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ABSTRACT

The objective of this work was to determine the quantity of oil and hydrocarbon in latex
plants for liquid fuel. Eleven species of the latex plants in Euphorbiaceae, Asclepiadaceae,
Moraceae, and Apocynaceae were selected as samples. These plants were prepared and classified
by solvent extraction using acetone, hexane, ethanol and cyclohexane for oil, hydrocarbon, and
polyphenol fractions, these compounds being commonly known as biocrude. All extractable yields
then were weighted and further characterized for elemental analysis and composition by CHNS/O
analyzer and GC/MS, respectively. In addition, all obtainable data were statistically processed
using one way ANOVA and DMRT.

The results demonstrated that the biocrude ranging from 4.78%-18.13% were produced,
with the highest yield appearing with E antiquorum L. (18.13%). For oil, hydrocarbon, and
polyphenol yields ranging from 1.89%-6.11%, 0.004%-1.93% and 3.55% to 12.23% were obtained
respectively, while E. neriifolia L. (6.11%), P. tithymaloides (L.) Poit. (1.93%), and E. antiquorum
L. (12.23%) exhibited the highest oil yields, the greatest amount of hydrocarbon and polyphenol
fractions, respectively. The characteristic of these fractions are that they are comprised of carbon,
hydrogen, nitrogen, and oxygen, in which the major component in oil and hydrocarbon fractions
are fatty acid and paraffin series, including terpene and naphthene in minor proportion. In
addition, a small portion of the aromatic and heteroatom compounds were present. In
consideration of the H/C ratio, it appeared that extractable biocrude, oil, hydrocarbon, and
polyphenol ranged from 1.59-2.13, 1.60-2.15, 1.42-1.76, and 1.95-4.94 respectively, which is
similar to crude oil (1.81), fuel oil (1.68) and gasoline (2.08). These results demonstrated that all
eleven-plant species of latex plants are potentially energy producing plants with the promising

plants in Euphorbiaceae of interest for further development.
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CHAPTER 1
INTRODUCTION

1.1 State of the problem.

At present, the mankind is influenced by energy because of the expansion of
production and industrial sector. The final demand energy and fuel continuously
increase it as to the energy prices especially for oil. At the same time, the energy and
fuel is mostly derived from the natural resources are depleted. For this reason, the
efforts have been made to explore and develop other potential energy sources to
accommodate the increasing demand.

Renewable energy, is inexhaustible and alternative energy are considered
potential options, which will help to reduce not only the country's dependency on
imported energy but also risks of volatility of imported fuel prices. Moreover,
renewable energy is mostly derived from natural resources and hence considered clean
and environmentally friendly. However, there exist some hindrances to the
development of renewable energy and the costs of harnessing renewable energy
resources are still high compared with the costs of using commercial energy.
Consequently, the researches into various renewable energy and alternative energy
sources are remarkably considered.

Accordingly, discovery of the living organism compounds such as heme (the
constitute of hemoglobin, which is responsible for oxygen transportation in the
bloodstream) and chlorophyll (the green pigment of plants which catalyzes the
photosynthesis process) in the coal and petroleum (Schobert, 1990). Therefore, the
assumption was the petroleum and coal are derived from once-living organisms.
Furthermore, the knowledge of the plants can store their sunshine in the form of
carbohydrate (wood, cellulose, starch, or sugar) or some species of plants can take the

carbohydrate and reduce it all the way to hydrocarbon (Calvin, 1978). From the above
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reason and the previous studies have been conducted on plant species containing
hydrocarbons such as terpenoides, phenolics, and aliphatics (Buchanan et al., 1978a,b,
Erdman and Erdman, 1979), which are conversed to liquid fuel or chemical substance
(Weisz et al., 1979). This is the reason why plants are interested to be used as
substitution for petroleum.

Especially the latex plants were interested because their molecular structure is
similar to the petroleum, the molecular weight are 20,000 and carbon compounds are
Cis, Cy, and Cgz (Calvin, 1978) so these proper quality for converting to liquid fuel
(Nielson et al., 1979). Furthermore, the latex plants do not need more take care. They
widely distributed in various habitats including on arid and semiarid regions such as
saline lands, rocky areas and ravine lands etc. In addition, these plants are very hardy,
tolerate different levels of moisture and temperature and possess adaptability to
various soils (Varma and Behera, 2003). Besides, these plants are not food, fiber and
economic crops but they are appropriated for alternative energy (Mclaughlin et al.,
1983). In 1978 Calvin has introduced the latex plants that appropriate potentially to
producing oil, which are in diverse families such as Euphorbiaceae, Asclepiadaceae,
Moraceae, Moreover, Bagby (1981) has also suggested the plants in the families of
Anacardiaceae, Caprifoliceae, Compositae and Labiatae. For Thailand, we have a lot
of species in these families that suitable for evaluating as potential sources of
hydrocarbon. Nevertheless, research on the appropriate latex plants and the partially of
hydrocarbon, for replacing fuel oil plants in Thailand is quite lacking. Therefore, it is
reasonable to investigate all these plant, in order to see if they are potentially source of
energy for Tailand. In this work, various fractions of oil and hydrocarbon in latex
plants and also the components of hydrocarbon from plants are evaluated for
alternative source of energy. And the plants in four families which produce latex in
Thailand, were evaluated and analysed using solvent extraction, then the extractable

fraction refered as oil, polyphenol, and hydrocarbon
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1.2 Objectives
The objectives of this work are:

1.2.1  To quantify biocrude, oil, hydrocarbon, from latex plant.

1.2.2  To characterize the extracted oil, hydrocarbon and polyphenol fraction
from the individual plants.

1.3 Hypothesis

1.3.1 The latex plants in four families have the different quantity of oil yield.

1.3.2 The quality of oil and hydrocarbon from latex plants in four families,
are the same.

1.4 Scope of the study
This work is focused on
1.4.1 11 plants in four families of latex plants such as;
Euphorbiaceae: Euphorbia tirucalli L.
E. antiquorum L.
E. millii Des moul
E. neriifolia L.
Pedilanthus tithymaloides (L.) Poit., and
Jatropha multifida L.
Asclepiadaceae: Calotropis procera R.Br. (white-flowered)
C. procera R.Br.(purple-flowered) and
Cryptolepis buchanani Roem.& Schult
Moraceae : Artocarpus heterophyllus Lam
Apocynaceae : Allamanda cathartica L.

1.4.2 These plants were evaluate by using solvent extraction such as acetone,
hexane, ethanol 87.5% and cyclohexane to produced three fraction--oil, hydrocarbon
and polyphenol and weighting by dry weight basis.

1.4.3 Evaluation of the elemental components (carbon, hydrogen, nitrogen and

oxygen) by CHNS/O Analyzer and the extracted were analysed composition of oil and
hydrocarbon fraction by GC/MS.
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1.5 Expected Results

1.5.1 The plant species which appropriate for developing to substitute energy
from fossil.

1.5.2 The quality of hydrocarbon extracts can convert to liquid fuels.

1.6 Conceptual Framework.

Species of plant used in this work

Euphorbia tirucalli L.

E. antiquorum L. ﬁl Individual mature plants
E. millii Des moul

E. neriifolia L.
Pedilanthus tithymaloides (L.) Poit

Jatropha multifida L.

S

Calotropis procera R.Br (white-
flowered)

8. C. procera R.Br. (purple-flowered)

9. Cryptolepis buchanani Roem.& Schult
10 Artocarpus heterophyllus Lam.

11. Allamanda cathartica L.

Quantity

e oil fraction

e hydrocarbon fraction

e polyphenol fraction

Quality

e elemental components (C, H, N, and O)

e composition of oil and hydrocarbon
fraction

Figure 1-1: Conceptual Framework
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CHAPTER 2

LITERATURE REVIEWS

2.1 Source of fuels

All fuel energy on the earth was derived from the sun through the
intermediate function of a growing plant. Green plants are stimulated by energy from
the sun to synthesize more plant tissue from water and carbon dioxide. Only plants
containing chlorophyll are capable of carrying on this tissue synthesis which is known
as photosynthesis. Hence chlorophyll is the chemical basis of all life and the source of
all fuels.

Naturally, we can classify the fuels in three broad classes such as solid (coal),
liquid (petroleum) and gaseous (natural gas) (Steineer, 1946 and Schobert, 1990) Coal,
petroleum and natural gas are materials, which appear to be radically different in
physical properties and molecular composition. Coal is a heterogeneous solid having
an ill defined and quite variable macromolecular structure. Petroleum is a
homogeneous liquid solution containing several hundred to several thousand
individual chemical compounds. Natural gas is gas; as it is delivered for use it
generally contains greater than 90% of a single chemical compound-methane
(Schobert, 1990). Besides that, the predominant element (on a weight basis) of these
fuels is carbon. Coals contain 65% to 95%, petroleum usually ranges from 82% to
87%, and natural gas contains about 75% carbon. Not only are these fuels linked by
containing a preponderance of carbon, but they are form from either plants or animal
matters (Steineer, 1946 and Schobert, 1990). There are several lines of evidence
support this conclusion. Firstly, the compounds were extracted from petroleum
providing strong evidence for biological origin is the porphyrins, and two of the most
important chemical compounds in the world are porphyrins-chlorophyll and heme.
Secondly, petroleum contains compounds, which are optically active, found in nature

and derive only from living organism. Third, coal contains readily identifiable plant
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remains range in size from spores and pollen through leaves and branches (Schobert,
1990). For these reasons, the fuels found in the nature, which are believed to have
been formed from both plant and animal matter through a process that began in past
geologic ages. And they are particularly important to focus on the transformations of
carbon in biological systems. So we consider the global carbon cycle as illustrated in

Figure 2-1.

Carbon dioxide

in the oceans Carbon dioxide in the Carbonate rocks

/ \

» Dead
organisms

Figure 2-1 The global carbon cycle

According to Figure 2-1, the carbon cycle is illustrated by atmospheric carbon
dioxide being taken into plants, passing through animal, accumulation as dead
organisms that decay to release carbon dioxide back to the atmosphere. The process of
carbon cycle for fuels formation is the carbon transformation into the plants and
animals and accumulating as dead organisms. The first reaction of concern for the fuel

is photosynthesis reaction can be represented as

6CO; +6H.O —» 6CsH1206 + 60,

In this equation the production (CgH1,06) is a six-carbon atom sugar, a class
of compounds know as hexoses, of which glucose is an example. The hexoses formed
during photosynthesis are used by plants as the energy source for the biosynthesis of
many other compounds necessary for their life processes (Schobert, 1990)
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The subsequent biochemical transformations of the hexose into other plant
components such as wood, fats, and proteins. The carbon, once incorporated into
plants by photosynthesis, then passes through the biological food chain. The plants
itself may live out its life cycle and die, or it may be eaten by an animal. The plant-
eating animal may itself live out a normal life, or it may be consumed by another
animal higher on the food chain. At the end of life and the inevitable result, the plants
and animals die and begin to decay.

The decay process can be thought of as the reverse of photosynthesis and can
be represented as

6CsH1205 + 60, 60, +6H,0

With the complete decay of the dead organisms, the carbon accumulated in
the organisms during their life processes is returned to the atmosphere as carbon
dioxide, completing the carbon cycle (as figure 1). From the carbon cycle, it shows
that it is impossible for accumulations of carbon to form fuels. But the experienced an
organic chemistry laboratory course explain that the most organic reactions do not
proceed cleanly to a single product. In nature over 95% of the organic matter
accumulated in dead organisms returns to the atmosphere as carbon dioxide via the
decay process, but a small portion, less than 5%, is preserved as accumulated organic
sediments. In other words, the reason we have large useful deposits of gas, petroleum,

and coal is that the decay reaction is 95% completed.

The conversion of accumulated organic matter into fuels is represented in

Figure 2-2.
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Organic Matter

Fuel

v

Decay Reactor

—
NN

Oxygen Carbon dioxide

Figure 2-2: The conversion of accumulated organic carbon matter

into fuels and carbon

From refining the petroleum, it can separate the importance compounds as

follows;

Table 2-1 The importance compounds from the refining petroleum

- Number of
Boiling . A
Compounds ) Class carbon atom in Utilization
molecule
natural gas <40 gas C.-C,4 Fuel for heating and cooking
petroleum ether 30-100 liquid Cs-Cy solvent
gasoline** 40-180 liquid Cs-Cyp Gasoline oil
kerosene 180-250 liquid Cun-Cyp Fuel for jet plane and lamp
diesel oil 250-300 liquid C13—-Cu diesel oil
furnace oil 250-350 liquid Ci—-Cyqy Fuel in electricity plants and
industry

lubricating oil 305-405 liquid Cis—Cys lubricating oil
grease 405-515 Semi-solid Cis—Cyxp To lubricate
paraffin wax 405-515 Semi-solid Cos— Cas Use for tallow candle and wax
asphalt 405-515 Semi-solid Css . To spill onto street

Source : Commission on higher education (1995)
Remark: * The most component of natural gas is methane, which does not has color and odor.
** Benzene oil (gasoline oil) is the composition of straight chain or branch chain of
hydrocarbon.

2.2 The Biochemistry of Plants

According to Calvin (1974) mentioned, the photosynthetic can convert the
sunlight to energy and plants store that energy as the chemical compound which may
be used for some liquid fuels or for a wide variety of chemical product. The chemical

compounds of plant materials for liquid fuels or organic chemicals from extent plants



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Tech. for Resou.&Env. Dev.) / 9

rather than from fossil sources (Wang and Huffman, 1981) can separate to several

groups as follows:

2.2.1 The chemical use of lignocellulosic material

1. Cellulose: Cellulose the most abundant organic material on earth, is
a linear polymer of anhydroglucose units. It can also be hydrolyzed to glucose by a
number of rules. However, the hydrolysis is not as facile as that of starch. The
conversion of cellulose to glucose is the first step in the potential large-scale chemical
utilization of cellulose. The greatest potential importance is the fermentation of
glucose to ethanol by commercially proven processes with high yields. Ethanol is an
important industrial chemical used as a solvent or as a starting point raw material for
preparation and synthesis of many organic chemicals and it also has great potential to
be used as a liquid fuel and as a petrochemical substituted.

Ethanol is now produced by hydration of ethylene — a petrochemical derived
from crude oil. The dehydration of ethanol to ethylene, the reverse reaction to present
ethanol formation from ethylene, also proceeds in high yield

Similarly, butadiene can be readily obtained from ethanol. Both ethylene and
butadiene are important petrochemicals and have wide applications.

The ethanol could produce ethylene in 96% yield and could also be converted
to butadiene in 70% yield be processes which have been proven commercial (Faith et
al., 1965 citing Wang and Huffman, 1981). Sugars, produced from the hydrolysis of
cellulose, can also serve as the raw materials for the anaerobic production of
hydrogen. Hydrogen is a clean and recyclable fuel and the use of hydrogen in energy
systems has attracted some attention.

Currently, the major technical problem in cellulose conversion to chemical
feedstock lies in the improvement of cellulose hydrolysis to overcome problems of
rate of reaction and decomposition of sugars resulting from the relative chemical
inaccessibility of cellulose. Some recent improvements have substantially increased
the sugar yield on the experimental basis, such as removing the hemicellulose in a
previous step or weakening the cellulose structure by pretreatment, allowing acid

hydrolysis yield to approach 90% (Bungay, 1979 citing Wang and Huffman, 1981).
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2. Hemicelluloses: Hemicelluloses are polysaccharides, which are short, or
branched polymers of five-carbon sugar, such as xylose, or six-carbon sugars other
than glucose. They are more readily hydrolyzed by acid than cellulose and,
consequently, are easily converted into simple sugars under mild conditions.

Hydrolyzed hemicelluloses, pentoses and hexosed are also present in the
waste streams produced during chemical pulping; e.g., sulfite waste lignin contain
approximately 2 mill tons/year of free sugars, principally hexoses, which could be
used for the fermentation of ethanol (National Research Council, 1976). Sugar from
hemicelluloses, such as xylose, can also be used to produce hydrogen (Andersen et al.,
1979 citing Wang and Huffman, 1981)

3. Lignin: Lignin is a three-dimensional random polymer formed from
phenylpropane units. It becomes soluble on heating in alkali or certain organic
substances. It constitutes a potential source of aromatic chemicals such as benzene and
phenol, which are considered to be very important petrochemicals. The conversion of
lignin to simple compounds requires some drastic hydrogenation and hydrogenolysis
processes similar to those contemplated for coal. According to a previously report
(Crawford, 1980 citing Wang and Huffman, 1981), production of useful chemicals
from lignin by microbiological conversion is also possible and research in this field is
being conducted. A scheme of potential utilization of lignin as a chemical feedstock is
given as follows:

Hydrogenation

Lignin — Phenolic mixture — Phenol — Phenolic resin

Benzene

2.2.2 The chemical use of starch
1. Starch: Starch is considered to be the most abundant reserve
polysaccharide available to man; its synthesis takes place vigorously in the grains of
cereal plants. Starch, like cellulose, is a high polymer composed of glucose units. The
molecules of these polymers differ only in the manner in which the glucose units are
joined together.
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Normally, starch contains about 20% of a water-soluble fraction called
amylose, and 80% of a water-insoluble fraction called amylopectin (Morrison and
Boyd, 1973 citing Wang and Huffman, 1981). Upon treatment with acid or under the
influence of enzymes, the components of starch are readily hydrolyzed progressively
to dextrin, moltose, and finally glucose. Normally, hydrolysis of starch gives a good
yield of glucose. As mentioned previously, glucose is the fermentable chemical used
to produce ethanol, which can further be converted to ethylene and butadiene. Hence,
starch can also be used directly to produce hydrogen, which is currently being
considered as a clean and recyclable fuel.

2.2.3 The chemical use of exudation and extractives

1. Plant latex: Latex is the milky fluid found in specialized cell
(laticifers) of plants. Latex has been reported to occur in 12,500 plant species
belonging to 900 genera, which can be placed in 20 family (Calvin,).

Latex contains an assortment of substances, both in solution and in
colloidal suspension. Such ingredients represent minute granules or particles in
suspension as hydrocarbon, resins, essential oils, balsams and camphor. In addition,
carbohydrates, organic acids, mineral salts, alkaloids, sterols, fats, tannins and
mucilage may be present. Of these substances, the hydrocarbon and the resins are the
principal components (Shukia and Krishna, 1971).

Normally, the hydrocarbon found in plant latex are polymer of isoprene
(CsHg) ranging from relatively large molecules, such as natural rubber (molecular
weight: 500,000-2,000,000), to the relatively small molecules, such as some
petroleum-like materials (molecular weight: 50,000 or less). This indicates a relatively
small molecule more like petroleum than rubber (Calvin, 1977). More recently, a great
deal of interest and speculation has risen concerning the use of plant latex as a
substitute for petroleum because it contains a mixture of light hydrocarbons which
have a molecular weight 20,000. Hence, after the water is removed from the latex the
resulting material is the liquid oil. Nielson et al. (1977, 1979) found the hydrocarbon,
which are primarily blends of Cys, Cy, or C3o compounds in Euphorbia.

2. Plant resin: Resin is usually found in cell and cannel in a wide

variety of plants and plant parts. Plant resins include a number of terpene compounds
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and their derivatives. The parent hydrocarbons, on which the various derivatives are
based, have carbon structure, which may be regarded as being built up of isoprene
units (CsHg). They are classed, according to their molecular size, as monoterpenes
(CioH16), sesquitepenes (CisHa4), diterpenes (CxoHsp), and triterpenes (CzoHag).
Derivatives of these, containing hydroxyl, carboxyl, and other substituting groups also
occur (Farmer, 1967 citing Wang and Huffman, 1981).

3. Essential oils: Essential oils are widely distributed through the plant
kingdom. They consist chemically of a variety of organic substances, including
benzene derivatives, terpenes, and various other hydrocarbons and straight-chain
compounds

They usually occur as mixtures of more than one oil. In comparison
with other oils, essential oils have smaller molecules, ordinarily fewer than 20 carbon
atoms. They may be readily extracted from plant tissues by stream distillation,
expression, or solvent extraction.

4. Vegetable oils and waxes: Oils and waxes are common in many
plant species. Oils are found abundant in seeds, and waxes are normally rich on the
surface of leaves or stems. Chemically, oil and waxes are very similar and consist of
fatty acid and their derivatives. The utilization of vegetable oils and waxes for energy
and chemicals has been the subject of much discussion in a recent year (Wang and
Huffman, 1981). Systematic screening programs for oil-producing crops and research
to obtain good vegetable waxes from diverse plant materials have been undertaken and
some promising candidates for new crops with seed oils of various fatty acids have
been reported. Expanding and new uses of vegetable oils are expected because some
of them can be used inexpensively as alternatives to petrochemicals (Wang and
Huffman, 1981), and as sources for long-chain aliphatic compounds. Vegetable oils
are combustible and some of them will combust in diesel engines. Normally,
considerable amounts of heat can be produced from the combustion of these oils. The
average heat value of common triglyceride oils is equivalent to that normally obtained
from fuel oil.

5. Terpene: Terpenes constitute a widely represented group of
substances. Although they show wide structural diversity, they share a common
characteristic: they are built from 2 (monoterpenes), 3 (sesquiterpenes) or more
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isoprene (CsHg) units. The terpenes are widely distributed in plants and biochemistry
from which carotenoids, steroids and rubber are also formed. It is formed from acetyl-
CoA that plays a role in the synthesis and oxidation of sugars.

2.3 Hydrocarbon Plants

The knowledge of the natural green plant captures the carbon dioxide from
the atmosphere and with the aid of sunshine, separates hydrogen from the water to
reduce the carbon dioxide to carbohydrate, which there is only one oxygen atom on
each carbon atom. These plants store their energy as in the form of carbohydrate (such
as wood, cellulose, starch, or sugar). Eventually, some species of plants can take the
carbohydrate and reduce it all the way to hydrocarbons, with no oxygen at all on the
carbon atoms. The plants store their energy as hydrocarbon especially latex plants.
There are a lot of latex-producing plants in diverse family that has the detail as

follows:

2.3.1 Euphorbiaceae

The Euphorbiaceae are mostly monoecious herbs, shrubs, and trees,
sometimes succulent and cactus-like, comprising one of the largest families of plants
with about 300 genera and 7,500 species that are further characterized by the frequent
occurrence of milky sap. The leaves are mostly alternate but may be opposite or
whorled and they are simple, or compound, or sometimes highly reduced. Stipules are
generally present but may be reduced to hairs, glands or spines. The flowers are
unisexual and usually actinomorphic. The short descriptions of the species in this
family of Thailand are given below.

1. Euphorbia tirucalli L.: E. tirucalli L. is an erect, glabrous, unarmed
shrub or small tree 2 to 5 m. high. The branches are green, somewhat fleshy,
cylindrical clustered or scattered, the ultimate ones about 5 mm. thick. The leaves are
few and scattered linear-oblong, 1 cm. long or less which fall off soon. The flowers are
inconspicuous.

2. Euphorbia lactea Haw.: This species is a succulent herb with
branches like candelabras, erect, spines in pairs 2-3 inches long, branches three angled,

main stem 5-angled, with white stripes along the middle of the stem and branches.
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3. Euphobia millii Des moul: Euphobia millii Des moul is an erect
shrub, succulent, spiny, bark brown to grayish; younger branches c. 8 mm in diameter.
Spines in spirals or indistinct rows, not on spine shields, solitary or in groups of 3 or
more, 16 - 25 mm long, gray to brown. Indumentum absent. Leaves alternate or in
indistinct rows, subsessile; blade obovate-elliptic, ¢c. 1.5 - 5 by 0.8 - 2 cm, base
attenuate to rounded, margin entire, apex obtuse to acute or mucronate, venation
hardly visible. Cyathia several in exserted dichasia with long peduncles; bracts at
branching 2 mm long, membranous, inconspicuous; bracts below cyathia in pairs, red
or yellow or white or in various colours, showy and petaloid, 1 - 2 cm long; cyathia
sessile in bracts, glands 4, without appendages. Fruits and seeds not seen, the seeds
described as 3 - 4 mm long, brownish (National Park, Wildlife and Plant Conservation
Department, 2005).

4. Pedilanthus tithymaloides [L.] Poit: P. tithymaloides is a hendge
plant with fleshy, zigzag stems and pointed leaves that fall off early. The flowers are
bright red with bracts about 1 inch long, enclosing the flowers, slipper-like. Var
Variegata Hort. is a commonly cultivated form with white variegated leaves and
stems, the leaves are often curled.

5. Euphobia neriifolia L.: Succulent, shrubby plant with stout,
rounded 4-5 angled branches; stout sharp spines; leaves 5-15 cm. long, rounded mostly
on young branch tips.

6. Jatropha multifida L.: J. multifida Linn is a shrub 2 or3 meters
high. The petioles are as long as the leaves. The leaves are alternate, 15 to 30 cm. long
and divided nearly to the base into about 10 rather narrow lobes, which are in turn
frequently lobed. The flowers are red and 5 to 6 mm. long. Somewhat three-angled,

the capsule is about 2 cm. long.

2.3.2 Asclepiadaceae.

The Asclepiadaceae are mostly herbs and shrubs with white sap
comprising about 250 genera and 2,000 species, many of which are lianous and some
of which are like cactus succulents with reduced leaves. The leaves are simple and
nearly always opposite or whorled; minute stipules are present. The flowers are

bisexual, nearly always actinomorphic, and usually include an elaborate crown or
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corona of nectariferous appendages between the corolla and sexual parts. The calyx
consists of 5 distinct or basally connate sepals. The inner perianth is a 5-lobed
sympetalous corolla. The androecium and gynoecium are nearly always adnate into a
gynostegium with five highly modified stamens and a massive, 5-lobed stigma. The
anthers usually produce paired sacs of pollen called pollinia that are transferred as a
unit during pollination. The gynoecium consists of a single compound pistil of two
nearly distinct carpels that are separate at the level of the ovaries and styles and are
united only by a single massive stigma. The ovaries are distinct, nearly always
superior, and each has a single locule with numerous marginal ovules. The fruit is a
follicle. Seeds usually have a tuft of hairs at one end.

1. Calotropis procera R.Br.: Shrubby tree with young stems and
inflorescences cottony pubescent. Leaves oblong, obovate or panduriform, rather
thick, cottony tomentose when young, frequently glabrescent when fully developed.
Flowers in long-peduncled, umbel-like or occasionally pure white, rotate, glabrous;
the lobes much longer than the radius of the united portion, ovate, valvate in bud.
Corona in one series, of five segments adnate to the staminal column for their total
length, strongly compressed laterally, keeled on the back, with two small teeth just
below the top and a spur curved upwards at the base. Anthers with the connective
produced into a membranous tip; pollen-masses solitary in each anther-loculus,
pendulous elongate, drop-shaped, without a pellucid margin. Merocarps half-ovoid,
thick and fleshy slightly corrugated (Dassanayake and Fosberg, 1983).

2. Calotropis gigantea (L.) R.Br.: A tall shrub, it reaches 2.4-3 cm.
high; it is very like C. procera, but more nearly a tree; bark, yellowish white,
furrowed; branches stout, terete, more or less covered (especially the younger ones)
with fine appressed cottony pubescence. The leaves measure 10-20 cm. by 3.8-10 cm.,
are sessile or nearly so, elliptic-oblong or obovate-oblong, acute, thick, glaucous-
green, clothed beneath and more or less above with fine cottony tomentum; base
narrow, cordate. Flowers are purplish or white, 3.8-5 cm. petioles, 5-9 cm. long,
dilated at the base; pedicles are much longer than the flowers, covered with cottony
wool; buds ovoid. Calyx divided to the base; sepals 6 by 4 mm., ovate, acute, cottony.
Corolla 2 cm. long or more; follicles 9-10 cm. long. Seeds are numerous, 6 by 5 mm.;
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broadly ovate, flattened, narrowly margined, minutely tomentose, brown; coma 2.5-
3.2 cm. long.

3 Cryptolepis buchanani Roem.& Schult: A glabrous, woody twiner.
Leaves ovate to obvate, with numerous, straight lateral veins diverging almost
horizontally from the midrib. Flowers in rather lax, peduncled, axillary cymes. Calyx-
bobes ovate-oblong, obtuse. Corolla yellowish-white, glabrous without; tube about as
long as calyx; the lobes much longer than the tube, oblong-linear, contorted in bud and
produced into a narrowly conical beak.Corona of five fleshy oblong-spathulate scales
notched at the apex, rather stout, slightly flattened dorsally.

A palaeotropical genus ranging with several species from tropical
Africa through India to South China and Malesia. In Ceylon represented by one

species only (Dassanayake and Fosberg, 1983).

2.3.3 Apocynaceae

The Apocynaceae are trees, shrubs or sometimes herbs, usually with
milky sap comprising about 200 genera and 2,000 species. The leaves are simple,
usually opposite and decussate, or whorled; stipules are usually absent. The flowers
are bisexual and actinomorphic or sometimes weakly zygomorphic. The calyx is
synsepalous and usually 5-lobed. The corolla is sympetalous and usually 5-lobed. The
stamens are distinct, as many as corolla lobes and alternate with them and adnate to
the corolla tube (or perigynous zone). The anthers are introrse and commonly adherent
to the surface of the stigma. The gynoecium consists of a single compound pistil of 2
carpels that may be distinct at the level of the superior or rarely partly inferior ovary
but which are united by a single style. When distinct, each ovary typically has few to
numerous ovules on marginal placentae; when connate, the placentation is axile or
intruded parietal. A nectary consisting of 5 glands or an annular ring is usually found
at the base of the ovary. The fruit is commonly a follicle, capsule, or berry. The seeds
usually are flat and winged or have a tuft of hairs at one end.

1. Allamanda cathartica L.: A straggling and climbing, sparsely
pubrulous or almost glabrous woody plant. Leaves mostly in whorls of four or
occasionally of three or leaves opposite, lanceolate, oblong or elliptic, acuminate,
herbaceous to slightly coriaceous with distant lateral veins including with the midrib
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an angle of 45-60°. Cymes short peduncled, terminal but frequently overtopped by
axillary branches. Calyx-lobes ovate-oblong, acute. Corolla large, yellow; tube 4-8
cm. long, cylindical in the lower half, companulate above; lobes much shorter than the
tube, orbicular to obovate-truncate, in bud overlapping to the left. Fruit a spiny, almost
globose, unilocular capsule 3-7 cm. long and 3-5 cm. in diameter; spines up to 1 cm.
long. Seeds numerous, which a circular wing, without a tuft of hair; very rarely
produced in Ceylon

A native of tropical America, largely grown for ornament and
sometimes naturallizered in the most zone. A part from the typical from with flowers
5-6 cm. in diameter, there is a large-flowered plant with flowers 10 cm. or more in

diameter (Dassanayake and Fosberg, 1983).

2.3.4 Moraceae

The Moraceae are monoecious or dioecious trees shrubs, lianas, or
rarely herbs comprising 40 genera and 1,000 species, nearly all with milky sap. The
leaves are simple and alternate or rarely opposite. The stipules are small and lateral or
sometimes they form a cap over the bud and leave a cylindrical scar. The flowers are
unisexual and minute, and are usually densely aggregated. These aggregations
frequently take the form of pendulous aments or catkins. Usually, the perianth consists
of 4 or 5 undifferentiated tepals, but sometimes fewer or no perianth segments are
present. A typical male flower has four stamens, one opposite each perianth segment.
The female flowers have a bicarpellate pistil, generally with two styles, although one
may be suppressed. The ovary is superior or inferior and contains a single pendulous
ovule in a solitary locule. Fruit types include drupes and achenes that are often

coalesced or otherwise aggregated into a multiple accessory fruit.

1. Artocarpus heterophyllus Lam.: Everygreen tree of cultivation;
canuliflorous with massive syncarps; bark often reddish-brown. Leaves withering
burnt-orange, through the year. Twings 2-6 mm. thick, glabrous. Elliptic to obovate
obtuse to subacuminate, base rather suddenly caneate and subdecurrent, entire,
glabrous, lateral veins 6-10 pairs, with parallel infloresesceuces solitary, axillary, on
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short stout leafy twigs from the truck and main branches (Dassanayake and Fosberg,
1983).

2.4 Aspects of research on using latex-producing plants as a source of

fuel

2.4.1 Plants in previous research

Calvin (1978) found the latex plants from Euphorbiaceae such as Euphorbia
lathyris for the first experiments with cultivation in southern California (planted in
February 1977), and he was able to obtain a yield and measuring their hydrocarbon
contents. In addition he found E.tiruculli extractions is an isoprenoid similar to rubber.
In the spring of 1977 he found E.lactea in Puerto Rico, which produces a flow of latex
similar to that for Heavea and it should be a candidates.

Moreover, Calvin (1978) suggested that there are other latex-producing plants
in addition to the Euphorbiaceae. There are several families that are candidate for oil-
producing plants; the Euphorbiaceae, the Asclepiadaceae, individual plants in the
family Sapotaceae and the Moraceae.

Buchanan et al. (1978) evaluated the potential hydrocarbon producing crops
206 species in 94 genera and 104 families. All whole plant samples were analyzed by
solvent extraction into major fraction-oil, polyphenol, and hydrocarbon. The data was
presented for only 37 of the more interesting plants. They are the plants in
Anacardiaceae, Apocynaceae, Asclepiadaceae, Caprofoliaceae, Compositae,
Euphorbiaceae, Labiatae, Phytolaccaceae (Buchanan et al., 1978a), Aceraceae,
Campanulaceae, Caprifoliaceae, Gramineae, Lauraceae, Pinaceae, Rhamnaceae,
Rosaceae, and Salicaceae (Buchanan et al., 1978b). Three species of particular interest
were Cacalia atriplicifolia for rubber, Euphorbia dentata for high content of both
protein and oil and Sassafras albidum for rapid growth on poor soils and high oil
content.

Erdman and Erdman (1981) studied Calotropis procera as a source of plant
hydrocarbons. The whole plant of C. Procera and individual plant segments (stems,

leaves, pods and flowers) were extract with hexane to yield of hexane extract. Dried



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Tech. for Resou.&Env. Dev.) / 19

hexane extracted residue was then extracted with methanol to yield a methanol-
methanol extract. The data demonstrated that C. Procera could be used as a renewable
source of hydrocarbons and intermediate energy resources.

The National Science and Technology Authority (NSTA) of the Philippines
(1982) studied the hydrocarbon-producing plants that composed 2 herbs, 18 shrubs, 23
trees, and 1 vine. The plants extensively studied in terms of biomass production, oil
content and technical feasibility were Eucalyptus spp., Pittosporum spp., Euphorbia
spp., Canarium spp., Pinus Spp., and Jatropha curcas.

Kalita and Saikia (2004) studied the chemical constituents and energy content
of some latex bearing plants, which are in four families such as: Apocynaceae,
Asclepiadaceae, Euphorbiaceae, and Sapotaceae.

Moreover, there were a lot of researches that studied the hydrocarbon-
producing plants as renewable sources of chemicals for use as fuel and chemical
feedstocks. The most interesting plants are latex-producing plant and grows in arid or
semiarid region such as Asclepias speciosa, Asclepias curassavica (Emon and Seiber,
1985), Xerophytic Species (Carr, Phillips, and Bagby, 1985), Helianthus spp. (Seiler,
Carr, and Bagby, 1991), Pedilanthus tithymaloides Poit (De, Bag and Mukherji, 1997),

Amsonia species (Hoffman, 1986).

2.4.2 Preparation materials and extraction techniques

The previous research evaluated the plants from arid or semiarid region,
which have the latex as potential renewable sources of energy and chemical. The plant
biomass samples were collected as mature above-ground plants (Buchanan et al.,
1978, Carr, Phillips, and Bagby, 1985, Carr, Roth, and Bagby, 1986, Carr and Bagby,
1987, Marimuthu et al., 1989 Abbot et al., 1990, Seiler, Carr, and Bagby, 1991) or the
plant parts (leaf, stem or bark) (Kalita and Saikia, 2004), then they were allowed to air
dry. After that the entries of them were ground through 1-2 mm-diameter holes. After
that the milled samples were extracted in various method as follows;

Adams and Mcchesney (1983) studied the phytochemical for liquid fuels and
petrochemical substitutions. The result showed total yields by soxhlet method compare
with shaking decanting method. They showed that the total yields by soxhlet method
were higher than shaking decanting method. In addition, the shaking decanting method
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presented a problem when decanting in that some of the very fine material (from
grinding) must be filtered out after decanting. This fine material presented a problem
in handling samples and quantifying yields accurately. While the most extraction
technique were extracted with solvents by soxhlet apparatus (Buchanan et al., 1978
a,b, Erdman and Erdman, 1981, Emon and Seiber, 1983, Carr,Phillips and Bagby,
1985, Carr, Roth, and Bagby, 1986, Carr and Bagby, 1987, Marimuthu et al., 1989,
Seiler, Carr, and Bagby, 1991, De et al., 1997, Kalita and Saekia, 2004).

Moreover, the National Science and Technology Authority (NSTA) of the
Philippines (1982) had various methods such as steam distillation, mechanical press
distilled, oil expeller, hand-pressing.

Besides extracting method, the extraction solvents are the importance because
the phytochemical are many complex organic substances. These substances could
dissolve in different solvents so the quantity and composition of extractive from the
plants depend on the extraction solvent (Buchanan et al, 1978).

Buchanan et al. (1978) had studied the extraction of Asclepias syriaca with
various organic solvents and the result is shown in Figure 2-3. It can be seen that, the
solvents with a solubility parameter (6) above 9.7 extract a broad range of complex
substances but do not extract polymeric hydrocarbon and hard waxes. Solvent with &
below 8.2 extract little of the more polar components (polyphenol), but do extract
hydrocarbon (hydrocarbon fraction). Any of the organic solvents extracted all or
nearly all of the nonpolymeric neutral lipids, which we designate, oil fraction. So the
schemes was employed for partition whole plant samples into major fractions by
solvent extraction. The acetone with & about 9.7, which extract both oil and
polyphenol fraction was used and subsequent cyclohexane with & below 8.2 to extract
hydrocarbon fraction. After that hexane (6 about 7.24) and ethanol (5 about 12.93)
were used to partition between oil and polyphenol fraction, which were extracted by

acetone.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Tech. for Resou.&Env. Dev.) / 21

AL /
2 |-
20
18 Total extractives
E 6|
b / =
.
= o Polyphenel fraction .-
= L
b — 12 |- L"‘“‘B‘
at oL
= e -
_E 1{:] -'.,-‘
= -
E o
8| SOl fraction
& ,r"'.’ \ e
4~ -
o
&
2 A= "=~ Hydrocarbon fractien
-
A“
i ¥ 1 —t | Er— | 1 il il i ¥
74 84 +38¢% $10 11 12 13 14 f 15
CsHig CClg | CH3COCH, t CH30H
. CHECIy CzHsDH

Soluhility Parameter, &

Figure 2-3: Extraction of Asclepias syriaca with various organic solvents.

Source: Buchanan et al. (1978)
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CHAPTER 3

MATERIALS AND METHOD

This work is experimental research on the characterization of biocrude
extractives from latex plant. It has been carried out at research laboratory at the
Faculty of Environment and Resource Studies, Mahidol University, and all extracted
fractions has also been analyzed at the Central Instrument Facility (CIF) and
Department of Chemistry, Faculty of Science, Mahidol University. The methodology

used in this work is presented as follows:

Dried Plant Material

Acetone Extraction 8 hr.

v v

Extractives Solid dried sample after
acetone extraction

Separation

Cyclohexane Extraction

¢ ¢ 8 hr.
Hexane Ethanol 87.5%

A

v Y Hydrocarbon

Oil Polyphenol y

\ 4 A\ 4 A\ 4

A\ 4
Analysis

- Elemental analysis
- The composition of oil and hydrocarbon fraction

Figure 3-1: Experimental research Scheme.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Tech. for Resou.&Env. Dev.) / 23

3.1 Materials and Equipments

3.1.1 Materials
1) Raw materials
The collected 11 plant species from 4 families were used as samples.
They are local plants which has latex in every part, and their families, common name
and local name are presented in Table 3-1

Table 3-1 The families and the species of latex plants used in this work.

Family Scientific name Common name Local name  Location
Euphorbiaceae 1. Euphorbia tirucalli L. milk bush, rubber Phayaraibai 1
euphobia
2. Euphorbia antiquorum L. Salat dai 1
3. Euphorbia millii Des moul  Crow of thorn, Poi sian 1
Christ Thorns
4. Euphorbia neriifolia L. Som chao 1
5. Pedilanthus tithymaloides  Slipper Flower, Sayaek 1
(L.) Poit Redbird Cactus,
Jew-Bush
6. Jatropha multifida L. Fin ton, 1
Malako
farang
Asclepiadaceae 7. Calotropis procera R.Br Crown Flow, Giant  Rak dok 2
(white-flowered) Indian, Milk Weed  (white-
flowered)
8. Calotropis procera R.Br. Rak dok 2
(purple-folwered) (purple-
folwered)
9.Cryptolepis buchanani Thao en on 1
Roem.& Schult
Moraceae 10. Artocarpus heterophyllus ~ Jack Fruit Tree khanun 1
Lam.
Apocynaceae 11. Allamanda cathartica L. Banburi 1
lueang

Remark: 1 refer to the plants species were collected from the Siriruchachati Medicinal Plant garden, Mabhidol
University.

2 refer to the plants species were collected from the vegetation garden around Nakhon Pathom Province.
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2. Chemicals
e Acetone
e Hexane

e Ethanol 87.5%

e Cyclohexane

e  Sodium Sulfate (Na;SOy)

e  Potassium Carbonate (K,CO3)

3.1.2 Equipments
e Desicator
e Heating Mantle
e Sohxlet Extracting Apparatus
e Rotary Evaporator
e Weighting Balance
e GC/MS
e CHNS/O analyzer
e AirQven
e Sieve 2 mm No.10
e GC/MS
e Bottom Flask (250 ml)
e Viol (10 ml)
e Cylinder (50, 250 ml)
e Beaker (250 ml)
e Pipette (1,5 ml)

3.2 Experimental Preparation

All 11 species of latex plants were collected from maturity plants growing in
the Siriruckhachati Medicinal Plant garden, Mahidol University, Salaya Campus. And
some plant samples were collected from the vegetation field garden around Nakhon
Pathom Province. In term of plant collection the samples has been taken from plant
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which is suitable to be used (app.l year). Only part of the whole plant mainly
branches together with leaves and flowers were used as samples. All plant samples
were allowed to be air-dried, at ambient temperature (25-30°C), until constant weight
(app. 2-3 weeks). Then, they were individually ground by milling to pass 2 mm. sieve
(No.10). Each sample were mixed thoroughly and stored in sealed plastic bags at

ambient temperature until they were taken for extraction.

a) b)

Figure 3-2 Plant samples preparation a) Ground samples with 2 mm. size

b) The samples were store in sealed plastic bags.

3.3 Experiments

The scheme was employed for partitioning whole plant sample into major
fraction had the method and procedure as follows:

Individually, each plant sample approximately 10 g is taken for sohxlet
extraction using acetone (150 ml) for 8 hour. Then, acetone was evaporated out of

sample at the temperature of 38°C.

3.3.1 Oil Fraction
After acetone evaporation, the extractives were partitioned in separatory
funnels using hexane and ethanol 87.5% at the ratio of 1:1 (50:50 ml.) the same as

process work done by Kalita and Saikia (2004). In partition, the fraction that could be
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dissolved in hexane was oil fraction, in which they would free from hexane by
evaporation to yield oil fraction. After solvent evaporation, the oil fraction was then
cool down until constant weight (app. 5 min.) before weighting.

3.3.2 Polyphenol fraction
After the hexane extractives was separated, the remaining part was
ethanol extractives, in which all polar oil compound were dissolved and we called
polyphenol fraction. After they were freed from ethanol 87.5% to yield polyphenol
fraction, they were left for 5 min. until constant weight then weighted.

3.3.3 Hydrocarbon fraction
After 8 hour of acetone extraction, the remaining residual was, then,
extracted again with cyclohexane for another 8 hour to obtain the hydrocarbon
fraction. The cyclohexane extractives were freed from solvent using evaporator in

which the yields were cool down until constant weight before weighting.

3.4 Analysis

All fractions obtained from extraction process were, then, subjected to further
characterized for Elemental Analysis and Gas chromatography/mass spectrometry
(GC/MS) analysis

3.4.1 Elemental Analysis.

The analysis was done in Perkin Elmer instruments (CHNS/O
Analyzer Series Il). The gases used were He 99.995% at 140 kPa (20 Psi), O,
99.995% at 105 kPa (15 Psi), and air at 60 Psi. The total carbon, hydrogen and
nitrogen would be obtained from an analysis except for value of oxygen obtained by
subtraction.

3.4.2 Gas chromatography/mass spectrometry (GC/MS) analysis

The structures of oil and hydrocarbon fraction were characterized
using GC/MS Agilent model 6890. The column used was HP-5MS column (30 m by
250 um (diameter) by 0.25 um (film thickness)). The column temperature was heated
from 50 to 250°C and then programmed to 300°C with a final hold for 2 minutes.
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Total running time was 39 minutes. Helium was used as carrier gas at the flow rate of
15 mL/min with the split ratio 20:1 and nitrogen gas was used as make up gas at the
flow rate 10.0 mL/min. The volume of injected sample was 1 uL. All mass

spectrometry taking mass spectral scanned from mass 50 to 200.

Figure 3-3 The method for partitioning whole plant samples into major fraction.
a) Each plant sample is taken in soxhlet extractor using acetone and
subsequent cyclohexane. b) Solvent evaporation. c) the extractives were
partitioned in separatory funnels using hexane and ethanol 87.5% to oil and

polyphenol fraction.
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3.5 Data analysis

All experimental data of 3 replication were averagely process, and then were
analysis of variance by ANOVA, one-way (P > 0.05) for test differences of oil
fraction, hydrocarbon fraction and polyphenols fraction. Duncan’s new multiple range

test were applied to distinguish significant differences between individual means.
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CHAPTER 4

RESULT AND DISCUSSION

This chapter the results of extracted biocrude fraction from 11 of plant species
are comparatively presented in both of volume of biocrude, oil fraction, hydrocarbon
fraction and polyphenol fraction; and the molecular components.

4.1 The Yield of Extractives from Plants

4.1.1 Oil fraction

According to the Figure 4-1 and Table B-1 (in Appendix B), it can be
seen that most of produced oil yields from 11 species are in range of 1.89% - 6.11%.

They were extracted oil fraction that was sticky dark-green fluid.

In consideration to the results obtained in details, it is appeared that from
11 plant species were different in an amount of oil fractions obtained from this work
and could be divided according to statistical into 3 groups of high, medium and low. It
can be seen that there were no significantly difference among the group of highest oil
yields of Euphorbia neriifolia L. (6.11%), Euphorbia antiquorum L. (5.26%) and
Euphorbia tirucalli L. (5.16%), Whereas, there were also no difference in statistical
test in group of Artocarpus heterophyllus Lam (1.07%), Jatropha multifida L. (1.89%)
and Allamanda cathartica L. (2.19%) that offered the least oil yield. Moreover the oil
yields of Euphorbia millii Des moul (4.86%), Calotropis procera R.Br. (purple-
flowered) (3.64%), Calotropis procera R.Br (white-flowered) (4.04%), Cryptolepis
buchanani Roem.& Schult (3.42%) and Pedilanthus tithymaloides (L.) Poit (2.88%)
were found to be moderately obtained in comparison to above mentioned, with
insignificantly difference. From the above results, the floras in Euphorbiaceae gave
average (4.36%) higher oil yield than others, although some species of plant in this
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family generates low oil yields such as Jatropha multifida L. (1.89%). In case of the
other families, we can see plant in Asclepiadaceae contained moderate oil yields, and
Apocynaceae and Moraceae gave lowlest oil yields. This result is quite consistent to
previous work done by Buchanan et al. (1978) who conducted the preliminary study
on the 100 kinds of plant in 32 families that earned potential to produce carbon in the
United States of America, and stated that plants in Euphorbiaceae contained higher oil
yields than others. However, the highest amount of oil obtained from work done by
Buchanan et al.; Euphorbia dentata Michx (9.68%) and Euphorbia heterophylla L.
(6.62%) is rather higher than that obtained from this work; Euphorbia neriifolia L.
(6.11%), Euphorbia antiquorum L. (5.26%) and Euphorbia tirucalli L. (5.16%).

However, Buchanan et al. (1978) have presented the oil fraction from various
kinds of plant such as Campanula americana L. (Campanulaceae) (6.07%), Cirsium
discolor (Muhl.) Spreng (Compositae) (5.24%), Vernonia fasciculata Michx.
(Compositae) (5.01%), Sassafras albidum (Nutt.) Nees (Lauraceae) (5.55%) that
produced most likely in oil yields to this work such as Euphorbia neriifolia L.
(6.11%), Euphorbia antiquorum L. (5.26%), and Euphorbia tirucalli L. (5.16%).

In addition, the research work to seek for alternative sources of energy from
plants by Sekar and Francis (1998) showed that Ipomoea Staphylina Rands.
(Convolvulaceae) (5.40%) and Synadenium gratii Hook f. (Euphorbiaceae) (5.75%)
have also produced likely amount of oil yield from Euphorbia ligularia Roxb and
Euphorbia tirucalli L.of this work. The same as work done by Kalita and Saikia
(2004) about chemical components and energy from 5 species of latex plant, which
declared that Nerium indicum (Apocynaceae) (5.88%) contained closely oil, yields to

that of those three plants above.

In case of the group that obtained medium amount of oil yields, it seem
closely to be similar also with work done by Buchanan et al, (1978) in other latex
families; Euphorbiaceae, Euphorbia millii Des moul(4.86%), Pedilanthus
tithymaloides (L.) Poit (2.88%); and Asclepiadaceae, Calotropis procera R.Br.
(purple-flowered) (4.04%), Calotropis procera R.Br. (white-flowered) (3.64%),
Cryptolepis buchanani Roem.& Schult (3.42%), were most likely with Compositae,
Cacalia atriplicifolia L. (3.06%); Labiatae, Monarda punctata L. (2.90%);
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Rhamnaceae, Ceanothus emericanus L. (3.27%); Rosaceae, Prunus americana
(3.93%). Also with work done by Sekar and Francis (1998) and Kalita and Saikia,
(2004) which similar amount of oil have been shown namely Asclepiadaceae,
Hemidesmus indicus (3.52%); and Apocynaceae, Plumeria alba (3.56%);

Euphorbiaceae, Euphorbia nerrifolia (3.87%)

In the group of low amount of oil yields that obtained from this work it is
appeared that Artocarpus heterophyllus Lam (1.07%), Jatropha multifida L. (1.89%)
and Allamanda cathartica L. (2.19%) were similar to Symphoricarpos orbiculatus
Moench. (Caprifoliaceae) (2.19%) (Buchanan et. al., 1978) and Calotropis procera
(Asclepiadaceae) (1.68%) (Kalita and Saikia, 2004).

4.1.2 Hydrocarbon

The characteristic of extracted hydrocarbon fraction using cyclohexane
were sticky and yellow fluid. Form 11 species of plant, the range of hydrocarbon
found to be 0.004% - 1.93%, as presented in Figure 4.1 and Table B-2 (in Appendix
B).

It can be seen that Pedilanthus tithymaloides (L.) Poit. produced the
highest amount of hydrocarbon. In the meantime, Euphorbia Ineriifolia L., Jatropha
multifida L. and Artocarpus heterophyllus Lam. offered the least of hydrocarbon.
However, an amount of hydrocarbon from Pedilanthus tithymaloides (L.) Poit. is
significantly different from the others. Also hydrocarbon from Euphorbia nerifolia L.,
Jatropha multifida L. and Artocarpus heterophyllus Lam. are significantly different
from Euphorbia antiquorum L., Euphorbia tirucalli L., and Calotropis procera R.Br.

(purple-flowered).

In comparison, hydrocarbon yields of Pedilanthus tithymaloides (L.) Poit
(1.93%) close to yields that produced from Cacalia atriplicifolia L. (Compositae)
(3.10%) (Buchanan et. al., 1978). Moreover, the plants gave inferior e.g. Euphorbia
tirucalli L.(1.16%), Calotropis procera R.Br. (purple-flowered) (1.18%) and
Allamanda cathartica L. (0.90%) provided nearly yields of hydrocarbon from

Momarda punctata L. (Labiatae) (1.15%) Silphium terebinthinaceum Jacq
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(Compositae) (0.85%) Campanula ameicana L. (Campanulaceae) (0.93%) (Buchanan
et. al., 1978).

Euphorbia antiquorum L., Euphorbia millii Des moul, Calotropis
procera R.Br (white-flowered), and Cryptolepis buchanani Roem.& Schult created
moderate hydrocarbon of 0.64%, 0.34%, 0.33%, and 0.47% respectively. They were
closely to hydrocarbon yields from plants in Apocynaceae e.g. Carissa carandas L.
(2.12%) Nerium incicum Mill. (0.48%); Asclepiadaceae e.g. Ceropegia juncea Roxb.
(1.0%), Cryptolepis buchananii R.&S. (0.68%), Hemidesmus indicus R.Br. (1.04%),
Secomon emetica R.Br. (0.54%); and Euphorbiaceae e.g. Euphorbia antiquorum L.
(0.42%), Euphorbia mouritianica L. (0.98%), Synadenium grantii Hook f. (0.33%)
(Sekar and Francis, 1998), Nerium indicum (Apocynaceae) (2.18%) (Kalita and Saikia,
2004).

From this work, hydrocarbon yields from Artocarpus heterophyllus Lam.
(0.16%), Jatropha multifida L. (0.08%), and Euphorbia neriifolia L. (0.004%), were
the least and the least for the previous study.

4.1.3 Polyphenol

The extracted components used ethanol 87.5% called polyphenol were
sticky dark-brown fluid. As presented in Figure 4.1 and Table B-3 (in Appendix B),
the polyphenol that obtained from the samples showed the range of 3.55% - 12.23%.

It can be seen in details that plants in Euphorbiaceae (8.97%) produced
the highest polyphenol. While Apocynaceae (6.96%) Asclepiadaceae (5.62%) and
Moraceae (3.55%) were inferior. As the statistic test of 11 species of plant, Euphorbia
antiquorum L., Euphorbia tirucalli L., Euphorbia millii Des moul and Jatropha
multifida L. generated the highest of polyphenol yields different from Euphorbia
neriifolia L.., Calotropis procera R. Br. (white-flowered), and Allamanda cathartica
L. with the statistic level of significance. Moreover the polyphenol yields of
Pedilanthus tithymaloides (L.) Poit. (5.72%), Calotropis procera R. Br. (purple-
flowered) (4.17%), Cryptolepis bunchanani Roem. & Schult (5.68%), and Artocarpus

heterophyllus Lam. (3.55%) were found to be the least obtained in comparison to
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above mention, with insignificantly differences. In addition, Euphorbia antiquorum .L
contained the highest yields of polyphenol (12.23%) that was closely the polyphenol
yields from Caprifoliaceae; Symphoricarpos orbiculatus Moench. (2.19%) (Buchanan
et. al., 1978) and Asclepiadaceae; Calotropis procera (1.68%) (Kalita and Saikia,
2004). In case of the ones that produced inferior yields of polyphenol, it is appeared
that Euphorbia tirucalli L., Euphobia millii Des moul and Jatropha multifida L.
produced amount of polyphenol as close as Asclepiadaceae; Daemia extensa N.E.Br.
(4.91%), Euphorbiaceae; Euphorbia mouritianica L. (4.96%), Synadenium gratii
Hook f. (5.75%), Euphorbia vajravelvii Binoj and Balakr (8.70%) (Sekar and Francis,
1998).

4.1.4 Biocrude

As the combination of extracted components, oil, hydrocarbon and
polyphenol fractions, were defined biocrude, then the amount of biocrude obtained
from addition of different fraction, as shown in Figure 4-1 and Table B-4 (in Appendix
B).. It can be seen that from 11 species of flora, a plant in the family: Euphorbiacea
offered the highest production of crude while an inferior ones are in the families of
Apocynaceae Asclepiadaceae and Moraceae. Euphorbia antiquorum L. produced the
most biocrude (18.13%). Inferior producers were Euphorbia tirucalli L. (17.50%),
Euphorbia millii Des moul (14.36%), and Euphorbia neriifolia L. (13.05%), while
Artocarpus heterophyllus Lam. provided the least amount of crude oil (4.78%).
However, Euphorbia antiqguorum L., Euphorbia tirucalli L., Euphorbia millii Des
moul and Euphorbia neriifolia L., which produced biocrude were significantly
different in statistic test from biocrude of Pedilanthus tithymaloides (L.) Poit.,
Jatropha multifida L.., Calotropis procera R.Br. (white-flowered), and Allamanda
cathartica L. In addition, Calotropis procera R.Br.(purple-flowered), Cryptolepis
buchanani Roem.& Schult and Artocarpus heterophyllus Lam. were found to be the

least obtain in comparison to above mention, with insignificantly differences.
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Figure 4-1 Yield of biocrude from eleven plants

4.2 Chemical Components of Extractives

4.2.1 Elemental analysis of plant extractives.
1. Elemental components of oil fraction

As details presented in Figure 4-2 and Table B-5, it is the
qugntitative results of carbon, hydrocarbon, nitrogen and oxygen in oil fraction,
percentage of them were in the range of 56.52%-81.71%, 8.84%-11.97%, 0.32%-
1.50% and 5.91%-32.89% respectively.

The percentage of carbon (56.52% - 81.71%) and hydrogen (8.84% -
11.92%) were closely to work done by Erdman and Erdman (1981). They study on
Calotropis species as well as hydrocarbon source by hexane and methanol, which the
percentage of carbon in the hexane extractives ranging from 78.03% - 80.09%.

Moreover these data were similar to crude oil (1.81), fuel oil (1.68) and gasoline (2.08)
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except Euphorbia tirucalli L. and Euphorbia antiquorum L., which the lower in
percentage of carbon.

The composition of nitrogen and oxygen were higher than petroleum
product, which they were no nitrogen whereas a little of oxygen is found in crude oil
as 1.2% and fuel oil 0.60%.

From the ratio of hydrogen to carbon (H/C), the H/C ratio of oil
fraction was in the range of 1.65-2.15, which are closely to petroleum product
esspecially Euphorbia antiquorum L., which are closely to gasoline. However, the
consideration in each the elemental component include the H/C ratio in Euphorbia
antiquorum L., we found that the percentage of carbon lower than other plants, while
the percentage of hydrogen was in the range of other plants. So the H/C ratio of
Euphorbia antiquorum L. was higher than the others, moreover Euphorbia antiquorum

L. had the highest of oxygen percentage, it was similar to Euphorbia tirucalli L.

eruce ofl [ 727 N TR T ||

A. cathartica L. W /AN AT |
A. heterophyllus Lam e " [ |
C. buchanani Roem.&Schult | |

C. procera R.Br. (White-floweredz | |
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P. tithymaloides (L.) Poi{ [ |
E. neriifolia I: [ ]
E. millii Des moui [ |

E. antiquorum L. [ |

E. tirucalli L. [ |
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Figure 4-2 Elemental analysis of oil fraction in comparison with petroleum product
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Figure 4-3 The H/C ratio of oil fraction in comparison with petroleum product

2. Elemental components of hydrocarbon fraction

As shown in Figure 4-4 and Table B-6, the analysis results of
carbon, hydrogen, nitrogen and oxygen from hydrocarbon fraction, the percentage of
them were in the range of 64.22% - 80.65%, 8.93% - 11.42%, 0.03% - 0.56% and
7.93% - 26.56% respectively.

Percentage of carbon and hydrogen from plants in this work were
lower than petroleum products. In comparison, carbon content in hydrocarbon fraction
(64.22% - 80.65%) is the same as oil fraction (56.52% - 81.71%), but hydrogen
content was lower than one in oil fraction. In case of nitrogen (0.03% - 0.56%) and
oxygen (7.93% - 26.56%) from these plants, they were higher than ones from
petroleum products, but they were lower than ones in oil fraction (0.32% - 1.5%, 5.9%
- 32.89%). In consideration to the value of H/C ratio of hydrocarbon fraction, it is in
the range of 1.42 - 1.76 which is lower than of oil fraction because hydrocarbon
fraction is low in percentage of hydrogen, although the percentage of carbon were

high. So the H/C ratio is lower than oil fraction. The H/C ratio of hydrocarbon
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fraction of Euphorbia tirucalli L. (1.76%) was most likely with the H/C of crude oil

(1.81%). However, there was no plant that offers the H/C ratio closely to gasoline.
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Figure 4-4 Elemental analysis of hydrocarbon fraction in comparison with petroleum
product
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Figure 4-5 The H/C ratio of hydrocarbon fraction in comparison with petroleum

product
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3. Elemental components of polyphenol fraction

From the analysis of carbon, hydrogen, nitrogen and oxygen in
polyphenol fraction, the percentage of them were in the range of 18.26% - 61.93%,
7.51% - 11.09%, 0.36% - 1.45% and 26.95% - 73.87% respectively, the details are
shown in Figure 4-6 and Table B-7 (in Appendix B).

It can be seen that the percentage of carbon and hydrogen from
plants were lower than ones from petroleum products do, particularly carbon in
polyphenol fraction stated the lowest content in this work. Hydrogen was almost the
same as the entire fraction. Nitrogen and oxygen were higher than petroleum products,
oil fraction, and hydrocarbon fraction, showing the more polar characteristic

compound of this fraction.

Comparing the elemental analysis results to work done by Erdman
and Erdman (1981) for the methanol extractives, they contained low carbon and
hydrogen content but high in oxygen content, which were found to be the same as in
polyphenol fraction of this work.

In term of the H/C ratio of polyphenol fraction, it was in the range of
1.95-4.94 that was likely high in comparison with petroleum products. Because the
percentage of carbon in polyphenol fraction was lower than the others, while the
percentage of hydrogen was in the range of oil and hydrocarbon fractions and
petroleum product. So that the H/C ratio of this fraction was higher than other
fraction. From Figure 4-7 and Table B-7 (in Appendix B), the data showed the H/C
ratio with Euphorbia neriifolia L. (2.01) and Calotropis procera R.Br. (purple-
flowered) (2.10), were mostly close to gasoline. Nevertheless, they gave the high
nitrogen and oxygen, which not well for fuel. While, the H/C ratio of Artocarpus
heterophyllus Lam. was 4.94, that was similar to methane (natural gas) (Schobert,
1990).
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Figure 4-6 Elemental analysis of polyphenol fraction in comparison with petroleum
product
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Figure 4-7 The H/C ratio of polyphenol fraction in comparison with petroleum product
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4. Elemental components of biocrude (from calculation)

As the details presented in Figure 4-8 and Table B-8., They are the
results of which is identified as the combination of oil, hydrocarbon and polyphenol
fraction. Therefore, the results of carbon, hydrogen, nitrogen and oxygen are also
calculated from those fractions, and the percentage of them were in the ranges of
58.58% - 79.08%, 9.40% - 10.95%, 0.37% - 0.92% and 9.74% - 32.84% respectively.

The percentage of carbon and hydrocarbon from biocrude of these
plants were lower than ones from petroleum products, whereas, nitrogen and oxygen

are higher.

The H/C ratio of these biocrude (1.59-2.13) was closely to petroleum
products (1.68-2.08) and oil (1.65-2.15). However, biocrude from plants had H/C ratio
higher than hydrocarbon (1.42-1.76), whereas they are lower than polyphenol fraction
(1.95-4.94). Percentage of nitrogen and oxygen from plants were higher than one from

petroleum products that are similar to oil, hydrocarbon, and polyphenol fraction.

Biocrude presented H/C ratio in the range of 1.59 -2.13, which are
closely to petroleum product especially Euphorbia antiquorum L. was closely to
gasoline, because it had low percentage of carbon but hydrogen was found in high
percentage so the H/C ratio of this plant was high. However this plant was found
percentage of oxygen in high quantity. Moreover, the H/C ratio of Euphorbia millii
Des moul, Euphobia tirucalli L., Calotropis procera R.Br. (purple-flowered)
Artocarpus heterophyllus Lam., and Allamanda cathartica L. were similar to
Euphorbia antiquorum LFrom these data, it showed that the percentage of carbon in
biocrude is range from 70-80, while the average percentage of hydrogen is 10, which
are the good proportion and the H/C ratio are closely to petroleum product. Moreover
the plants with these range had the small percentage of oxygen, which the good

condition for fuel.
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4.2.2 The extracted components

As shown in Table 4-1 and 4-2., they are the results on the extracted
components of oil fraction and hydrocarbon fraction by GC/MS. It can be seen that
the components in hydrocarbon fraction e.g. paraffin series, fatty acid, terpene and
naphthenes are mostly found. According to the area of chromatogram, those detected

components among all 11 plants are different.
1. The extracted components of oil fraction

The major portion of oil fraction was found to consist of the
component as shown in Table 4-1, and Figure of chromatogram in Appendix D:

1.1 Fatty acid: Fatty acid is the component in lipid group as well
as a source of a petrochemical composition (Schobert, 1990 and Wang and Huffman,
1981), which the major component was found in this work. They are consists of
hexanoic acid (CgH120,), octanoic acid (CgHi602), decanoic acid (CioH200-),
dodecanoic acid (Ci2H240,), tetradecanoic acid (Ci4H2s0,), pentadecnoic acid
(Ci5H300,) hexadecanoic acid (Cy36H320;), heptadecanoic acid (Ci17H340,),
octadecanoic acid (C1gH3602), 9-octadecanoic acid (C1gH3602), 9,12-octadecanoic acid
(C18H360,) and nonadecanoic acid (C19H350;). Fatty acid can be found in all plants in
this work. The most of them are saturated fatty acid except 9-octadecanoic acid, and
9,12-octadecanoic acid, which are unsaturated fatty acids. It is found the most in
Jatropha multifida L. (66.09 % area) and Calotropis procera R.Br.(white-flowered)
(42.85 % area).

1.2 Paraffin series: Paraffin is hydrocarbon in straight chains that
are basically found in petrochemical components. They are formed primarily by
cracking of lipids, including the terpenes (Schobert, 1990). The compound in Paraffin
group presented in the range of C;-Cy. There were heptane (C;Hig), undecane
(C11H24), dodecane (C12H.6), pentadecane (CisHs,), hexadecane (Ci6Has), heptadecane
(Ci7H36), octadecane (CigHsg), nonadecane (CigHso), eicosane (CpoHg2) and
heneicosane (C,;Ha4). Heptane and heptadecane are mostly found in all plants with the
largest area of chromatogram. For heptane, it can directly substitute gasoline without
any process required (Verma and Behera, 2003), furthermore, heptadecane is the
largest compound which is liquid at room temperature. In addition Calotropis procera
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R.Br (purple-flowered) (17.95 % area), Cryptolepis buchanani Roem.& Schult (12.93
%area), Euphorbia neriifolia L. (7.78 % area) found the highest area of chromatogram

in paraffin series.

1.3 Terpene: it is one kind of lipid agent (Schobert, 1990) that is

found into 3 groups as follows:
e Monoterpene e.g. di-Limonene and trans-Pinane

e Sesquiterpene e.g. Alloaromadendrene, amorphane,

neoclovene, valencene, veridiflorol and zingiberenol

o Diterpene e.g. Cembrene, Neophytadiene, Phytol, and
Retinol

Although area chromatogram of terpene which was found in the
entire sample was little but terpene from Monoterpene, Sesquiterpene and Diterpene

could be substituted to fuel without any process required (VVerma and Behera, 2003).

1.4 Naphthene or cycloalkane: It is cyclic hydrocarbon as well as
another component of petroleum (Schobert, 1990). Napthene that was found in small
area chromatogram is cyclopentane, cyclohexane, cycloheptane, cyclododecane,
cyclotetradecane, cyclohexadecane from Euphorbia antiquorum L., Euphorbia millii
Des moul, Euphorbia neriifolia L., Jatropha multifida L., Calotropis procera R.Br

(white-flowered) and Calotropis procera R.Br (purple-flowered)

1.5 Aromatics compound and compounds containing the
hetroatoms: for this work, we found the aromatic compounds such as 1,8-
dimethylphenanthrene, bebzoic acid, Naphthalene, Pyrimidine in Euphorbia
antiquorum L., and Euphorbia tirucalli L. Moreover we found 2-Isobutylthiazole,
thiosulfuric acid, benzonitrile, which were the heterocycle compound that produced
undesirable constituent of fuel in Euphorbia antiquorum L., Pedilanthus tithymaloides
(L.) Poit., Jatropha multifida L. and Calotropis procera R.Br. (white-flowered)
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Table 4-1 The extracted components of oil fraction

Plant Compounds (% area chromatogram)

Paraffin Fatty Terpene Naphthenese Aromatics NSO
series acid

Euphorbiaceae

Euphorbia tirucalii L. 2.69 11.26 2.3 nd nd nd
E. antiquorum L. nd 17.42 0.13 1.99 1.17 nd
E. millii Des moul 4.6 6.46 8.41 142 8.31 nd
E. neriifolia L. 7.78 13.33 0.31 0.31 nd nd
Pedilanthus tithymaloides (L.) 0.25 19.33 0.28 nd nd nd
Poit.

Jatropha multifida L. 3.23 66.09 1.02 0.20 nd nd
Asclepiadaceae nd nd
Calotropis procera R.Br. 5.26 42.85 411 1.80 nd nd
(white-flowered)

C. procera R.Br. 17.95 16.62 0.95 0.68 nd nd
(purple-flowered)

Crytolepis buchanani 12.93 12.99 6.18 nd nd nd
Roem.&Shult.

Moraceae

Artocarpus heterophyllus Lam nd 36.79 0.12 nd nd nd
Apocynaceae

Allamanda catharitica L. 6.61 23.71 1.31 nd nd nd

Remark: nd refer to no detected

2  The extracted components of hydrocarbon fraction

The components of hydrocarbon fraction are presented in Table 4.2

Figure of chromatogram in Appendix B.

2.1 Fatty acid: From the analysis of components, fatty acid in
hydrocarbon fraction is lower than oil fraction in area chromatogram. They were
dodecanoic acid, tetradecanoic acid, hexadecanoic acid, heptadecanoic acid,
octadecanoic acid, 9-octadecanoic acid, and 9,12-octadecadienoic acid. Hexadecanoic
acid was found almost all the plants except Euphorbia tirucalli L, Euphorbia millii
Des moul, Euphorbia neriifolia L., and Artocarpus heyerophyllus Lam. Moreover
there were no fatty acids in hydrocarbon fraction of, Euphorbia tirucalli L, and
Euphorbia neriifolia L.

2.2 Paraffin series: They were found in the range of C; — Csp,
such as heptane (C;Hi) dodecane (CyoH2,), undecane (Cyi1Ho4) hexadecane (CigHza),

heptadecane (Ci7Hsg), octadecane (CigHsg), eicosane (CxHas2) and heneicosane
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(C21H44), docosane (CxHgs), pentacosane (CasHsp), octacosane (CogHsg), and
dotriacontane (Cs2Hes). Eicosane is mostly found in all plants. Moreover the
hydrocarbon fraction consists of the paraffin series, which are larger molecule than oil

fraction.

2.3 Terpene: In hydrocarbon fraction, we found dI-Limonene,
camphene, neoclovene, phytol and Retinol that is the components in the group of
Monoterpene, Sesquiterpene, and Diterpene were found in hydrocarbon fraction of
Pedilantus tithymaloides (L.) Poit., Euphorbia neriifolia L., Calotropis procera R.Br.
(purple-flowered)., Artocarpus heterophyllus Lam, and Allamanda cathartica L.

2.4 Naphthenes: they were found the component of
cyclododacane, and cyclodecadiene in hydrocarbon fraction of Euphorbia antiquorum
L., Euphorbia millii Des moul, Pedilanthus tithymaloides (L.) Poit., Euphorbia
neriifolia L., Calotropis procera R.Br. (purple-flowered), Cryptolepis buchanani
Roem.& Schult, Artocarpus heterophyllus Lam, and Allamanda cathartica L.

2.5 Aromatics compound and compounds containing the
hetroatoms: for hydrocarbon fraction, we found the aromatic compounds such as
phenol, benzonitrile, quinoline, benzene, 1,8-dimethylphenanthrene, bebzoic acid,
Naphthalene, and Pyrimidine in Euphorbia antiquorum L., and Euphorbia mulliii Des
moul., Pedilanthus tithymaloides (L.) Poit., Calotropis procera R.Br. (white-flowered)
and Artocarpus heterophyllus Lam. Moreover we found only benzonitrile, in
Calotropis procera R.Br. (white-flowered). Although these compounds are found in

little area chromatogram, they are undesirable constituents of fuel.
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Table 4-2 The extracted components of hydrocarbon fraction

Plant Compounds (% area chromatogram)

Paraffin Fatty Terpene Naphthenese Aromatics NSO
series acid

Euphorbiaceae

Euphorbia tirucalii L. 0.95 0.72 0.07 nd nd nd
E. antiquorum L. 0.49 16.16 nd 0.14 1.22 nd
E. millii Des moul 0,53 5.88 nd 0.02 0.36 nd
E. neriifolia L. 4.77 4.87 26.04 0.87 0.30 nd
Pedilanthus tithymaloides (L.) 7.21 nd 0.59 nd nd nd
Poit.

Jatropha multifida L. 0.55 0.1 nd nd nd nd
Asclepiadaceae

Calotropis procera R.Br. 2.04 0.43 1.52 nd 6.95 1.45
(white-flowered)

C. procera R.Br. 6.22 5.18 1.27 11.41 nd nd
(purple-flowered)

Crytolepis buchanani 12.06 3.48 nd 12.70 nd nd
Roem.&Shult.

Moraceae

Artocarpus heterophyllus Lam 0.4 3.86 0.03 0.11 0.39 nd
Apocynaceae

Allamanda catharitica L. 2.64 0.63 0.23 6.25 nd nd

Remark: nd refer to no detected

From an investigation of the extracted components of plants, both oil fraction
and hydrocarbon fraction comprise with major components of petroleum content
included fatty acid and terpene that are the beginning agents of paraffin series by the
cracking. In addition, the major contents in the group of naphthenese aromatic
compounds and compound containing the heteroatom oxygen, nitrogen and sulfur

were found in petroleum even if it was found in little area chromatogram in this work.

For the fatty acid portion, they were found to consist of saturated acid which
Schobert (1990) stated that the most abundant saturated acid are compound with 8, 10,
12, 14, 16 or 18 carbon atoms, which the same as this work. However the greater the
number of unsaturated acid structures in the molecule, the more likely the compound

is to be a liquid at room temperature, which mention by Schobert (1990).

The major portion of the extractives was found to consist of the component in
paraffin series. As Verma and Behera (2003) stated that the most abundant of the
alkanes in plants are the Cy and Cs; structures, whereas this work found the most
alkane, which were light molecules of Cs-Cy. Nevertheless, the major alkane

constitutes are heptane and nonane, which can be used directly as gasoline substitutes
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(Verma and Behera, 2003). That means small molecular components are better for
substituting fossil energy than large molecular components.

From the comparative study on extracted components from Asclepias
speciosa (Adams et. al., 1984), most components were in triterpene. However, the
outcome of this work presented only terpene in monoterpene, sesquiterpene and
diterpene, which Verma and Behera (2003) have declared that the contents in the
group of in monoterpene and sesquiterpene could be used in stead of fossil energy

without any process required.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

This research work has been carried out in order to evaluate the quantity of
oil that can be produced from latex plant in four families. The method used was
solvent extraction, and the solvent extractable fraction referred to fraction of oil,
hydrocarbon and polyphenol fraction in which they were characterized both in
elemental and molecular analysis. The conclusion can be drawn from this work are as
follows:

5.1.1. The yield of extractable from plant can be devided into three fractions.
The first, considering oil fraction, plants in the family of Euphorbiaceae provide
higher yield of oil fraction than others do. Euphorbia neriifolia Roxb produces the
highest oil fraction. And the inferior ones are Euphorbia tirucalli L., Euphrobia
antiquorum L. and Euphorbia millii Des moul.

As hydrocarbon fraction, plants in Euphorbiaceae, Asclepiadaceae, and
Apocynaceae generated high yield of hydrocarbon fraction. Pedilanthus tithymaloides
(L.) Poit. produced the highest yield and the inferiors were Calotropis procera R.Br.
(purple-flowered), Euphorbia tirucalli L, Allamanda cathartica L., and Euphorbia
antiquorum L. respectively.

For considering the polyphenol fraction, we found that the plants in
Euphorbiaceae approximately provided the highest yield. Euphorbia antiquorum L.
contained the highest yield while Euphorbia tirucalli L, Euphorbia millii Des moul
and Jatropha multifida L. are inferior.

5.1.2. From studying the elemental components, the content of carbon,
hydrogen, nitrogen and oxygen that those are major qualification of fuel, carbon and

hydrogen of oil fraction and hydrocarbon fraction are higher than of polyphenol
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fraction. However, carbon and hydrogen from those three fractions are lower than
petroleum products.

Considering detail components of oil fraction, hydrocarbon fraction and
polyphenol fraction, the H/C ratio of oil fraction is mostly closed to gasoline, whereas
the H/C ratio of polyphenol fraction is higher than that of oil fraction, hydrocarbon
fraction and petroleum products (crude oil, fuel oil and gasoline).

As the calculation to find the H/C ratio of oil fraction, we found that
Euphorbia antiqguorum L. has the H/C ratio that is mostly closed to gasoline.
Whereas, the H/C ratio of Artocarpus heterophyllus Lam., Allamanda cathartica L.
and Euphorbia millii Des moul are inferior. And Calotropis procera R.Br. (purple-
flowered) and Euphorbia tirucalli L. showed the H/C ratio that close to crude oil.
While, the H/C ratio of polyphenol of Artocarpus heterophyllus Lam. is nearly to
natural gas (methane)

5.1.3. From studying about molecular components in oil fraction and
hydrocarbon fraction, the major components of petroleum product such as paraffin
series (alkane, fatty acid, and terpene) naphthenes aromatics and the compounds of
herteroatoms are found.

The components that found in paraffin series consists of alkane, which have
the carbon atom range of C; — C; in oil fraction, while the hydrocarbon fraction have
C7; — Cs. Moreover, the most abundant of area chromatogram were saturated fatty
acids. However we found a little of unsaturated acid, in which its compounds is able to
be a liquid at room temperature. The last important compounds in paraffin series are
terpene. We found them very small but terpene which we found were (monoterpene,
sesquiterpene, and diterpene) the best candidates to be used directly as fuel and
chemical feedstock without any further modification.

For the naphthene, this component is found the larger amount in hydrocarbon
fraction than oil fraction. However, this fraction was found in low quantity, which are
similar to aromatic and the compounds containing the heteroatoms both in oil and
hydrocarbon fraction.

5.1.4 Among the selected latex plant, Euphorbia tirucalii L., Euphorbia

antiquorum L. and Euphorbia millii Des moul are seem to be promissing for
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development as energy source especially Euphorbia antiquorum L.which is superior

than the others.

5.2. Recommendation

There are a number of useful recommendations for further research work as
follows:

5.2.1. As this research work was conducted in dry season that healthy of soil
might not be equivalent to soil in rainy season. Hence, the study on hydrocarbon
volume should be redone in other seasons for identifying volume of existing agents.

5.2.2. The growth rates of plant to support the calculation of the yield that the
plant can produce should be further studied.

5.2.3. From the study on the botanic components, there is a proper component
that can be changed to be liquid fuel. Consequently, the research on phases and
process of changing botanic hydrocarbon to liquid fuel should be further conducted.

5.2.4 From the result of this work, it showed E. antiquorum L. gave the high
biocrude yield moreover it is very hardy, available on arid or semiarid area, and quick-
growing species, which suitable for providing liquid fuel with low input of labour and
maintenance. So it should be examined to the appropriate condition for development

to liquid fuel.
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APPENDIX A

Figure of Plants

Euphorbiaceae

Science Name Science Name
Euphorbia tirucalli L. Euphobia antiquorum L.
Local Name Local Name

Phaya rai bai Salat dai
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Science Name Science Name

Euphobia millii Des moul Euphobia neriifolia L.
Local Name Local Name

Poi sian Som chao

Science Name Science Name
Pedilanthus tithymaloides [L.] Poi. Jatropha multifida Linn
Local Name Local Name

Sayaek Finton, Malako farang
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Asclepiadaceae

Science Name Science Name
Calotropis procera R.Br. Calotropis procera R.Br.
(White-flowered) (Purple-flowered)

Local Name Local Name
Rak khow Rak mung

Science Name
Cryptolepis buchanani Roem.& Schult

Local Name
Thao en on
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Moraceae

Science Name
Artocarpus heterophyllus

Local Name
Khanun

Apocynaceae

Science Name

Allamanda cathartica
Local Name

Banburi lueang
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APPENDIX B

EXPERIMENTAL DATA

Table B-1: Extracted oil fraction using hexane from individual plants.

plafme Plant wt.db** Oil/ 1g Plant wt.db Oil
(9) (9)) (wt.%db)
Euphorbiaceae
Euphorbia tirucalli L. 10.0036 0.0516 5.16 + 0.48%"
E. antiquorum L. 10.0044 0.0526 5.26 + 0.50°"
E. millii Des moul 10.0025 0.0486 4.86 + 1.25%"
E. neriifolia L. 10.0020 0.0611 6.11 +0.15"
Pedilanthus tithymaloides (L.) Poit 9.1922 0.0287 2.88 +0.88™"
Jatropha multifida L. 10.0016 0.0189 1.89 + 0.90%"
Asclepiadaceae
Calotropis procera R.Br 10.0036 0.0873 3.64 +0.30°"
(white-flowered)
C. procera R.Br. (purple-flowered) 10.0032 0.0404 4.04 +0.75°"
Cryptolepis buchanani Roem.& Schult 10.0008 0.0342 3.42 +0.45%
Moraceae
Artocarpus heterophyllus Lam 10.0020 0.0107 1.07 +£0.23"
Apocynaceae
Allamanda cathartica L. 10.0038 0.0219 2.19 +0.46°"

Remark: * Mean Difference Test by Duncan’s new multiple rang test
** weight on dry basis.
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Table B-2: Extracted hydrocarbon using cyclohexane from individual plants.

Plant wt.db** Hydrocarbon Hydrocarbon
Plants name /1g Plant wt.db
(9) (wt.%db)
@)
Euphorbiaceae
Euphorbia tirucalli L. 6.2170 0.0116 1.16 +0.24%
E. antiquorum L. 5.3778 0.0064 0.64 + 0.52°"
E. millii Des moul 6.6561 0.0034 0.34 +0.23""
E. neriifolia L. 6.3944 0.0004 0.004 + 0.002”
Pedilanthus tithymaloides (L.) Poit 4.6021 0.0193 1.93+0.73"
Jatropha multifida L. 6.9419 0.0008 0.08 + 0.03*"
Asclepiadaceae
Calotropis procera R.Br 5.9760 0.0033 0.33+0.10%"
(white-flowered)
C. procera R.Br. (purple-flowered) 5.8833 0.0118 1.18 +0.65%"
Cryptolepis buchanani Roem.& Schult 6.9733 0.0047 0.47 £ 0.15%"
Moraceae
Artocarpus heterophyllus Lam 7.2912 0.0017 0.16 + 0.08*"
Apocynaceae
Allamanda cathartica L. 7.4460 0.0090 0.90 + 0.06™"

Remark: * Mean Difference Test by Duncan’s new multiple rang test
** weight on dry basis.
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Table B-3: Extracted polyphenol fraction using ethanol 87.5% from individual plants.

Polyphenol / 1g

Plants name R wtdo™ Plant wt.db Polyphenol
@ (wt.%db)
@)
Euphorbiaceae
Euphorbia tirucalli L. 10.0036 0.1118 11.18 + 2.56°"
E. antiquorum L. 10.0044 0.1223 12.23 + 2.88%"
E. millii Des moul 10.0025 0.0916 9.16 +0.31°"
E. neriifolia L. 10.0020 0.0690 6.90 + 2.40%"
Pedilanthus tithymaloides (L.) Poit 9.1922 0.0572 5.72 + 2.66™"
Jatropha multifida L. 10.0016 0.0863 8.62 + 2.33%
Asclepiadaceae
Calotropis procera R.Br 10.0036 0.0701 7.01 +3.78%"
(white-flowered)
C. procera R.Br. (purple-flowered) 10.0032 0.0418 417 +1.95*"
Cryptolepis buchanani Roem.& Schult 10.0008 0.0568 5.68 + 0.49%"
Moraceae
Artocarpus heterophyllus Lam 10.0020 0.0356 3.55 + 1.52"
Apocynaceae
Allamanda cathartica L. 10.0038 0.0696 6.96 + 4.68™™"

Remark: * Mean Difference Test by Duncan’s new multiple rang test
** weight on dry basis.
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Table B-4: Biocrude extracts from individual plants

Biocrude/ 1g

Plant wt.db** Biocrude
Plants name Plant wt.db
(9) (wt.%db)
(9)

Euphorbiaceae

Euphorbia tirucalli L. 10.0036 0.1750 17.50 + 1.93 "

E. antiquorum L. 10.0044 0.1813 18.13+2.90 ™

E. millii Des moul 10.0025 0.1436 14.36 £1.70 ™

E. neriifolia L. 10.0020 0.1305 13.05+2.53 "

Pedilanthus tithymaloides (L.) Poit 9.1922 0.1053 10.53+3.99°

Jatropha multifida L. 10.0016 0.1059 10.59 +2.51°
Asclepiadaceae

Calotropis procera R.Br 10.0036 0.1098 10.98 +3.91°
(white-flowered)

C. procera R.Br. (purple-flowered) 10.0032 0.0939 9.39+222%

Cryptolepis buchanani Roem.& Schult 10.0008 0.0957 957 +1.02%®
Moraceae

Artocarpus heterophyllus Lam 10.0020 0.0478 4.78 +1.28*°
Apocynaceae

Allamanda cathartica L. 10.0038 0.1005 10.05+4.81°

Remark: * Mean Difference Test by Duncan’s new multiple rang test
** weight on dry basis.
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Table B-5: Elemental characterization of oil fraction in comparison with petroleum

products.
Plant name Carbon Hydrogen  Nitrogen Oxygen H/F:
(%) (%) (%) (%) ratio
Euphorbiaceae
Euphorbia tirucalli L. 60.44 8.84 0.32 30.40 1.76
E. antiquorum L. 56.52 10.15 0.44 32.89 2.15
E. millii Des moul 75.20 1150, 0.79 12.44 1.84
E. neriifolia L. 78.88 11.58 1.50 8.04 1.76
Pedilanthus tithymaloides (L.) Poit 77.54 11.04 0.67 10.75 1.71
Jatropha multifida L. 78.52 11.43 1.00 9.05 1.75
Asclepiadaceae
Calotropis procera R.Br 80.23 10.68 0.87 8.22 1.60
(white-flowered)
C. procera R.Br. (purple-flowered) 77.19 11.47 0.51 10.83 1.78
Cryptolepis buchanani Roem.& Schult 75.59 10.98 0.73 12.70 1.74
Moraceae
Artocarpus heterophyllus Lam 81.71 11.97 0.41 5.91 1.76
Apocynaceae
Allamanda cathartica L. 73.03 10.06 1.01 15.9 1.65
Crude oil 84.0 12.7 - 1.2 1.81
Fuel oil 85.6 11.98 - 0.60 1.68

Gasoline 84.9 14.76 - - 2.09
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Table B-6: Elemental characterization of hydrocarbon fraction in comparison with
petroleum product.

Plant name Carbon Hydrogen Nitrogen  Oxygen H/C

(%) (%) (%) (%) ratio

Euphorbiaceae

Euphorbia tirucalli L. 78.01 11.42 0.33 10.24 1.76

E. antiquorum L. 76.93 11.18 0.41 11.48 1.74

E. millii Des moul 72.86 9.74 0.40 17.00 1.60

E. neriifolia L. 80.65 10.91 0.51 7.93 1.62

Pedilanthus tithymaloides (L.) Poit 70.78 8.93 0.56 19.73 151

Jatropha multifida L. 79.63 9.51 0.44 10.42 1.43
Asclepiadaceae

Calotropis procera R.Br 79.28 10.41 0.03 10.28 1.58
(white-flowered)

C. procera R.Br. (purple-flowered) 64.22 8.96 0.26 26.56 1.67

Cryptolepis buchanani Roem.& Schult 73.55 10.47 0.34 15.64 1.71
Moraceae

Artocarpus heterophyllus Lam 79.61 9.41 0.34 10.64 1.42
Apocynaceae

Allamanda cathartica L. nd nd nd nd nd
Crude oil 84.0 12.7 - 1.2 1.81
Fuel oil 85.6 11.98 - 0.60 1.68
Gasoline 84.9 14.76 - - 2.09

Remark: nd mean no detected
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Table B-7: Elemental characterization of polyphenol fraction in comparison with
petroleum product.

Carbon Hydrogen  Nitrogen Oxygen H/C

Plant ;
antname (%) (%) (%) (%) ratio

Euphorbiaceae
Euphorbia tirucalli L. 59.83 9.72 1.09 29.36 1.95
E. antiquorum L. 45.81 10.46 0.65 43.08 2.74
E. millii Des moul 58.43 11.09 1.00 29.48 2.28
E. neriifolia L. 61.93 10.37 0.75 26.95 2.01
Pedilanthus tithymaloides (L.) Poit nd nd nd nd nd

h Itifida L.

Jatropha multifida - nd i nd nd

Asclepiadaceae
O rop i Pror 57.05" "\ 10.46 0.68 3161 219

(white-flowered)
C. procera R.Br. (purple-flowered) 58.28 10.22 1.45 30.05 2.10
Cryptolepis buchanani Roem.& Schult

nd nd nd nd nd

Moraceae

Artocarpus heterophyllus Lam 18.26 751 0.36 73.87 494
Apocynaceae

All hartica L.

amanda cAHgRIe 44.69 8.74 0.58 45.99 2.35

Crude oil 84.0 12.7 - 1.2 1.81
Fuel oil 85.62 11.98 - 0.60 1.68
Gasoline 84.9 14.76 - - 2.08

Remark: nd mean no detected
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Table B-8: Elemental characterization of biocrude in comparison with petroleum

product.
Plant name Carbon Hydrogen  Nitrogen Oxygen H/;
(%) (%) (%) (%) ratio
Euphorbiaceae
Euphorbia tirucalli L. 66.09 9.99 0.58 23.33 1.81
E. antiquorum L. 59.75 10.60 0.50 29.15 2.13
E. millii Des moul 68.83 10.80 0.73 19.64 1.88
E. neriifolia L. 73.82 10.95 0.92 14.31 1.78
Pedilanthus tithymaloides (L.) Poit 74.16 9.99 0.62 15.24 1.62
Jatropha multifida L. 79.08 10.47 0.72 9.74 1.59
Asclepiadaceae
Calotropis procera R.Br 72.25 10.51 0.53 16.70 1.75
(white-flowered)
C. procera R.Br. (purple-flowered) 66.56 10.22 0.74 32.48 1.84
Cryptolepis buchanani Roem.& Schult 74.57 10.73 0.54 14.17 1.73
Moraceae
Artocarpus heterophyllus Lam 59.86 9.63 0.37 30.14 1.93
Apocynaceae
Allamanda cathartica L. 58.86 9.40 0.79 30.95 1.92
Crude oil 84.0 12.7 - 1.2 1.81
Fuel oil 85.62 11.98 - 0.60 1.68

Gasoline 84.9 14.76 - - 2.08
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APPENDIX C

Statistic analysis

1. The statistical of oil yields from 11 plant species were analysis of variance by One-

way ANOVA and test differences with Duncan New Multiple Range test at o = 0.05

ANOVA
QOil yields (weight on dry basis)

Sum of .
Squares df Mean Square F Sig.
Between
Groups 75.143 10 7.514 17.391 .000
Within Groups 9.506 22 432
Total 84.649 32
Post Hoc Test
QOil Yields (weight on dry basis)
Subset for alpha = .05
S ) 1 2 3 4 5 6
A. heterophyllus Lam, 3| 1.069400
J. multifidaL| 3 1.886333 1.886333
A. cathartica L| 3| 2.192767| 2.192767
P. tithymaloides (L.) Poit,| 3 2.875500 2.875500
C. buchanani Roem.& Schultf 3 3.415733
C. procera R.Br.(white-flowered), 3 3.643000
C. procera R.Br.(purple-flowered), 3 4.038667| 4.038667
E. millii Des moul] 3 4.857067| 4.857067
E.tirucalliL| 3 5.160900| 5.160900 5.160900
E. antiquorumL,| 3 5.257000 5.257000
E. neriifoliaL| 3 6.107133
Sig. .059 .094 .058 .059 490 .108

Remark : Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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2. The statistical of hydrocarbon yields from 11 plant species were analysis of variance
by One-way ANOVA and test differences with Duncan New Multiple Range test at o
=0.05

ANOVA
Hydrocarbon yields (weight on dry basis)

Sum of .
Squares df Mean Square F Sig.
Between Groups 10.236 10 1.024 8.132 .000
Within 2.769 22 126
Groups
Total 13.005 32

Post Hoc Test
Hydrocarbon Yields (weight on dry basis)

Subset for alpha = .05
Name N 1 ) 3 1
E. neriifolia L. 3] 3.93000E-02
J. multifida L. 3 7.96333E-02
A. heterophyllus Lam. 3 .162433
C. procera R.Br. (white-flowered) S .328733 .328733
E. millii Des moul 3 .343733 .343733
C. buchanani Roem.& Schulf 3 468467 468467
E. antiquorum L. 3 .642067 .642067 .642067
A. cathartica L. 3 .896433 .896433
E. tirucalli L, 3 1.159900
C. procera R.Br.(purple-flowered) 3 1.177567
P. tithymaloides (L.) Poit. 3 1.933533
Sig. .081 .091 .103 1.000

Remark : Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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3. The statistical of polyphenol yields from 11 plant species were analysis of variance

by One-way ANOVA and test differences with Duncan New Multiple Range test at o

=0.05

ANOVA
polyphenol yields (weight on dry basis)

SSc:JLErC:aZ df Mean Square F Sig.
Between Groups 221.463 10 22.146 3.217 011
Within 151.474 22 6.885
Groups
Total 372.937 32
Post Hoc Test
Polyphenol Yields (weight on dry basis)
Subset for alpha = .05
name N 1 > 3 2
A. heterophyllus Lam. 3 3.547867
C. procera R.Br.(purple-flowered) 3 4.174500 4.174500
C. buchanani Roem.& Schult 3 5.682533 5.682533
P. tithymaloides (L.) Poit. 3 5.719467 5.719467
E. neriifolia L. 8 6.898233 6.898233 6.898233
A. cathartica L. 3 6.960667, 6.960667 6.960667,
C. procera R.Br. (white-flowered) 3 7.013133 7.013133 7.013133
J. multifida L. 3 8.624900 8.624900 8.624900 8.624900
E. millii Des moul 8 9.157000 9.157000 9.157000
E. tirucalli L. 3 11.183267, 11.183267
E. antiquorum L. 3 12.228400
Sig. .050 .054 .089 137

Remark : Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 3.000.
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4. The statistical of biocrude yields from 11 plant species were analysis of variance by

One-way ANOVA and test differences with Duncan New Multiple Range test at o =

0.05

ANOVA

biocrude yields (weight on dry basis)

SSc:JLErC:aZ df Mean Square F Sig.
Between Groups 442.439 10 44.244 5.426 .000
Within 179.397 22 8.154
Groups
Total 621.836 32
Post Hoc Test
Polyphenol Yields (weight on dry basis)
Subset for alpha = .05
name N 1 5 3
A. cathartica L. 3 4.779700
C. procera R.Br.(purple-flowered) 3 9.390733 9.390733
C. buchanani Roem.& Schult 3 9.566733 9.566733
A. heterophyllus Lam. 3 10.049867
P. tithymaloides (L.) Poit. 3 10.528500
J. multifida L. 3 10.590867
C. procera R.Br. (white-flowered) 3 10.984867
E. neriifolia L. 3 13.044667 13.044667
E. millii Des moul 3 14.357800 14.357800
E. tirucalli L. 3 17.504067
E. antiquorum L. 3 18.127600
Sig. .064| 077 .056

Remark : Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 3.000.
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APPENDIX D

Analysis of the components of the oil fraction and hydrocarbon

fraction from 11 plants

(A) The components of the oil fraction from Euphorbia tirucalii L.

Abundance
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(A1) The components of the hydrocarbon fraction from Euphorbia tirucalii L.

Abundance
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(B) The components of the oil fraction from Euphobia antiquorum L.

Abundance
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(B1) The components of the hydrocarbon fraction from Euphobia antiquorum L.

Abundance
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(C) The components of the oil fraction from Euphobia millii Des moul

Abundance
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(C1) The components of the hydrocarbon fraction from Euphobia millii Des moul
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(D) The components of the oil fraction from Euphobia neriifolia L.

Abundance

TIC: SOMH.D
3137 2¢
23.05

_1#5&

900000
800000
700000
600000
500000

400000

300000

200000 5.43

100000

G 7 - . T I e e [T
5.00 10.00 15.00 20.00 25.00 30.00 35.00

Time--=

(D) The components of the hydrocarbon fraction from Euphobia neriifolia L.

Abundance
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(E) The components of the oil fraction from Pedilanthus tithymaloides (L.) Poit

Abundance
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(E1) The components of the hydrocarbon fraction from
Pedilanthus tithymaloides (L.) Poit
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(F) The components of the oil fraction from Jatropha multifida L.

Abundance
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(F1) The components of the hydrocarbon fraction from Jatropha multifida L.
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(G) The components of the oil fraction from Calotropis procera R.Br.
(white-flowered)

Abundance
TIC: RAKWH.D
26| 1 z8ll s
900000
28 [tha
800000
B s 24.29
700000
2glln 7
600000
p7.3
500000
24.49 31.32
400000
24llao
22.9
300000 S>als o4
200000
100000
el e b it e Ml TT —1 - - g
5.00 10.00 15.00 20.00 25.00 30.00 35.00

Time--=

(G1) The components of the hydrocarbon fraction from Calotropis procera R.Br.
(white-flowered)

Abundance

95000

socooo

85000

s0000

75000

7oooo

65000

0000

55000

s0000

asooo

“ao0o000

35000

zZ0000

z2s000

zo0o000

15000

10000

soo0o

B.O6

1s.=2a

18.]0
ol h.d A

TIC: RAKWEY .D
=27

os

z6.

18 .93

=a1.85




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Tech. for Resou.&Env. Dev.) / 79

(H) The components of the oil fraction from Calotropis procera R.Br.
(purple-flowered)

Abundance
TIC: RAKVH.D
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(H1) The components of the hydrocarbon fraction from
Calotropis procera R.Br. (purple-flowered)
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() The components of the oil fraction from Cryptolepis buchanani Roem.& Schult
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(1;) The components of the hydrocarbon fraction from
Cryptolepis buchanani Roem.& Schult
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(J) The components of the oil fraction from Artocarpus heterophyllus Lam.
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(J1) The components of the hydrocarbon fraction from Artocarpus heterophyllus Lam.
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(K) The components of the oil fraction from Allamanda cathartica L.
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(K1) The components of the oil fraction from Allamanda cathartica L.
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APPENDIX E
Figure Yield of Extractives from Plants

These figures demonstrate the yield of extractives. The bottle in right is oil
fraction, in the middle is hydrocarbon fraction and in the left bottle is polyphenol

fraction.

Euphorbia tirocalli L. Euphorbia antiquorum L. Euphorbia millii Des Moul
Euphorbia neriifolia L. Pedilanthus tithymaloides (L.)Poit  Jatropha multifida L.

Calotropis procera R.Br. Calotropis procera R.Br. Crytolepis buchanani
(white-flowered) (purple-flowered) Roem.&Schult.

Artocarpus heterphyllus Lam Allamanda cathaitica L.
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