are close to those of normal diesel. Its viscosity can be decreased by
preheating process to reach a comparable value of the fuel at 110 °C [6; 12]. Table 1 shows
the some chemical and physical properties of jatropha oil and diesel.

Table 1: Properties of jatropha oil and biodiesel in caparison to diesel [15-19; 21]

-

Properties Jatropha oil Diesel
Specific Gravity (kg/m3) 0.9186 0.82/0.84
Flash Point (°C) 240/110 50 )
Carbon Residue 0.64 0.15 or less
Cetane Value 51.0 >50.0
- Distillation Point 295°C 350°C
Kinematics Viscosity 50.73 cSt >2,7cSt_
Sulphur 0.13% 1.2% or less
'-‘ Calorific Value Kcal/kg 9.470 10.170
= = Pour point 8°C 10°C
Colour 4.0 4 or less

In Madagascar, the Jatropha seed oil had been used as a-diesel fuel substitute during the
Second World War. In recent years the unmodified Jatropha oil and blends with diesel fuel
[15-16], as well as transesterified Jatropha oil esters, have been realised and tested as an
alternative fuel [17-20]. The characterisation of a biodiesel from an alkali transesterification
of jatropha curcas oil was studied by S. Traoré, in which the colour, specific gravity, free
fatty acids, acid value and the kinematic viscosity were measured [7]. The properties and use
of jatropha curcas oil and diesel fuel blend were studied by K.Pramanik, F.K. Forson et al.,
their results shows that the viscosity of jatropha oil was decreased remarkably with
increasing temperature and it becomes close to diesel oil at temperatures above 75°C.
Biodiesel containing 70% - 60% vegetable oil has viscosity close to diesel oil between 70
and 75 °C, and between 60°C and 65 °C, respectively. Viscosity values of 50:50 and 40:50
Jatropha oil/Diesel oil are close to diesel in the range of 55 — 60 °C and at about 45°C,
whereas the blend containing 30:70 Jatropha oil/Diesel oil has viscosity close to diesel at the
range of 35 — 40°C [19], and the blend 20:80 and 2.6:97.4 jatropha oil/diesel has viscosity
about 8.2¢St and 5.9¢St compare to diesel viscosity 5.7c¢St at 37.8°C [20]. From the engine
test, his result shows that up to 50% jatropha curcas oil can be substituted for diesel for use in
engine without any major operational difficulties [19].

The chemical and physical properties of the jatropha oil and its blends relative to the diesel
fuel are studied by the Tema Oil Refinery (TOR), Tema, Ghana and the Mechanical
Engineering Combustion Laboratory of the KNUST, Kumasi. Table 2 presents sorme
characteristics of that reseach. Jatropha can be used to blend with fuel for using in the engine,
at the ratio 20/80 jatropha oil/fuel, the viscosity of the fuel can be near the same of that of
fuel (see table 2).
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Table 2: Some properties of jatropha oil and its blends relative to diesel fuel [20]

Fuel (jatropha oil/fuel oil)
Properties Units

100/0 50/50 20/80 2,6/97.4 - 0/100
K Density at 15°C (kg/m3) 9177 891.7 876.9 868.6 - 866.9

: Flash Point °C) 99 94 90 88 86
Kinematics Viscosity at 37.8°C cSt 36.9 14.6 8.2 5.9 57
Calorific Value MJ/kg 42,048 43.099 44.15 45.202 45.90

Pour point ¢ -3 +6 +12 +15 +I5

Colour 3 2 2 2 o 2

Operating costs in China of Jatropha were quoted to be 400 USD/ha, while in India it is 200
USD/ha. Costs depend very much on the expected yields, as picking the fruits contribufes
substantially to this cost. For high yield Jatropha, production costs have been calculated as
230 USD/ha/yr using the country conditions of Mali. It should also be said that if labour
costs are more than 2 USD/day, the feasibility of Jatropha production dwindles. Production
systems have therefore to be checked against any risk to include child labour or other
enforced systems of cheap labour [9]. )

6. IMPACT OF THE INéTANT CONTROLLED PRESSURE DROP DIC ON
SOLVENT EXTRACTION KINETICS -

Our work aimed to define a method able to increasé the oil extraction yields, by texturing the
kernels using the instant controlled pressure drop DIC technology. Also, we would determine -
the impact of such a texturing method in both rheological behaviour and chemical reactions
(usual and in-situ transesterification). -

6.1. Materials and methods

6.1.1. Raw material

Jatropha seeds, with 6% (db) as initial moisture content, were bought from the South of
VietNam, were preserved at the room temperature in laboratory. The oil yield of seed is
noted as 25% to 30% of the total weight. Then seeds were deshulled to grow away the cover
and the white kernels were received about 55% of total weight. Samples of 50 grams were
treated by DIC at different conditions of steam pressure and thermal treatment time. Afier
that, they were dried at the ambient temperature to moisture content the same with initial
level of 6% (db). Raw material and textured samples (samples treated by DIC) were
extracted by n-hexane at 95% in the same conditions of temperature (90°C) during 2 hours.
Each experimental sample was replicated 3 times.

o

6.1.2. The instant controlled pressure drop (Détente Instantanée Contrélée - DIC)

The DIC technology was defined, patented and developed by Allaf et al. (1993) [27]. It has
been applied successfully for industrially drying and texturing verious food products as fruits
and vegetables [28-29; 37] or for improving the rehydration capacity of polysaccharides [30].
Moreover, the DIC was successfully used for extraction volatile compounds and essential
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oils from rosemary leaves, ylang-ylang [31-32]. It has also permitted to improve the
nutritional value of lupin seeds by reducing their phylate content [33; 35] and by elimination
of their allergenicity. The DIC has been particularly effective for treating the paddy rice just
after harvesting before drying and dehydration [34] and for decreasing the glucosinolate
content of rapeseed [38], it has been also used effectively for improving the yields of
rapeseed oil extraction with hexane through the texturing impact [36].

In so far as hydro-thermo-mechanical treafiment operation, DIC treatment is a high
temperature short time heating (HTST: up to-160 °C, during some tens of seconds). It is
characterized by an instant pressure drop towards the vacuum (about 5 kPa), which causes
autovaporisation and product cooling. The pressure drop induces a whole swelling of the
product and a possible controlled destruction of cell walls; it also releases volatile
compounds. The thermodynamics of instantaneity can greatly contribute to the phase
separation and be modelled to explicate this process.

o
b=
.
=
=
3
o
2

Fzgure 4: Mam s!ages of DIC treatment.

6.1.3. Treatment and analyses

Moisture content

The water content of grain was determined by drying a 5 g seed sample in a drying oven at
105°C during 24h, a constant weight was obtained. Also, an infrared moisture analyzer was
used (Mettler Toledo LP-16 Infrared Dryer/Moisture Analyzer with Mettler Toledo PE350
Balance - Bishop International Akron, OH — USA). Two results obtained were fairly
consistent together (£0.5% dry basis).

Experimental design

Response Surface methodology RSM was used as adequate experimental design; it allows
the results to be statistically studied and the impact of operating parameters to be analyszd
through STATGRAPHICS software. The operative parameters of the DIC treatment have the
steam pressure (P) from 0.3 MPa to 0.7 MPa and the thermal treatment time (t) between 20
and 70 seconds; the initial moisture content (W) of the seed was kept constantly at 6% (dry
basis).

Table 3. Operative DIC treatment parameters of jatropha seed. (P: Steam pressure in MPa; t : thermal treatment time i
seconds ; W : moisture content in % dry-dry basis).
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Experimental number | Steam Pressure P (MPa) Time (s) Moisture content (db)
DIC 01 0.70 45 6%
DIC 02 0.50 70 6%
DIC_,-r 03 0.50 45 6%
DIC 04 0.64 63 6%
DIC 05 0.64 27 i 6%
DIC 06 0.50 45 6%
DIC 07 0.36 27 6%
DIC 08 0.36 63 6%
DIC 09 0.30 45 6%
DIC 10 0.50 20 6%
) DIC 11 0.50 [ 45 6%

The method for studying the characteristics of the materials after DIC treatment in
comparison to non-treated raw material is carried out through appropriate solvent (hexane
95%) extraction. The kinetic parameters established- according to the method of Mounir &
Allaf, 2009. were determined as the main responses; they were the starting accessibility, the
effective diffusivity and final availability or yields: .

6.14. Functional characterisation by solvent extraction

Jatropha kernel was grinded by the grinder (Grindomix, GM200 - F. Kurt Retsch GmbH &
Co. KG, Haan, Germany) at the rate of 10000 rpm during 10 s. Then, one quantity of 10 g of
kernel was used to realise the extraction in circulation (soxhlet extraction) with 150 ml of
hexane at 90+2 °C; the homogeneity of operation was assured by mixing with a magne‘ic
stirring at 400 rpm/min at the bottom of 250 ml flask. During the operation, sampling was
taken at the different time. After that, the flask was left to cool for 10 min. The obtained
mixture (solution includes hexane and jatropha oil) was separated under vacuum by helping a
rotary evaporator (Rotavapor R-114 - Biichi - Switzerland); so jatropha oil was separated and
collected under vacuum (5000 Pa), temperature at 40 °C, during 30 min. The obtained oil
was weighted by using a electronic balance of +0.1 mg precision (KERN 770 - 15.
max.200grams, d=0.0001gr; KERN & Sohn GmbH, Germany). The oil yield quantity was
measured and presented in % per the basis of entire dry material (out of water and oil
content).
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6.2. Results and discussion

Extraction kinetic

The quantity of extracted oil was identified based on of the completely dried material, not
including water nor oil content (dry-dry basis). Values in table 4 are measured with a
precision +2%.

Table 4: Extraction kinetic by solvent (hexane) in g oil /100 g of material complete dry weight.

-

Time | RM |DIC 01 | DIC 02 | DIC 03 | DIC 04 | DIC 05 | DIC 06| DIC 07 | DIC 08 [ DIC 09 | DIC 10| '
omin | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%
[Smin | 64% | 82% | 80% | 79% | 82% | 79% | 79% | 76% | 76% | 76% | 76% | 78%
30min | 84% | 94% | 95% | 93% | 96% | 93% | 95% | 91% | 91% | 90% | 91% | 93%
60min | 87% | 98% | 99% | 95% | 98% | 95% | 98% | 95% | 93% | 92% | 93% | 96%
90min |89% | 98% | 100% | 96% | 100% | 96% | 99% | 96% | 94% | 93% | 93% | 98%
120min | 89% | 98% | 100% | 96% | 100% | 97% | 99% | 96% | 94% | 93% | 94% | 98%

Table 4 shows higher extraction rate and velocity- for all DIC treated jatropha kernel,
whatever operating parameters; thus, we can get about 100% (ddb) with DIC 02 sample
(0.5MPa, 70s) and DIC 04 sample (0.64MPa, 63s); while it is only 89% (ddb) for raw
material considered as control sample, which means about 11% increasing rate.

1200& e

- Raw material

—aDIC 01
—-DIC 02

- =w—DIC 03

T

100% -
=
=]
=
2
%
-
b
%] 40% 4
=
-
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0%
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15 30

Identification of functional characteristics

45 60 75

90

—a—DIC 04
s DIC 05
s DIC 06
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| ——DIC 11

105 120

X Extractiontime (min)
Figure 5: Quantity of jatropha oil extracted by solvent (hexane) based on completely dry material (%ddb), versus extraction
time for Raw Material and various DIC treated samples designed on table 2.

The different models of solvent extraction kinetic [39; 41-48; 54-56] depend on the
operational conditions in the middle of the product (solvent reactivated or loaded,
homogenised or present one gradient of concentration of extracted element, ...). The method
of Mounir et Allaf (2009-a) [52] concern in the case where the solvent in the middle of
exterior is homogenate and regenerated (with one concentration of solvent of elements) to
extract with the constant holding and equal to zero. Other comparable method of Mounir et
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Allaf (2009-b) [57] concerns on drying. The distinction in these operations between the
surface interaction, sometimes translated by the adsorption and the diffusion within the solid
matrix, allows defining the characteristic of the extraction kinetic in so far as the structura) —
functional characteristic of the material. The modification of aptitude technology by
texturation leads one variation of the total quantity to be extracted (yields X., to the tirne
t=><0), also depends on the structural transformation. Here, expressed by g extracted oil per
100 g of completed dry material (non water and nor oil). This characteristic X., is called
“availability” of compound extracted in the product.

The modelisation by complex diffusion within the material occurs on one specific way. The
distinction between the diffusional evolution and the surface interaction lead to exclude the
diffusional modelisation from the initial zone of the kinetic (t=0). This type of classical
diffusion modelisation as also the slightly modify, allows to lead to the effective diffusivity
Degr of the fluid within the matrix or of composition to extract in the solvent presented in the
matrix. The affective diffusivity Deg have to equally get out of the structure (porosity...). .
The third characteristic liens normally to the surface interaction have to considerably get cut
of the specific surface when the surface exchange between the matrix and the considered
fluid. It is obtained from the extrapolation of diffusion model towards t = 0 conduce to the
absolute Starting accessibility X, expressed in g of the extracted molecule (oil) per-100 g of
completed dry material (non water and nor extracted oil). It will be interesting to call the rate
of initial accessibility X,/X., by surface effect by comparison with the total extracted
quantity.

One approach limits to development from the first law of the Crank solution (1975) [58]
allows presenting the curve (for raw material and for all of the samples treated by DIC): -

X -X A0
Ln(y)= Ln( X X ]= (03 PO T — (1)
Where: _
X is the quantity of extracted oil at the time (instant) t, g of oil /100 g of the completely dried material
(not including water nor oil content (dry-dry basis)),
Xs is the maximal quantity of extracted oil X when t->o, ) )
X, is the initial quantity of oil at the beginning of the zone concerned by diffusion evolution. >

The curves were obtained in straight with the value R? > 0.94 when the slope k (s™) reﬂec;
the effective diffusivity Degr (m?%s) : :

The results on table 5 shows that the oil yields of DIC treated samples (2 hours solvent
extraction) were higher than the raw material (8 hours solvent extraction). The availability of
oil yields can increase until 8% (ddb) for sample DIC 02 and DIC 04 in comparison to the
availability of oil yields of raw material with 8 hours extraction. The effective diffusivity can
reach up to (0.86-0.89) 10" m?s while it is about 0.36 10> m¥s for raw material, which
means a maximal increasing of about 150%.

o
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Table 5: Results of analysing jatropha oil extraction by Mounir and Allaf method.

Mo: R? of the ) Deff/Def
§ powder (E—IIZ)m | MRM absolute | relative | . | Relative
(pm) (XfIX.R Xo/XgR | X/ X..
X. (ddb) S Xo (ddb) g
DICOI || 82,74% 164 0.81 227% 99% 106% 89.41% 174% 90%
DIC02 | 96.27% 163 0.87 242% 101% 108% 89.67% 175% 89%
DICO03 || 90.26% 164 0.63 175% 97% 103% 83.59% 163% 86%
DIC 04 || 94.56% 164 0.86 239% 101% 108% 89.89% 175% 89%
DICO05 || 99.10% 165 0.76 213% 98% 104% 85.60% 167% 38%
DIC06 || 74.61% 165 0.66 184% 100% 106% 85.62% 167% 86%
DIC 07 || 82, 56% 163 0.87 244% 97% 103% 85.67% 167% 39%
DICO08 || 95.94% 166 0.70 194% 95% 101% 80:95% 158% 35%
DIC09 || 96.88% 164 0.66 183% 94% 100% 80.65% 157% 86%
DIC 10 | 80.75% 164 0.58 161% 95% 101% 80.57% 157% 85%
DIC 11| 93.75% 165 0.89 251% 99% 105% 86.90% 169% 88%
RM* 90.63% 161 0.36 100% 94% | 100% 51.36% 100% 55%
7.  CONCLUSION

The using of plant oil in recent and in the future as energy source is interested in over the
world, especially jatropha is being known as one of important plant source that can develop
as the main contributed energy source in the development of alternatives to fossil fuels.

In the operations of using vegetable oil from jatropha (or rapeseed) in so far as energy source
via directly or by transesterification in situ, the intensification of oil extraction has one
important position particularly. The present research has had the object to quantify the impact
of DIC technology in the intensification of oil extraction from oilseeds. Kernel of jatropha
seeds at 6% moisture content (db) were treated under different conditions by DIC. The study
of extraction kinetics by solvent (hexane) showed the oil yields were higher than the raw
material. The effective diffusivity can reach up to (0.86-0.89) 10> m?s while it is abcut
0.36 10™"* m¥s for raw material, which means a maximal increasing of about 150%. Studies
concerning the impact in terms of physical (rheological) behaviour and chemical
(transesterification) functional properties will have to be carried out in the next time.

3 The results of raw material (RM) with 8 hours extraction by hexane compare to 2 hours extraction of all
samples freated by DIC.
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Natural products from Jatropha curcas and toxicity

Dr. Claudine CAMPA
IRD (Institut de Recherche pourle Développement)

The first part of the oral presentation will be dedicated to present JRD and GECOFA team.
GECOFA is more especially interested by the study of Functional and Comparative
Genomics in Adaptation using Coffea genus as a model. So, the next part of the presentation
will summarize the special characteristics of Jatropha curcas, which have convinced the
team to work on this plant: the common story of Arabica and Jatropha, two cultivated but
undomesticated tropical trees, the great Jatropha plasticity allowing cultivation in contrasted
area, and its weak genetic diversity necessitating plant improvement. -
Another interesting character is the great diversity of natural products accumulated in the
different plant organs. Industrial and traditional uses of this plant are shortly described and
then a part of its numerous uses in folk medicine are given and are explained (when it is
possible) by scientific evidences. A list of natural products accumulated in leaves, stems,
fruits and roots is then given. Grouped by biochemical classes, the most accumulated are
described (biochemical structure) and their function - for the plant and in human health - are
presented. Toxic and useful compounds are particularly underlined, to give a new_insight on
this plant, presently exclusively considered as dedicated to biofuel production.
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2200 persons 3 Scientific Departments
AR EORSIOM) . =850 researches 72 Reseatch Units

Genome analysis mmmme- lant adaptation and
Functional Genomics evolution

Why Jatropha ??

Department: DRV, Department of living resources B.
DREYFUS '

UR 188, DIAPC: Crop Diversity & Adaptation S
HAMON b

Team: GECOFA, Comparative & Functional Genomics of Adaptation A.
de KOCHKO
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Coffea arabica and Jatropha curcas: similar past, same
story?
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Rare analysis

"Indian ecotype analysis (Basha et al, 2007)

41 Indian ecotypes compared to
Mexicans
Molecular polymorphism : 400 RAPD markers and 100 ISSR markers

Weak genetic variability between indian genotypes
(weak number of int :

Cassava (Manihot esculenta)
Euphorbiaceae || Hevea (Hevea brasiliensis) [ latex
8 Castor bean (Ricinus communis)
Jatropha curcas L.: Linnaeus (1753)

(fatros: doctor; trophé: food) <Gmemmsd> Medicinal uses
Folk medecine

Treatment Part of the plant : Scientific evidence

Purgati\ie action
Skin diseases ‘ e Pregnancy-terminating effects in rats
Pains (rheumatism} Seed /'seed o'_(Goonasekera et al, 1995)
Abortion Human lymphoblastoid cells protected
Cough < oo against HIV (Muanza et al, 1995)
Antigeptic after birth l_.:gaf deqocttor_» Potent cardiovascular action on guinea
T DIt _ ;  pigs

. P : ah (Fojas et al, 1986

To stop bleedings  Stem sap flowing '(c%%fngting Shract (Kone-Bamba et al,

AT > 7 : : v 1987)
Antimicrobial properties Latex Effect against Staphylococcus aureus,
Nigerian Chewing stick Branches E.c., Streptococcus, Candida.. (Thomas,
1989)
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Industrial use
1800 - 1850 s

n eeds
Caribbearl & | n
Cape Verde Islan

Lisbon
_ Mar'seil_ie”_ S
Traditional uses ' :

» Candles and soap, tooth brush
» Green manure (rice) Nepal
» Plant protectant
Fungicidal activity: against pathogens from Azolla
Molluscicidal activity: against Lymneae, Schistosomia. ..
» Numerous medicinal uses

Biochemical nature of these natural products???

R

: - yFlavonoids
- , Leaf  { Glycosyl-flavonoids 1

Steroid sapogenins
Triterpene

Bark gTannins (37%) blue colour
HCurcine: toxalbumine

‘Stem :
Cyanogenic compounds

Latex _Tannins (10%)
Hydrocyanic acid (HCN)
Curcine: toxalbumine
Curcacyclines

'T.rypsin inhibitors
Phytic acid (12%)

' Fruit : B
Diterperies Saponins
Root § Triterpenes Curcine
Phorbol ester PhCMters (3%) Non toxic varieties
Coumarins 5D
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Secondary metabolism

Terpenoids
_Diterpenes (root)

‘mpounds (bark)

[ —
Bt e bt e

Diterpenes C20 skeleton

Daphnane Lathyrane Madi‘ocy#lig Tigliane
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Diterpenes C20 skeleton

[ i) f

Daphnane
Curcusone
Rl 0
R2"

~ Biological effect of Curcusone B: Anti-

3,R'=Me;R*=H A
4,R'=H;R’=Me B
5,R'=Me;R*=0H C
6,R'=0OH;R*=Me D

n of cancer cell motility
~ *Inhibition of matrix metalloproteinase
~ secretion : )

~of the cancer cells

: Lathyr-a_mze §
- Curculathyrane ~

Me
o $SOH

Me

sttt she o
PO b it
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Diterpenes C20 skeleton

s
l | Rts ]

5 Mechamsm In!ubltlon of Protom Kinase (o
{de Moraes et al, 1996)

Protein kinase C:

'/hosphohpld membrane receptor,
Regulator of cell growth

"'“"-'Ja-fraphon

& Inhibition of cell
‘proliferation

Belonss 37 from
wndugriadiineg 1ot wdian.

Diterpenes C20 skeleton -

Roots

Tigliane (Phorbol)

Jatropholone
H
a 5 > : Gastroprotective
e g (Pertmoetal 2007)
Me
OH
1,R'=H;R*=Me A
2,R'=Me;R*=H B
]
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acid

Bonding

to carboxylic
moieties

4a-PhorboI‘!2-Myr|state 13- ;;
Acetate st

ﬂ_b Biological

effect:
Tumor promotion
Cell proliferation
Activation of blood platelets
Lymphocyte mitogenesis
Inflammiation (skin erythema)

(Aitken, 1986)

Fathitud sie svvd
Pt by g o

Phorbol esters
General mechanism

Substitution to DAG

Binding to phos"hollpld membrane rece

ptors (P-rotein_'?_Kinase C)

Signaling st
g

G-protein
c-subunit

Activaled Phospho-

lipase G- Phorbol

'Cell Receptor G-protein

A
H-subunit GTP

... Activated
Protein Kinase
}‘ C (PKC)

Inastol
Triphasphate (1P, )

Phosphorytatcs ceit

iy

Heteaes Ca ¥ tioin
endoglasma reticalam

cellular

Cell proliferation

rne'r_\hnsgs
}

{

Tumor
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Phorbol esters

Specific PMA mechanisms

Signaling Agnaist

Activated Phospho-

G-protein  lipase C-f
«a-gubunit

(Afrasiabi et al, 2008)

Cell proliferation Antimigratory effects
| ' in thyroid & prostate
Tumor cancers

Leaves

Stem

a-Amyrin - m¢

FHy
‘

Steroids
Phytosterols
(lipids)

Campesterol
Sistosterol

lnﬂammatory modefs of pain m

rats :

Stigmasterol

Friedelin

Precursor in
iz Chemical synthesis
of progesterone

HiC iy

Biological effect: Wound-healing

cfivit : :
uf nof antiulcerogenic

Jatrocurin: tetracyclic t_fiterpene ester
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Flavonoids Leaf

Apigenin
Bnﬁogmal effect: Inhibition of the drug metabolism
in the body

Mechanism:  Inhibition of the GYP2C3, enzyme of
: : - pharmaceutical drug assimilation

* Blolog:cal effect Hypotenswe, anti-inflammatory

Vitexin
& anti-spasmodic (nonspecific)

Isovitexin

Mechanism:

Ganglion-blocking  [[il»> Hypotensive effect

Anti-histaminic : -

Anti-bradykinin
aH _ Anti-serotonin properties

VT = B-bet.a-D-glucopyranosyl-a@eh‘in ;

Antiinflammatory effects

Coumarins Root ~ Coumarino-
i ; .o dighans 5
Marmesin | Propacin

= : Jatrophin M =
H
TN :

mmmml> Resistance to pathogens

10% of the latex contentsmm Bjye to black colour

Tannins _ o
37% of the bark content

Uncharacterized
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Curcine Stem, fruit Rlbosome-mactwatmg protein (RIP)

Phytotoxin = toxalbumin (toxins produced by plants) inhibiting protein
synthesrs

mmmlp Biological effect: Poisoning

Mechanism:

Cleavage of an N-glycosidic bond in the 285 rlbosomai RNA (protein
synthesis)

Inhibition of protein formation
1 molecule of these toxalbumins is able to inactivate thousands of ribosomes!!
Limited effects of curcin/ricin (no subunit which bmds to cell membranes and helps in
taxin sntrdnes) memsp  Biological  Antitumor agent
. ) effect in Vif_ro: {LUO et al, 2007)

_ | i o kD29

Curcain Latex Lectin
Protease

mammp Biological effect: healing wounds & haemostatic (coagulating effect)
The diluted latex however shows anticoagulant activities

Curcacyclines Latex Cycllc peptades
Potent antibacterial, antlcancer and i Jmmunosuppress:ve drugs

Biological

effect:
Immunossuppressive
activity
Moderate dose-dependent
inhibition of human T cell
proliferation

b et
Curcacycline A Curcacycline B
(octapeptide) {nonapeptide)




Trypsin inhibitors gt Chemicals (sometimes proteins)

Uncharacterized

s Biol_.ogiga_];effeet;.':if:fficull..ties to digest

Red uctir 'Q}évai'_i-xability o_f-:t:'ypsine: enzyme
Pra o i
to ny

rm of P in cereal & legume

) MQ, Fe, Zn, Cu, Co) .

ator of minerals ’.(Cﬁ
' '--.BiOﬁl:bg'i'c:al‘ef'fect: Limiting cation absorption )
Contributing to mineral deficiencies

Mechanism: Forming insoluble salts (phytates)

3 1
Inoséor nexaxlspn%pnate

L(IP6)

Described as: :
Protective against osteoporosis
Low consumption ., Risk factor for osteoporosis
~ Antioxydant
' Anticancer ]
Hypocholesterolemic
Hypolipidemic

44



Hydrocyanic acid  |atex Cyanogenic compounds bark

One of the mos_t'carpidl_y acting toxins which affects mammals

: Cutting
H—C=N ; g Wilting Il- Cyanogenesis
== Freezing o A X
&\ Drought Cyanogenic glycosides
Prussic acid = cyanide @ Crushing + =
NiFs ke B-hydroxylase

s X
Biological effect: B

Suffucation and death

(Ruminants) Hydroxynitrile lyase

Mechanism:
Inhibiting oxygen utilization
Toxin enters the blood stream
Transport in the animal body
Suffocation after 15-20 min
Death e

Compound Localisation Effect
S  CurcusoneB Anti-metastasic e
Diterpenes Jatrophone Roots Antitumoral +
.................. ditropliglong. - .06
Terpenoids ; : ; :
Phorbol esters Seeds
: u—Amyrih Leaves +++
Triterpenes : Ty Steroid precursor S+
Friedelin Stems Wound healing g
Flavonoids Apigenin Inhibition of digestion to
: Glycosyl- Leaves - i - iR
orengies | loenciss Yigwn, - i (RO
| Coumarins B Roots ... Resistance to pathogens s+
8 Tannins _ Leaves, Stem6olouring R
Curcine Seeds, stemsoison =i
Brotaine y it BN A_ntltumor-al +++
Curcain Latex Coagulating ki
Curcacyclines Seeds, stems Immunosuppressive +++ O
Trypsin inhibitors Seeds Inhibiting digestion L
Phyti{; Seeds Mineral deficiency T
Others I acid Antioxydant, anticancer,..... %
Hydrocyanic  Latex, bark Poison e
acid
Both? IRD =V




Théme Unité Pays Participants Partenaires Etudiants
IRD
Palmiers DIAPC Pérau F.Kahn B, Milién, Y. Quinteros Gorasz
J.-C. Pintaud ‘M. Marin Bravo, o
: M. Clavo Paralta 2
Variété génétique DIAPC France C. Campa i A. Bousquet
Mycorhizes LSTM Sénégal R. Duponnois A. Faye
Sols : physico-chimie SegBio Sénégal - I LCholtc : KAsmb:tse £ : S. Lé

P.Robert

Pratiques culturales . Laos
C.Deng
Agroforesterie 'Lishaé; : Kenya: .
Filiéres C3ED Colombie 8. Velut M. Sampaio
Brésil J. Quensiére J. L. Berdolini J. L. Berdolini,
Argentine D. Ramousse M Sampaio
P. Valarié P. Arenas
DEFAB Madagascar ~G. Serpantié i
Frstitian s recheiehe
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Investigations on the artificial synthesis of amphidiploids of Jatropha curcas 1..
with Ricinus communis L.; Intergeneric Genomic Relation

S. Hadi, S. Srisuwan, M. NuangAug, J. Tovaranonte, S. Wongsakul

Abstract

Jatroha curcas L. (2n=2x=22) and Ricinus communis L. (2n=2x=20) are becoming -
commercially important plant since their seeds are rich in oil that can be processed into a
substitute for diesel. Hybridization between J. curcas and R. communis could produce the
potential hybrid with the commercial characteristic such as short plant type, early maturity,
determinate inflorescence, high oil quality and productivity/year competitive with plam cil.
Pollen grain diameter of J. curcas (96um) is 3 times bigger than the pollen grain of R.
communis (36 pm). Therefore, J. curcas was introduced as female parent as determined Hy
pollen grains and ovule size. In vivo pollination test resulted 100% of flowers in the ficld
being aborted within an average of 10 days after pollination. Pollen germination and normal _
growth of pollen tube were observed in 48 hours after pollination. The zygote can develop
during the first week but was failed to set the seed after 2 weeks. This indicates that
intergeneric hybridization between J. curcas and R.communis lack of pre-zygotic barrier and
was inhibited by incompatible between two genomes. In vitro pollination with cultures in MS
medium and the addition of 0.125 mg L-! benzyladenine (BA), singly or combined with 0.12
mg L-! 1- naphtaleneaceticacid (NAA) can prolong the zygote life for up to 57 days. This
study has shown that the in vitro techniques may provide feasible method in the future in
order to obtain new intergeneric oil seed plant. _
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The effect of arbuscular mycorrhizal fungi (AMF) species on the growth
rate of physic nut (Jatropha curcas L.) seedlings.

Supattra Charoenpakdee [a, b], Somporn Chunhaluechanon [c], Bernard Dell [d],
and Saisamorn Lumyong* [a]

[a] Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mai, 50200,

Thailand

[b] Department of Biology, Faculty of Science and Technology, Pibulsongkram Rajabhat
University, Phitsanuloke 65000, Thailand N

[c] Department of Soil Science and Conservation, Faculty of Agriculture, Chiang Mai
University, Chiang Mai, 50200, Thailand

[d] School of Biological Sciences and Biotechnology, Faculty of Sustainabili‘y,
Environmental and Life Sciences, Murdoch University, Western Australia, 6150,
Australia

* Author for correspondence; e-mail: scboi009@chiangmai.ac.th

ABSTRACT --

Physic nut (Jatropha curcas 1..) has a high potential as a biofuel energy source. It was found
associated with a high diversity of arbuscular mycorrhizal fungi (AMF) in Thailand. Seven
sources of pure and mixed AMF spores: Entrophospora sp. CMUO03, Acaulospora sp. no.22,
Glomus etunicatum, Glomus caledonium, Scutellospora sp. CMU33, a commercial produzt,
and mixed species applied at 100 spores were evaluated for their effect on seedling growth
rates, AMF colonization, height, stem diameter, fresh and dry weight of shoot and root. This
study indicated that Scutellospora sp. CMU33 had higher affected on growth of physic rut
seedlings than mixed species, the commercial product, Glomus caledonium, Glomus
etunicatum, Acaulospora sp. no.22, Entrophospora sp. CMUO5 and non-inoculated plaat,
respectively. AMF inoculations significantly increased the height, stem diameter, fresh
weight and nutrient accumulations of physic nut growth as compared to non-inoculated
plants. The results suggest physic nut has a dependency on AMF and the AMF species type
influences the growth of host as physic nut. . :

Keywords: Arbuscular mycorrhizal fungi, growth, Jatropha curcas L., spores
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The effect of arbuscular mycorrhizal fungi (AMF) species on the growth
rate of physic nut (Jatropha curcas L.) seedlings.

Mlle. Supattra CHAROENPAKDEE
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Prof. DlBelnAlm?‘ TNAT e .

Prof. Dr. Somporn Choonluchanon

27 August 2009

UNIVERSITY§

ERTH, WESTERN AUSTRALIA

. Physic Nut
(Jatrophg '

63



Biodiesel Delivery Infrastructure Model

Arrctafl
Detoer

» gl
Fanmer
Recruitment

Transportation from
_Extraction 10 ji et

Biodiesel Facility Blend Biodiesel with petrodiese!

at Bulk Terminal

lobbér Network
delivers el 1o
customer locations

- Low yields
» Low oil contents
* Can not harvest all year
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Plant

AMF

Nutrient uptake

Reference

Medicago spp.

Glomus mosseae,
G. fasciculatum,

. G. caledonium

N,P, K

Monzon and Azcon
(1996)

Perennial ryegrass G. intraradices N, P Hartwig er al
(Lolium perenne (2002)
L.)
Potato (Solanum |2 Peruvian mixed | P, Fe, Mg Davies et al. (2005)
tuberosum L.) isolates and G.
intraradices
Grapevine (Vitis (G. mosseae, G. P,Cu, S Schreiner (2007)

vinifera L.)

intraradices and
Scutellospora

calospora)

rootg

friendiyn
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GLOMALEAN MYCORRHIZAL ASSOCIATIONS

nsoll © 7 B. Storage structures

Sporas produced in sail

Arbuscular Mycorrhizal Fungi

Phylum : Glomeromycota
Order : Glomales
2 Suborder ;

Vasicles in roots

&5

Auxiliary bodies on soil hyphae

Glomineae & Gigasporineae

Mutualistic associations :

soil fungi & plant roots

b

Apprassorium " Epidarmis
at entry point _
Hypodarmis
Intracaliular . Intercellular
hyphae hypha in ai
channol

Brundrett ef al, (1996). Schubler ef a/. (2001) and Sylvia et «f, (2005

Fennel: Foeniculum vulgare
(Kapoor, 2004)

Menthol mint, Mentha arvensis
(Gupta, 2002)
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« RCBD in pot experiment

* § treatments

Acaulospora sp. no.22
Glomus caledonium

Glomus etunicatum

Scutellospora sp. CMU33

Entrophospora sp. CMUO05

Mixed species (20 spores from each‘);

Commercial product




5 kg of soil substrate per seedling per pot
Low P nutrient condition

15 days = Height

90 days - Harvesting

Root colonization , spore density fresh & dry
weight and N-P-K-Ca-Mg accumulations -

10% KOH
0.05% Trypan Blue
121 °C for 15 min

Compound
microscope
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Figure 1 AMF colonization in Jatropha curcas roots. (a) AMF structures near the root
tip (arrow), (b) highly infected root, (c) vesicles (arrows), and (d) arbuscules (arrows).
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Figure 2 Effect of inoculation with AMF on height of physic nut
seedlings compared with the uninoculated treatment, TO = control, T1 =
Acaulospora sp. no.22, T2 = Entrophospora sp. CMU05, T3 = Glomus
caledonium, T4 = Glomus etunicatum, TS5 = Scutellospora sp. CMU33,
T6 = mixed species, and T7= commercial product.

Table 1 Height and total dry weight, and P accumulation over time of
inoculated and uninoculated (T0) physic nut seedlings.

Treitment Itill;gll)lt Total dr)(/g\r)veight P f:gu;)?];ll:ltli:m

TO 11.604+2.29a* 5.82+5.40a 0.75 £0.88a
T1 13.35+3.28ab 10.49+3.90ab 1.06 £0.52

T2 13.10+1.61ab 8.38+£2.53ab 0.83 £0.24a
T3 13.58%1.31ab 9.21£2.01ab 0.96 +0.36ab
T4 13.43+3.33ab 9.13+4.24b 1.03 £0.52ab
TS 15.93+1.51b 13.36+2.09b 1.89 £1.07b
Té6 14.38+2.22ab 12.74+4.03b 1.32 +0.53ab
T7 13.83+2.29ab 11.43+£2.57ab 1.05 £0.29ab

[0 = control, Tl = Entrophospora sp. CMUO5, T2 = Acaulospora sp. n0.22, T3 = Glomus caledonium, T4 =
Glomus etunicatum, TS = Scutellospora sp. CMU33, T6 = mixed species, and T7= commercial product.

*The same letters in each column indicate that there are no significant differences at P < 0.05 using Turkey

test, a=lowest mean value (n=4).
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Table 2 Nutrient accumulation over time of inoculated and
uninoculated (T0) physic nut seedlings.
Treatment iy B L Mg
mg P/ plant mg P/ plant mg P/ plant mg P/ plant
-
= To 13.35£7.18a* 12.21£8.21a 6.90£5.10a 3.90+3.43a
T1 22.99+10.85ab 21.15+8.08ab 7.87+3.72a 8.10+4.07ab
T2 27.7149.81abc  17.37+7.13ab 8.833.02a 7.11+2.54ab
T3 30.88£10.42bc  19.9645.80ab 6.95+2.76a 7.01+1.99ab
T4 22.801+9.68ab 19.31£7.10ab 7.11£2.61a 7.00+3.46ab
Ts 36.51£3.85bc 27.73+£3.48b 11.23+2.01a 10.46:42.66h
T6 42.32+11.57¢ 27.39+6.69b 12.23+3.98a 11.24+3,79b
T7 30.754£7.73bc 24.99+44 47h 9.11+£3.35a 9.63+3.57b
TO = control, T1 = Entrophospora sp. CMUOS, T2 = Acaulospora sp. n0.22, T3 = Glomus caledonium, T4 =
Glomus etunicatum, T5 = Scutellospora sp. CMU33, T6 = mixed species, and T7= commercial product.
*The same letters in each column indicate that there are no significant differences at P < 0.05 using Turkey
El, a=lowest mean value (n=4), -

Results and discussions

* Scutellospora sp. CMU33 > mixed species >
commercial product > Entrophospora sp. CMUOS >
Glomus  caledonium > Glomus — etunicatum >

Acaulospora sp. n0.22 > control: high host range and

host preference (Zhu ez al., 2000)

* No spore under physic nut rhizosphere: more time to
form and collect components for building spores
(Brundrett ef al., 1996)

* AMF in all treatment can promote growth of physic
nut higher than control: Lolium perenne (Hartwig et
al., 2002), Marcaranga denticulate (Youpensuk et al.,
2006), and Capsicum annuum L. (Turkmen et al.,
2008) etc.
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In this study

* AMF can improve growth of physic nut seedlings in
pot experiment.

* Scutellospora sp. CMU33 is the best effective AMF
in physic nut seedling.

* ~Selection of appropriate AMF species for growth
improvement under local conditions is likely to be

- necessary to develop commercial scale production of
physic nut in field.

Thailand Research F;@;n,_d

The Commission on High
Thailand :

Biology of Science, Chiz—i
Thailand a8,

Department of Crop a
Cornell University
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NOM : NGUYEN VAN PRENOM : ......Cuong
Né le May 25, 1970 a Bentre Province, Vietham

Adresse : 15 Rue du Docteur TAVERA
Code postal,: 17000 Ville : La Rochelle
Tél: +33 54627 04 29 Portable : +33 6 42 36 98 97

Mél: cuongdhct@yahoo.com.vn, nvcuong@ctu.edu.vn,
cuong.nguyen van0l@univ-1r.fr

UNIVERSITE D'INSCRIPTION OU ORGANISME DE RATTACHEMENT :

Université de La Rochelle

ECOLE DOCTORALE DE RATTACHEMENT Ecole Doctorale de I'Université

|de La Rochelle
_(a préciser obligatoirement)

NOM LABORATOIRE : Laboratoire- - Maitrise des technologies Agro-

Industrielles
(a inscrire en toutes lettres)

DIRECTEUR DU LABORATOIRE : Pr. Karim ALLAF

DIRECTEUR DE THESE : Pr. Karim ALLAF
Tél: 05 46 45 87 66

Mél : kallaf@univ-Ir.fr 7 5 |
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CURRICULUM VITAE

Name: Claudine CAMPA
Address: Centre IRD de Montpellier, UR188
BP64501
34394 Montpellier cedex 5
France =

Tel : (33) 467 416 243, Fax : (33) 467 416 222
e-mail : campa@ird.fr

EDUCATION
HDR. 2005 Univ. Montpellier IT (France)
Ph. D. 1983 Plant Physiology and Biotechnology, Institut National

Polytechnique, Toulouse (France)

FUNCTION AND TITLE :

1999- present Researcher at IRD, Equipe GECOFA, program head : Chlorogenic acid biosynthesis
in coffee plants

1998-1999 Researcher at IRD, Lab. of Phytopathology, Montpellier (France)

1993-1998 Researcher at IRD, Lab. of Microbiology, Dakar (Sénégal)

1990-1992 Researcher at INRA, Lab. of Plant Metabolism,Versailles (France)

1985-1990 Researcher at IRD, Lab. of Physiology-Biotechnology, Abidjan (RCI)

1984-1985 Researcher at UPS, Lab. of Plant Physiology, Toulouse (France)

1983-1984 Post-doctoral position in Biotéchnology, ENSAT, Toulouse (France)

Professional activities :

2004 Founding Member of the International Network for Coffee Genomics (ICGN) ¥

2003-2006 Participant of the project IFCPAR 2603-1

2003-2006 Participant of the European project [CA4-CT2001-10068 -

1999-present Teaching for the IUP educational program at the University of Montpellier 1
1999-present Many scientific journals reviewer

1996 Co-organizer of an International Symposium on Sahelian Acacias
1986-present Co-supervisor of 3 Ph.D. theses

Fields of expertise :

Plant and Cell Physiology
Biotechnology

Molecular Biology

Gene expression

Structural and functional Genomics

International Partnerships:

2002-2007 Collaborations developed with India (Avesthagen, CFTRI).

2002-2005: Development of reliable transformation system for improvement of coffee trees.
Project funded by IFCPAR, Indo-French Center for the Promotion of Advanced

Research. Indian partner: SPIC Science foundation, Chennai.

2002-2006:  Improvement of Coffee cup quality, INCO-DEV project funded by the European Community.
Involves teams from Uganda (NARO), Céte d’Ivoire (CNRA), Spain (University of Seville) 2nd
France (CIRAD and IRD)
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Professional Society Mem bership:

2007 —present  Botanical Society of America
2002-present Groupe polyphénols (ICP)

1992-2000 International Association for Plant Tissue Culture (IAPTC)
1999-present Association des Universités Francophones (AUF)

List of recent publications :

Guyot R, de la Mare M, Viader V, Hamon P, Coriton O, Bustamante-Porras J, Poncet V, Campa C, Hamon S,
de Kochko, 2009. A Microcollinearity in an ethylene receptor coding gene region of the Coffea canephora
genome is extensively conserved with Vitis vinifera and other distant dicotyledonous sequenced genomes,
BMC Plant Biology, 9 (22): 1-15

Talamond P, Mondolot L, Gargadennec A, de Kochko A, Hamon S,  Fruchier A, Campa C, 2008. Frst
report on mangiferin isolated in leaves of a Coffea sp. (Rubiaceae). Acta Botanica gallica 155 (4): 513-519

Bustamante-Porras J, Campa C, Poncet V, Noirot M, Leroy T, Hamon S, de Kochko A. 2007. Molecular
characterisation of an ethylene receptor gene (CcETR1) in coffee trees. Its relationship with fiuit
development and caffeine content. Mol. Genet. Genomics 277: 701-712

Mahesh V, Million-Rousseau R, Ulimann P, Chabrillange N, Bustamante J, Mondolot L Morant M, Noirot M,
Hamon S, de Kochko A, Werck-Reichhart D, Campa C. 2007. Functional characterization of two p-
coumaroyl ester 3’-hydroxylase genes from coffee tree: evidence of a candidate for chlorogenic acid
biosynthesis. Plant-Mol. Biol. 64: 145-159.

Mahesh V, Rakotomatala JJ, Le Gal L, Vigne H, de Kochko A, Hamon S, Neirot M, Campa C. 2006. Isolation
and genetic mapping of a Coffea canephora phenylalanine ammonia-lyase gene (CcPALI) and its
involvement in the accumulation of caffeoyl quinic acids. Plant Cell Rep. 25:986-992

Mondolot L, La Fisca P, Buatois B, Talansier E, de Kochko A, Campa C-2006. Evolution in caffeoylquinic
acid content and histolocalization during leaf Coffea canephora development. Annals Bot. 98: 33-40

Samson NP, Campa C, Le Gal L, Noirot M, Thomas G, Lokeswari TS, de Kochko A. 2006.
Effect of primary culture medium composition on high frequéncy somatic embryogenesis
in different Coffea species. Plant Cell Tiss Organ Cult. 86: 37-45

Campa C, Doulbeau S, Dussert S, Hamon S, Noirot M. 2005. Diversity in bean caffeine content among wild
Coffea species: evidence of a discontinuous distribution. Food Chem. 91 633-637

Bustamante-Porras J, Noirot M, Campa C, Hamon S, de Kochko A. 2005. Isdlation and
characterization of a Coffea canephora ERF-like c-DNA. Afric. J. Biotechnol.4(2): 157-
159 - - :

Campa C, Doulbeau S, Dussert S, Hamon S, Noirot M. 2005. Qualitative relationship
between caffeine and chlorogenic acid contents among wild Coffea species. Food Chem.
93:135-139

Campa C, Ballester JF, Doulbeau S, Dussert S, Hamon S, Noirot M. 2004, Trigonelline and sucrose diversity in
wild Coffea species. Food Chem. 88(1): 39-43

Campa C, Noirot M, Bourgeois M, Pervent M, Ky C, Chrestin H, Hamon S, de Kochko A. 2003. Genetic
mapping of a caffeoyl-CoA 3-O-methyltransferase gene in coffee trees. Impact on chlorogenic acid content.
Theor. Appl. Genet. 107: 751-756

Bertrand C, Noirot M, Doulbeau S, De Kochko A, Hamon S, Campa C. 2003. Chlorogenic acid content swap
during fruit maturation in Coffea pseudozanguebariae. Qualitative comparison with leaves. Plant Science
165: 1355-1361 bt

Campa C, Diouf D, NDoye I, Dreyfus B. 2000. Differences in nitrogen metabolism of Faidherbia albida end
other No-fixing tropical woody acacias reflect habitat water availability. New Phytol. 147 (3): 571-578

86



1. ¥o 3. AU AT 2550
Saranya SRISUWAN
2. dwumvatlogiiv 919136
3. wiean dnindndnernans
umAImndouiiva 0. e 9. Fee310 57100

Tnsfne 053 916778 Tnsa13 053 916776
E-mail : saranya@mfu.ac.th , srisuwansaranya@hotmail.com

4. sz amsfinm
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GLTPLY

Masters degree ~ 1998-1999 Paris-Sud 11 University, ORSAY, FRANCE
(DEA, ecology) _ Thesis: Photosynthesis activity and water potential of i#.-
vitro eggplant during transplantation.

Masters of 1994-1996  Mahidol University, Bangkok, THAILAND

Science Thesis: Toxicity of cadmium on the growth co-existing
(Environmental with duckweed (Spirodela polyrhiza Linn.) and water
Technology) lettuce (Pistia stratiotes Linn.)

a Ao o a
5. ﬂ"l‘ll'l?‘lﬂﬂllﬂ'ﬂﬂ‘lﬂu'lﬁyﬂlﬁﬂ

- Plant tissue culture, Somatic embryo genesis
- Molecular cytology, Fluorescence in situ hybridization, Genomic in situ hybridization
- Palynology, pollen

6. NUIY

6.1 lnsamsddenninaiouda

Srisuwan S, Sihachakr D, Siljak-Yakovlev S, 2006, The origin and evolution of sweet potato
(I[pomoea batatas (L.) Lam.) and its wild relatives though the cytogenetic approaches, Plant
science, 171, 424-433
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Name:
Date of Birth:
Nationality:

Address Office:

E-mail:

Home:

Telephone:
Education:
1997-2000

2001-2004

2005-present

CURRICULUM VITAE

Miss Supattra Charoenpakdee

10 December 1978

Thai -

Department of Biology, Faculty of Science, Chiang Mai
University, Chiang Mai 50200, Thailand

ansupattra@gmail.com

28/1-3 Moo 10 Dantawan Nhuer, Sutep Road, Muang, Chiang Mai
50200, Thailand

66 89 2659166 -

Chiang Mai University, Thailand B.Sc.  (Agriculture).  Project
entitled “Effect of 2,4-D and BA on Shoot Inducement of Geranium
leaf In Vitro” -
Chiang Mai University, Thailand M.S. (Agriculture). - Thesis
entitled “Analysis of Genetic Variation Associated with Flower
Characteristics of Genus Rhynchostylis”

Chiang Mai University, Thailand Ph.D. student (Biodiversity and
Ethnobiology). Dissertation entitled “Biodiversity and Beneficial
Effects of Arbuscular Mycorrhizal Fungi Associated with Physic

Nut (Jatropha curcas L.), a Potencial Biofuel Plant in Thailand"

Working experiences:

2002-2003

2004-2005

2006-2008

Assistant researcher of the Development of Economic Flower Crop
(Orchid). Received a fund from Thai Government Budget. Working at
Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200,
Thailand

Assistant researcher of HIV/AIDS Orphans and Vulnerable Children
and Supporting Systems in Northern of Thailand, the Commission on
Higher Education. Working at Faculty of Nurse, Chiang Mai
University, Chiang Mai 50200, Thailand

Assistant researcher of the microbial usefulness for sustainable

agriculture in Thailand, Thailand Research Fund.
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2008-2009 Researcher of the Organic Sweet Pepper production Using Bio-
extract in Hydroponic Culture on Pong-yang Mae-Rim District
Chiang Mai Province for Replacing Chemical Nutrient Fertilizer

= Using, National Research Council of Thailand™

Training experiences:

2004
Workshop on Leadership Ability Team Building and Development in October
2004, Thailand.
2005 .
Amersham Sciences Train Courses PS1-The Protein Purification Techniques and
Strategies in April 2005, Thailand.
Workshop on Microbial Commercialisation and Entrepreneurship in October
2005, Thailand. -
2006 i
Workshop on Unculturable Microbes: Molecular Techniques and Biotechnology
Application in January 2006, Thailand.
Workshop on Training to be Teaching Assistant in Biology Courses in May 2006,
Thailand.
Workshop on Mycorrhizas: Taxonomy, Culture, and Usefulness in September
2006, Thailand. (Speaker)
2007
Workshop on Increasing Community Income Using Economic Mushroom: Straw
Mushroom Cultures in October 2007, Thailand.
Workshop on Mycorrhizas: Improvement Plant Yields and Commercial
Productions in March 2007, Thailand. (Speaker)
Workshop on Tissue Culture: Conservation in March 2007, Thailand.
Workshop on Fresh Algae: Taxonomy, Culture, and Usefulness in April 2007,
Thailand.
2008

Training on Molecular microbiology: T-RFLP & Cloning technique in May-July
2008 at Cornell University, USA.
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Training on Workshop on Fungal Phylogenetic Analysis at Mae Fah Luang
University, Chiang Rai, Thailand, 24-27 November, 2008. |
2009
Seminar on Peace Revolution: Peace Language Communication Beyend
Boundaries at Pathum Thani, Thailand, 1-13 Febuary 2009.
Workshop on Mycorrhizas for Organic Agricultures at Faculty of Science, Chiang

Mai University, Chiang Mai, Thailand, 22-23 April 2009. (Speaker)
Poster presentation:

Supattra Charoenpakdee and Weenun Bundithya. 2004. Comparisons of PCR Conditions
" for Some Orchid Genus, Ag-Biotech Graduate Conference 1. 18-19 March, 2004,
Rama Gardens Hotel. Bangkok, Thailand.

Supattra Charoenpakdee, Somporn Chunhaluechanon, Bernard Dell, Boonsom Bussabzn,
_ Pipob Lumyong, and Saisamorn Lumyong. 2008. Arbuscular mycorhizal furgi
associated with physic nut (Jatropha curcas L.) in Thailand: Comparison of
commercial crops and amenity plantings, 12th International Congress of Mycology.

5-9 August 2008, Istanbul, Turkey
Oral presentation:

Supattra Charoenpakdee, Somporn Chunhaluechanon, Bernard Dell, Pipob Lumyong, and
Saisamorn Lumyong. 2006. Biodiversity of Arbuscular Mycorrhizal Fur:lgi
Associated with Physic Nut (Jatropha curcas L.) in Thailand. 2006. The Technical
Meeting of the senior Research Scholars’ Projects in Fielded Crop. 3-4 Decembc‘:r,
2006. Mae Hia Agricultural Research Station and Training Center, Chiang Mai
University. Chiang Mai, Thailand.

Supattra Charoenpakdee, Somporn Chunhaluechanon, Bernard Dell, Boonsom Bussaban,
Pipob Lumyong, and Saisamorn Lumyong. 2007. Arbuscular Mycorrhizal Fungi
associated with the Biofuel Plant Physic Nut (Jatropha curcas L.) in Thailand.
2007. The 5™ International Symposium on Biocontrol and Biotechnology. 1-3
November, 2007. Khon Kaen University, Nong Khai Campus. Nong Khai,
Thailand.
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Supattra Charoenpakdee and Saisamorn Lumyong. The effect of arbuscular mycorrhizal
fungi (AMF) species on the growth rate of Jatropha curcas L. in Thailand.
International conference on L'energie des plantes; l'energie de demain?: Energy
from plant; energy for tomorrow?. 27-28 August, 2009. Mae Fah Luang University,
Chiang Rai, Thailand. (accepted)

-

Publications:

Supattra Charoenpakdee and Weenun Bundithya. 2005. Analysis of Genetic Variation
Associated with Flower Characteristics of Genus Rhynchostylis. Journal :of
Agriculture, Chiang Mai University. 21(2): 99-106. i

Supattra Charoenpakdee, Bernard Dell, Somporn Chunluechanon and Saisamorn
Lumyong. Association between arbuscular mycorrhizal fungi and the biofuel crop
Jatropha curcas L. in Thailand (in progress). A

Supattra Charoenpakdee, Janice E. Thies, Brendan O’Neill and Saisam'{)rr_l Lumyong. A
comparison of Arbuscular Mycorrhizal Fungi (AMF) communities in roots and
rhizosphere of physic nut (Jatropha curca Lin.) in Chiang Mai, Thailand. Journal of
Science CMU (in progress).

Supattra Charoenpakdee and Saisamorn Lumyong. Host preference of arbuscular
mycorrhizal fungi to spore production for potential inocula and species

confirmation of Entrophospora sp. and Scutellospora sp. (in progress).

92






	CCF_000196.pdf (p.1-16)
	CCF_000197.pdf (p.17-28)
	CCF_000198.pdf (p.29-42)
	CCF_000199.pdf (p.43-58)
	CCF_000200.pdf (p.59-70)
	CCF_000201.pdf (p.71-90)
	CCF_000194.pdf (p.91)
	CCF_000195.pdf (p.92-94)

