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Renewable chemicals and bioproducts 

Agave tequilana: succulent 
Common name: Blue agave 

Climatic conditions: temperate, Mediterranean 

Uses: 

Tequila is produced by removing the heart (piña) of the plant in its twelfth year. 
Harvested piñas normally weigh 40–90kg. This heart is stripped of its leaves and 
heated to remove the sap, followed by fermentation and distillation to produce tequila, 
ethanol and biofuel. An Australian company, AusAgave, is trying to develop an 
industry from blue agave and has signed an agreement with an international 
company, Byogy, to advance agave as an aviation biofuels feedstock. [45, 52] 

Chemicals: 

Extracted carbohydrates contain fructose, glucose and disaccharides. The homo-
isoflavanones 5, 7-dihydroxy-3-(4-methoxybenzyl)-chroman-4-one, 7-hydroxy-3-(4-
hydroxybenzyl)-chroman-4-one and 4-demethyl-3, 9-dihydro-punctatin were isolated 
from it. [8] 

Anacardium humile: shrub related to cashews 
Common name: Monkey nut 

Climatic conditions: tropical 

Uses: 

Fruits are eaten and the nuts are roasted before consumption. The fruits are rich in 
oil and essential oil from the leaves is used for insecticide. Cashew gum has good 
bonding properties. Leaves could be a potential alternative for treating worm 
infections in ruminants — the aqueous extract of leaves at 150mg/mL gave an 
efficacy of 97.3% and the ethanolic extract at 80mg/mL gave an efficacy of 99.6% for 
inhibiting the development of helminth larvae. [57, 52] 

Chemicals: 

Gum consists mainly of galactose, with tannins, flavenoids and alkaloids in the 
leaves. [52] 

Argania spinosa: medium-sized tree 
Common name: Argan tree 

Climatic conditions: semi-desert, Mediterranean 

Uses: 

The oil is used internally and externally and has been used for skin and 
cardiovascular diseases and hypertension, as well as for its anti-inflammatory, 
analgesic and cholesterol-lowering effects. The seed kernel produces argan oil; the 
seed is roasted before the oil is expressed to eliminate saponins. While the nut is 
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very bitter, the purified oil is as sweet as walnut oil and used in food and as flavouring. 
The oilcake is a thick chocolate-coloured paste called ‘amlou’, which is sweetened 
and served as a dip. The oil is also used for making hard yellowish soap and in 
cosmetics. Kernels contain 30–55% oil at US$40–50 for 500 millilitres (mL). Fruit 
yield per tree is 8–30kg per year and the tree starts bearing fruits when 5–6 year old; 
maximum production is reached at 60 years old. The wood is amazingly 
indestructible by insects and has been used in carpentry, charcoal and construction 
for centuries. [59, 27] 

Chemicals: 

Two new oleanene saponins were isolated from the methyl alcohol extract of the 
shell of A. spinosa. They possess protobassic acid and 16-alpha-protobassic acid as 
aglycones. The disaccharide moiety linked to C-3 of the aglycon is made up of two 
glucose units; the pentasaccharide moiety linked to C-28 is made up of arabinose, 
xylose and three rhamnose units. Fatty acid composition of argan oil includes: 
myristic 0–0.2%; pentadecanoic 0–0.1%; palmitic 11.7–14.3%; palmitoleic 0–0.2%; 
heptadecanoic 0–0.1%; stearic 5–5.9%; oleic 45.2–48.1%; linoleic 31.5–34.9%; 
linolenic 0–0.6%; nonadecenoic 0–0.1%; arachidic 0–0.4%; gadoleic 0–0.5%; and 
behenic 0–0.1%. 

The unsaponifiable matter composition (first reported in 1984) contains the following: 
carotenes (37%), tocopherols (8%), triterpene alcohols (20%), sterols (20%), and 
xantophylls (5%). The three major triterpene alcohols are butyrospermol (18.1%), 
tirucallol (27.9%), and beta-amyrine (27.3%); the four minor are lupeol (7.1%), 24-
methylene cycloartanol (4.5%), citrostadienol (3.9%), and cycloeucalenol (less than 
5%). 

Argan oil is about two times richer in tocopherol than olive oil (620mg/kg versus 
320mg/kg). The main tocopherol is by far alpha-tocopherol (69%), and beta- and 
gamma-tocopherol are found in roughly equal proportions (16% and 13%, 
respectively); delta-tocopherol is a minor component (2%). Beta-, gamma-, and delta-
tocopherol, known antioxidative agents, are probably responsible for the good 
storage properties. Argan oil is less sensitive to oxidation and rancidity than olive oil. 
This stability is attributed to the presence of tocopherols and polyphenols, such as 
caffeic acid and oleuropeine. [8, 58] 

Artocarpus elasticus: large tropical tree 
Common name: Wild breadfruit tree, Pekalong, Kian 

Climatic conditions: tropical 

Uses: 

The tree produces sticky latex used to make birdlime, glue used in trapping birds. 
The fruits and seeds (roasted) are edible. Seeds also contain an oil used as hair oil. 
The extract of leaves is used against roundworms. [54, 57, 59] 
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Chemicals: 

Leaves, fruit and bark contain saponins, polyphenols and flavonoids. New prenylated 
flavonoids, artelastoheterol, artelasticinol, cycloartelastox–anthone, 
artelastoxanthone and cycloartelastoxanthendiol were isolated from the root bark. 
The previously known compound artonol-A exhibited cytotoxic activity against the 
A549 human cancer cell line. Fractions from the wood of A. elasticus gave two 
prenylated flavones — artelastinin and artelastofuran — in addition to artelasticin and 
cyclocommunin. [52] 

Astragalus gummifera: perennial herb/small shrub 
Common name: Milk vetch 

Climatic conditions: Summers hot and dry, winters are mild with a little rain 

Uses: 

The tree produces a natural gum, tragacanth, used in cosmetics and aromatherapy, 
as well as a food stabiliser or thickener for ice cream. A yellow core in the centre of 
the sweet-tasting black root is used as a medicinal substance. Widely known as an 
energy tonic in China, Astragalus is fast becoming well known in Western cultures as 
an immune strengthening agent. The roots are harvested in autumn from four-year-
old plants and shipped worldwide. The latex is extracted by making an incision in the 
trunk and branches of trees growing in the wild. It also produces particles at the 
nanometre scale (100–200nm) that are used as an edible food coating. For example, 
cucumber spoilage caused by mould decreases when cucumber is stored with this 
coating and the shelf life also improves. [45, 54] 

Chemicals: 

A. gummifera produces cycloartane triterpene glycosides called astragalosides from 
the roots, as well as a variety of polysaccharides like astragalen, and isoflavone 
glycosides. The gum contains 70% tragacanthic acid or bassorin and the rest is D-
galacturonic acid and D-galactose, L-fucose, D-xylose, L-arabinose and L-rhamnose. 
[8, 52] 

Atriplex halimus: halophytic shrub 
Common name: Mediterranean saltbush 

Climatic conditions: Mediterranean 

Uses: 

The leaves are edible and the ash is used for making soap. Seeds are cooked and 
ground into a meal and used as a thickener in soups, or mixed with cereals to make 
bread. Shoots are burned to yield an antacid powder. [36, 45, 59] 

Chemicals: 

The accumulation of saponins and glycinebetaine by A. halimus might be exploited: 
the saponins (as biosurfactants) are effective in removing trace elements from 
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contaminated soils, while glycinebetaine, added as a feed supplement, can enhance 
the nutrition and growth of monogastric animals. From leaves and twigs, four new 
glycosylated flavonoids were isolated and their structures were elucidated as 3,5-
dimethoxymyricetin-3-O-beta-d-xylopyranosyl-7-O-fucopyranosyl--beta-d-
glucopyranoside, 3-methoxyquercetin-7-O-beta-d-fucopyranosyl--beta-d-
glucopyranosyl-3-O-beta-xylopyranosyl--beta-xylopyranoside, 3-methoxyquercetin-7-
O-alpha-l-rhamnopyranosyl-3-O-alpha-arabinofuranosyl-beta-d-glucopyranoside and 
3,5-dimethoxymyricetin-7-O-fucopyranosyl-beta-d-glucopyranoside. Further analysis 
on the extract revealed the presence of other myricetin, quercetin, isorhamnetin 
glycosides, simple phenolic acids and esters. [52] 

Backhousia citriodora: evergreen tree 
Common name: lemon myrtle 

Climatic conditions: subtropical 

Uses: 

Highly valued for their strong lemon flavour, the leaves and flowers used in tea 
blends and beverages, dairy foods, biscuits, breads, confectionery, pasta, syrups, 
liqueurs, flavoured oils, packaged fish (salmon), and dipping and simmer sauces. It 
can also be used as a lemon flavour replacement in milk-based foods, such as 
cheesecake, lemon flavoured ice cream and sorbet without the curdling problem 
associated with lemon fruit acidity. The source of intensive lemon flavour is citral that 
makes typically 95% of the steam-distilled lemon myrtle oil. The oil has the highest 
citral purity, typically higher than lemongrass. It is considered to have a ‘cleaner and 
sweeter’ aroma than lemongrass. The leaf is often used as dried flakes or in the form 
of an encapsulated flavour essence for enhanced shelf life. Lemon myrtle essential 
oil possesses antimicrobial properties and has potential as an antiseptic, as a surface 
disinfectant and as an antimicrobial food additive. The oil is a popular ingredient in 
health care and cleaning products, especially soap, lotions, skin-whitening 
preparations and shampoo. [59, 60] 

Chemicals: 

Citral as an isolate in steam-distilled lemon myrtle oil is typically 90–98%, and oil 
yield is 1–3% from fresh leaf. It is the highest natural source of citral. Citronellal is 
uncommon and used as an insect repellent. [52, 31] 
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Baptisia tinctoria: herbaceous perennial plant 
Common name: Wild indigo 

Climatic conditions: humid continental in the northern areas, to humid temperate in 
the central and middle Atlantic coast regions, to humid subtropical in the Gulf and 
south Atlantic regions. The southern tip of Florida is tropical. 

Uses: 

Young shoots are cooked and used as an asparagus substitute but are toxic in large 
quantities. A decoction of the roots is used as an antiseptic wash for wounds; dye is 
obtained from leaves in low quantities; and it can be used as a fly repellent. [54, 52] 

Chemicals: 

Alkaloids include baptitoxine, otherwise known as baptisine (poisonous); glycosides: 
baptisin (bitter and non-poisonous) and baptin (laxative and cathartic), as well as 
glycoprotein and arabinogalctan-proteins. [8] 

Bauhinia purpurea: small to medium deciduous tree 
Common name: Orchid tree, Camel’s foot, Butterfly tree 

Climatic conditions: temperate, tropical 

Uses: 

Bark of various bauhinia species contains considerable amounts of tannin widely 
used in the leather industry in India. Medicinal uses of the bark can be largely 
attributed to the presence of these tannins. Flavonoids are a common feature, with 
seeds containing high amounts of linolenic and oleic fatty acids (15% of non-drying 
oil) and low amounts of myristic and linolenic fatty acids. The tree also yields an 
edible gum. [54, 59, 52] 

Chemicals: 

Chemicals extracted are: 5,6-dihydroxy-7-methoxyflavone 6-O-beta-D-
xylopyranoside, bis (3,4-dihydroxy-6-methoxy-7,8-furano-5,6-mono-methylalloxy)-5-
C-5-biflavonyl and (4-hydroxy-7-methyl 3-C-alpha-L-rhamnopyranosyl)-5-C-5-(4-
hydroxy-7-methyl-3-C-alpha-D-glucopyranosyl) bioflavonoid, bibenzyls, 
dibenzoxepins, mixture of phytol fatty esters, lutein, beta-sitosterol, isoquercitin and 
astragalin. Gum is the source of B. purpurea agglutin, a lectin with an affinity to 
galactose and lactose, widely applied in biochemical, immunochemical and 
histochemical studies. [52] 
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Bauhinia variegata: small to medium deciduous tree 
Common name: Purple orchid tree 

Climatic conditions: tropical, subtropical 

Uses: 

Leaves make good fodder and are eaten by sheep, goats and cattle. The average 
annual fodder yield per tree is 15–20kg of dry matter. Leaves, flowers and flower 
buds are eaten as vegetables. The tree yields a gum and the bark produces tannins 
used in various shades of brown. Lipids: the seeds consist of 20% endocarp and 
80% kernel. The seed yields 16.5% of pale yellow, fatty oil on extraction with 
petroleum ether but only 6.1% in a hydraulic press (Al-Snafi 2008). [54, 59, 52] 

Chemicals: 

The tree contains terpenoids, flavonoids and tannins, saponins, reducing sugars, 
steroids and cardiac glycosides. Non-woody aerial parts yield six flavonoids, namely 
kaempferol, ombuin, kaempferol 7,4, dimethylether-3-o-beta-D-glucopyranoside, 
kaempferol-3-O-beta-D-glucopyranoside, isorhamnetin-3-O-beta-D-glucopyranoside 
and hesperidin together with one triterpene caffeate, 3-beta trans-(3,4 
dihydroxycinnamoyloxy)olean-12-en-28-oic acid. The stem bark is reported to contain 
5,7 dihydroxy and 5,7 dimethoxy flavanone-4-O, L rhamnopyrosyl-beta-D-
glycopyranosides, Kaempferol-3-glucoside, lupeol and beta-sitosterol. Constituents 
isolated from the leaves include lupeol, alkaloids, oil, fat glycoside, phenolics, lignin, 
saponins, terpenoids, beta-sitosterol, tannins, kaempferol-3-glucoside, rutin, 
quercetin, quercitrin, apigenin, apigenin-7-O-glucoside, amides, carbohydrates, 
reducing sugars, protein, vitamin C, fibres, calcium and phosphorus. The 
physiochemical characteristics of the oils for B. variegata: refractive index (40°C) 
1.4589, iodine value 84.5, saponification values (mg of potassium hydroxide/g of oil) 
191.3, peroxide value 1.9, and unsaponifiable matter 0.9%. The best extraction of the 
leaves was with methanol (11.5%) and alcohol (17.6%), and the best extraction of 
the bark was with methanol (13.2%) and alcohol (19%). [2] 

Betula lenta: medium deciduous tree 
Common name: Sweet birch, Black birch, Cherry birch, Mahogany birch or Spice 
birch 

Climatic conditions: humid continental in the northern areas, to humid temperate in 
the central and middle Atlantic coast regions, to humid subtropical in the Gulf and 
south Atlantic regions 

Uses: 

B. lenta was used commercially in the past for producing the herb oil of wintergreen. 
The sap flows about a month later than maple sap and much faster. The trees can be 
tapped in a similar fashion, but must be gathered about three times more often. Like 
maple sap, birch sap can be boiled, but its syrup is stronger (like molasses). Sweet 
birch is used for furniture, cabinets, boxes, woodenware, tool handles and millwork, 
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such as interior finish and flush doors. Paper pulp made from sweet birch is used in 
various amounts with other pulps to produce products such as boxboards, book and 
newsprint paper, paper towelling and corrugated paper. Birch oil has been produced 
commercially from sweet birch bark, but its use has declined with the introduction of 
synthetic products. Around 100 saplings and young trees are needed to produce a 
litre of the product, which was used to flavour candy and medicines. Sweet birch 
essential oil continues to be among the rarest oils on the market today. A variety of 
beer is made from birch bark and the wood is used by cabinetmakers. The oil distilled 
from the wood is an insecticide and fungicide and used to preserve furs, as an 
ingredient in cosmetic shampoos, in the sugar industry for flavouring and in 
perfumery. Birch tar oil, distilled from the wood and bark, is used to treat eczema, 
psoriasis and other skin diseases. Most sources indicate that birch oil, which 
replaced wintergreen oil, has been largely replaced by synthetic methyl salicylate. 
Salicylic acid is now synthesised and selling at $2.50 to $3 per kilogram. Salicylic 
acid is used as a coupling agent dye intermediates, in the foundry industry as a 
curing agent in the production of shell moulding compounds, as an agent for 
retarding the vulcanisation process in rubber, as a preservative for glues and leather 
goods and in alkyl/alkyd resins and latex paints. Birch seed is collected by picking or 
stripping the cones while they are still green (to prevent shattering). Ripe cones, on 
the other hand, are placed in bags to prevent loss of seed (Hill 2014). [7, 54, 59] 

Chemicals: 

An organic ester, methyl salicylate makes up 90% of the oil and gives sweet birch oil 
its renowned analgesic properties. Per 100g, the leaves are reported to contain, on a 
zero-moisture basis, 28.1g protein, 8.6g fat, 55.6g total carbohydrate, 16.9g fibre, 
and 7.7g ash; 3% mono-tropitoside salicylic acid primvercoside, gaultherin and 0.23–
0.6% essential oil, 99.8% of which is methyl salicylate. Buds produce 4–6% essential 
oil containing betulol. [52] 

Bixa orellana: shrub or small tree 
Common name: Lipstick tree 

Climatic conditions: tropical 

Uses: 

The inedible fruit harvested for its seeds, contains annatto. Annatto colourant and 
condiment from the red seed are used for traditional dishes such as cochinita pibil, 
rice, chicken in achiote and caldo de olla. It is also used to add colour to butter, 
cheese, popcorn, drinks and breads. Achiote is a distinctly coloured and flavoured 
mainstay of Mexican and Belizean cuisine. The paste dissolved in lemon juice, water, 
oil or vinegar to create a marinade can also be used to treat microbial infection. The 
main carotenoid detected in annatto seeds is bixin, soluble in fats but not in water. 
Achiote is one of the natural colourants (as well as paprika, curcuma and 
anthocyanin) whose use has been considered safer for human consumption then 
synthetic dyes, as well as economically advantageous for these industries. The 
seeds are ground and used as a subtly flavoured and colourful additive in Latin 
American, Jamaican, Chamorro and Filipino cuisine. Annatto is growing in popularity 

49 



Renewable chemicals and bioproducts 

as a natural alternative to synthetic food colouring compounds. While it has a distinct 
flavour of its own, it can be used to colour and flavour rice instead of the much more 
expensive saffron. The achiote has long been used by American Indians to make 
body paint, especially for the lips. Natto, obtained from the oily arils of the seeds, is 
the world’s second most important (after caramel) natural dye, yielding yellow to red 
colours. The colours produced by several apocarotenoides may reach up to 7% of 
the seed’s dry mass. Bark from the branches of the trees yields a water-soluble gum. 
Seeds contain characteristic pleasant-smelling oil. A waxy substance that has 
paralytic action on mammalian intestinal parasites is present in the seed coat. Bixin 
extracted from the seed coat is used in India as an insect repellent. Yields, after four 
years, can pass 2t/ha with 0.9–6.9% (average about 2.5%) bixin covering the seeds 
in a sticky resin. [54, 52] 

Chemicals: 

Extracted from leaves, a bioactive sesquiterpene from achiote exhibited moderate 
antifungal activity. Bixin, a red-coloured carotenoid, is the pigment present in high 
concentration in the annatto seed aril. The major oily constituent of annatto seeds is 
geranyl geraniol, representing 1% of dry seeds. Norbixin is a demethylated derivative 
of bixin and, although it is a naturally occurring compound, it is usually referred to as 
a saponification product of bixin. This is the form used for commercial purposes. 
Chemical compounds identified in aqueous and organic extracts are bornyl acetate, 
alpha-caryophyllene, copaene, alpha-cubebene, (+)-cyclosativene, geranyl phenyl 
acetate, 1-heptanetiol, 3-methylpyridine, 4-methylpyridine gamma-elemene, beta-
humulene, isoledene, beta-pinene, seline-6-en-4-ol, delta-selinene, (−)-spathulenol, 
and (+)-ylangene). Carotenoid cleavage dioxygenases are a class of enzymes 
involved in the biosynthesis of a broad diversity of secondary metabolites known as 
apocarotenoids, a type of organic compound widely occurring in living organisms as 
Bixa orellana. Examples of apocarotenoids include vitamin A retinoids retinal, retinoic 
acid, retinol and lastly the plant hormone abscisic acid. Abscisic acid owes its name 
to its role in the abscission of plant leaves, but plays a very important role in many 
other plant developmental processes, such as inhibition of fruit ripening, and is also 
the source of new drugs against inflammatory diseases, such as influenza. The leaf 
extracts of achiote (B. orellana) also showed maximum activity against Bacillus 
pumilus. The insides of the pods are used to treat skin diseases in dogs. [8] 

Boronia megastigma: shrub 
Common name: Brown boronia 

Climatic conditions: Mediterranean 

Uses: 

The oil is used in perfumes and as a food additive that enhances fruit flavours. In 
Tasmania, the production of an essential oil from clonal selections has been 
developed, with commercial production from plantations not meeting demand. 
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Concrete and absolute1 are produced by steam distillation. The concrete appears to 
be a dark green, butter-like product that has a pleasant, warm, woodsy-sweet odour. 
Absolute is a green dense liquid with a fresh fruity and spicy aroma with a floral 
nuance. Boronia absolute is extracted from blossoms primarily for use as a food 
additive, creating blackcurrant flavour and to enrich other fruit flavours in beverages, 
ice creams, candy and baked products. [32, 54] 

Chemicals: 

The two main aroma compounds of the oil are β-ionone and dodecyl acetate. Five 
apocarotenoids identified were hydroxy-apo-10-carotenoic acid, methyl hydroxy-apo-
10-carotenoate, apo-10-carotenoic acid, apo-10-carotenal and methyl apo-10'-
carotenoate. The main constituents in absolute are beta-ionone, heptadec-8-ene, 8-
hydroxylinalyl esters, methyl-4-(geranyloxy) cinnamates, methyl-4-(5-
hydroxygeranyloxy) cinnamates, N-2-4-prenyloxyphenyl ethyltiglamide and 3-
hydroxymegastigm-7-en-9-one. Essential oil of mature fruit was found to contain the 
following compounds: alpha-pinene 418μg/g, beta-pinene 165μg/g, limonene 
1,769μg/g, beta-ionone 14μg/g and dodecyl acetate 5μg/g. Lysigenous glands were 
found to be the main volatile oil-secreting organs and are found in all plant tissues 
except the stigma and androecium. These glands were the main sources of 
monoterpenes, α-pinene, β-pinene and limonene. [8] 

Boswellia serrata: medium to large deciduous tree 
Common name: Indian frankincense 

Climatic conditions: tropical 

Uses: 

The plant yields fragrant gums or resins that are burned as incense. It is a potent 
analgesic and anti-inflammatory. The oleo gum resin is tapped by shaving off a thin 
band of bark about 20cm wide and 30cm long, at a height of 15cm from the base of 
the tree. A resin or ‘sap’ seeps from openings in the bark and is sometimes burned 
as an aromatic. The entire species of Boswellia is commonly known as frankincense. 
A mature tree yields about 1–1.5kg of gum per year. The fixed oil is usually pale 
yellow in colour and has an agreeable odour. Essential oil is obtained by steam 
distillation, with yield up to 16% oleo gum resin. The oleo gum resin is scraped off 
and collected in a circular tray placed around the trunk. It is collected in a semisolid 

1  The substances extracted during the solvent extraction method are placed in a distillation 
vessel and gentle heat is applied. This heat is just enough to recover the solvent still in the 
mixture and no volatile constituents of the oil are driven off. After the solvent has been 
removed, a near-solid wax-like substance called a 'concrete' is left. An absolute is made 
by melting a concrete by warming with some alcohol and then stirring it. The alcohol 
mixture is distilled in a vacuum to remove the alcohol and the remaining substance is an 
'absolute'. An absolute is the most concentrated form of fragrance (and the most costly), 
and is mostly used in the perfume industry. 
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Chemicals: 

Methanol extract of the aerial parts yielded flavonoid glycosides quercetin 3-O-
rutinoside (rutin, acacetin 7-O-rutinoside), apigenin 7-O-b-D-((6-p-coumaroyl)-
glucopyranoside, apigenin 7-O-b-D-glucopyranoside and apigenin 7-O-b-D-(6-(3, 4-
dihydroxybenzoyl)-glucopyranoside ( chrozophorin). [20] 

Cistus albidus: perennial shrub 
Common name: Rockrose 

Climatic conditions: Mediterranean 

Uses: 

The leaves are used as a tea substitute. The dried leaves are sometimes used as an 
ingredient for marjoram. It emits volatile oils, rendering the plants flammable. [59, 52] 

Chemicals: 

Leaves contain an oleoresin with α-zingiberene as the main constituent. [5] 

Cistus ladanifer: perennial shrub 
Common name: Labdanum 

Climatic conditions: Mediterranean 

Uses: 

The whole plant is covered with the sticky exudate of a fragrant resin — gum cistus 
— scraped from the leaves. The leaves yield a fragrant oleoresin known as 
labdanum, used in perfumes and especially as a fixative. The plant product most 
closely resembles ambergris obtained from whales and has insecticidal properties. 
[54, 59, 52] 

Chemicals: 

The main components are α-pinene (39%), viridiflorol (11.8%), ledol (3.3%) and 
bornyl acetate (3.1%). The essential oil contains cyclosativene, γ-cadinene, (E)-β-
farnesene and β-eudesmol. Three new diterpenic acids have been isolated: 6,8 
labdadien-15-oic, 7-oxo-8-labden-15-oic and 6β-acetoxy-7-oxo-8-labden-15-oic acids, 
beside labdanolic, 6-oxocativic,7α-hydroxy-8-labden-15-oic, 8α-methoxy-labda-15-oic 
and 8α-hydroxy-13(E)-labden-15-oic acids. [45] 

Colubrina asiatica: vine but can flower and fruit as a shrub 
Common name: Latherleaf 

Climatic conditions: tropical and subtropical Australia 

Uses: 

The plant has medicinal properties, with the leaves forming a lather when crushed 
and when added to water used as soap. The fruit is used as fish poison. Saponins 
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from the leaves inhibit spontaneous motility of mice and show an antagonistic effect 
on amphetamine and a synergistic activity on chlordiazepoxide. It can be invasive if 
out of place in the tropics and is native to the East Kimberley. [32, 59, 52] 

Chemicals: 

The bark yields saponin. Plant extracts yield alkaloids, flavonoids, unsaturated sterol 
and triterpene, steroid glycoside, anthraquinone, saponin, tannin and phenols. 
Leaves yielded two saponins: jujubogenin-3-O-(2-O-acetyl-3-O-(3-O-beta-D-
xylopyranosyl-4-O-acetyl-beta-D-glucopyranosyl)-alpha-L-arabinoside) 
(colubrinoside) and jujubogenin-3-O-(2-O-acetyl-3-O-(2-O-beta-D-xylopyranosyl-
beta-D-glucopyranosyl)-alpha-L-arabinoside) (colubrin). Chlorogenic acids were the 
other main components. Leaves also contain kaempferol, 3-O-rutinoside and rutin. 
[22] 

Combretum erythrophyllum: hardy, medium to large tree 
Common name: Hiccup nut 

Climatic conditions: savanna 

Uses: 

The roots are used as a deworming remedy for dogs. Gum exuded by the plant 
contains a substance that prevents hot glue from setting while it cools. Application of 
leaf extracts against two foodborne pathogens resulted in a general trend of 
increasing the percentage inhibition while simultaneously enhancing the metabolic 
activity of the biofilm; active compounds present in the plant extracts are able to 
disrupt the integrity of the microbial cell wall, leading to growth inhibition of the 
microbial population. [59, 52] 

Chemicals: 

The flavonoids apigenin, kaempferol and genkwanin are present in the leaves. 
Extracts have been tested for their potential value as antimicrobial agents for the 
control of listeria and candida biofilms. [48] 

Commiphora myrrha: small, thorny shrub or tree 
Common name: Myrrh 

Climatic conditions: savanna, desert 

Uses: 

Myrrh resin is a natural gum. It has been used throughout history as a perfume, 
incense and medicine. When a tree wound penetrates through the bark and into the 
sapwood, the tree produces the resin. Myrrh aloe gums effectively improve glucose 
tolerance in normal and diabetic rats and produce analgesic effects on mice 
subjected to pain. Myrrh has been shown to lower cholesterol low density lipoprotein 
levels, as well as to increase the high density lipoprotein (good cholesterol). Myrrh is 
used as an antiseptic in mouthwashes, gargles and toothpastes and toothpowders. 
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Research data indicates the extract killed all of the cancer cells in laboratory dishes. 
It is toxic to goats. [10, 59, 52] 

Chemicals: 

The main chemical components of myrrh oil are α-pinene, cadinene, limonene, 
cuminaldehyde, eugenol, m-cresol, heerabolene, acetic acid, formic acid and other 
sesquiterpenes and acids. The plant yields up to 17% volatile oil (including m-cresol, 
eugenol, formic acid, acetic acid and heerabolone); up to 40% resin (including 
commiphoric acids); up to 60% gums and bitter principle. The oil is thick, pale yellow 
and contains myrrholic acid and heerabolene, a sesquiterpenene. C-6 oxygenated 
furanosesquiterpenoids 1-4 originate from adulterant resins such as C. sphaerocarpa, 
C. holtziana and C. kataf. The six main characteristic compounds of myrrh have been 
identified as furanoeudesma-1, 3-diene, lindestrene, furanodiene, 2-
methoxyfuranodiene, and 2-acetoxyfuranodiene and isofuranogermacrene (synonym: 
curzerene). [25] 

Commiphora schimperi: xerophytic shrub 
Common name: Glossy-leaved corkwood 

Climatic conditions: dry tropical, subtropical 

Uses: 

A decoction made from the bark is used to treat children with diarrhoea. Propagation 
is by seed or stem cuttings. It was used by the Pedi people of Africa for making fire 
sticks. Roots of young plants are chewed because of their juicy sweet taste and to 
quench thirst. Gum resin was found to be a good surfactant that could be used in 
detergent manufacture because of its foaming characteristics. Gum extract from the 
gum resin exudate contains myrrh resin (25–40%), essential oil (3–8%), and bitter 
principles. The bark peels off in small, yellowish, papery flakes. Dried resins are 
fragrant and have been used as a fragrance and for medicinal purposes. [10, 59] 

Chemicals: 

The plant contains a flavonol kaempferol, as well as myrrh. [25] 

Copaifera langsdorffii: large tree 
Common name: Diesel tree, Kerosene tree 

Climatic conditions: tropical 

Uses: 

The wood is light because of its porosity and is honeycombed with capillaries filled 
with oil. Tapping the tree involves cutting a well into which the oil seeps and where it 
can be easily collected. Despite its vigorous production of oil, the tree does not grow 
well outside of the tropics and does not show promise as a reliable source of 
biodiesel in temperate climates. [59, 52] 
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Chemicals: 

The main compound in the oil is copaiba, an oleoresin that is useful in producing oil 
products, such as lacquers, and as biodiesel. The tree is also the source of copaene 
(from wood and foliage), which is another terpene. One tree can produce from 1 litre 
to 53 litres of hydrocarbons per year (Navie & Csurhes 2010). The oil contains beta-
Caryophyllene (53.3%) — with a chemical structure closest to napthene — 
Germacrene B (8.7%) and 6.5% beta-Selinene (from wood and foliage). The oil 
contains mainly oleic acid (33%) and linoleic acid (45%). [8] 

Couma utilis: large tree 
Common name: milk tree, sorva 

Climatic conditions: tropical 

Uses: 

All parts of the plant are rich in white and sweet latex. The fruit is edible and the latex, 
especially latex tapped from the trunk, is used in chewing gum (substitute for chicle 
gum), varnishes and paints. Bark cuts produce the latex. The fruits can be consumed 
when the rind takes a dark colouration and the pulp gets a smooth consistency. At 
this point, the presence of latex is at the minimum. The latex, diluted in water, makes 
an excellent drink known as sorva (Brazil), juansoco (Colombia), or leche caspi 
(Peru), and often substituted for dairy milk in coffee. The tree flowers after three 
years, yields 40kg fruit/ tree/year and 15t/ha at a density of 400 plants/ha. [59, 52] 

Chemicals: 

Seeds consist mainly of polysaccharides, glycoproteins and triacylglycerides. [8] 

Crambe abyssinica: oilseed annual 
Common name: Crambe 

Climatic conditions: Mediterranean 

Uses: 

The oil is used as an industrial lubricant, a corrosion inhibitor and as an ingredient in 
the manufacture of synthetic rubber and biodiesel. It can also be used in surfactants, 
slip and coating agents. Crambe should be grown in isolation to canola to minimise 
contamination. Yields vary with reports of 1200–2000kg/ha. The global market for the 
oil is estimated to be 53 000t (equating to over 300 000t of crambe seed). Crambe is 
a low input crop. Other products include heat transfer fluids, cosmetics, polyesters, 
plastics and nylons. In the Victorian Mallee, oil content of the grain varied from 36–
43%. [59, 8] 

Chemicals: 

Inedible seed oil, extracted from the seeds, consists of 55–60% erucic acid. 
Intermediate product derived from high erucic acid oil include triglycerides, 
erucamides, amines, behenic acid, erucyl alcohol, behenyl alcohol, wax esters, fatty 

59 



Renewable chemicals and bioproducts 

acids, brassylic acid and pelargonic acid. Erucic acid and its derivatives, erucamide 
and behenylamin, are used in plastics, foam suppressants and lubricants. Potentially, 
the oil could be hydrogenated to yield a hard wax that could be used in cosmetics 
and candles. Oxidative ozonolysis of erucic acid yields brassylic acid and pelargonic 
acid. Brassylic acid can be transformed into a liquid wax for use in high-pressure 
lubricants (Cole 1976). [8] 

Curcuma amada: perennial herb 
Common name: Mango ginger 

Climatic conditions: tropical 

Uses: 

Rhizomes look like ginger, taste like raw mango and it are closely related to turmeric. 
Another product is cut flowers. The rhizomes are used for preparing pickles, chutney, 
preserve, candy, sauce and salad and in meat and other culinary preparations. They 
have excellent medicinal properties, inhibiting H+/K+-ATPase and Helicobacter pylori 
growth. [52] 

Chemicals: 

Major chemical components are starch, phenolic acids (cafeic 26%, getisic 24%, 
ferulic 20%, gallic 10% and cinnamic 7%), ocimene, volatile oils, curcuminoids and 
terpenoids like difurocumenonol, amadannulen and amadaldehyde. Difurocumenonol 
is a novel antibacterial compound that was successfully isolated and characterised 
from mango ginger rhizome. The two major components of the oil are beta-myrcene 
(63.85%) and alpha-asarone (30.27%). The rhizomes also contain mangiferin, a 
bioactive compound having potent nutraceutical, strong antioxidant and 
pharmacological significance. [56] 

Cymbopogon martinii: perennial grass 
Common name: Palmarosa grass 

Climatic conditions: tropical 

Uses: 

This grass is cultivated in India for its oil and used in the cosmetics and perfume 
industry. It produces 0.7% w/w (weight-by-weight) oil per green base and used as a 
flavouring agent. Palmarosa oil has been shown to be an effective insect repellent 
when applied to stored grain, an anthelmintic against nematodes, an antifungal 
medication and mosquito repellent. [54, 59] 

Chemicals: 

The oil contains 80–90% geraniol. Essential oil yield and concentrations of linalool, 
alpha-terpineol, geranyl isobutyrate and geraniol are relatively higher in the essential 
oils of mature, older leaves. Essential oil recovery and percentages of myrcene, beta-
caryophyllene, geranyl acetate, farnesol and geranyl hexanoate, were higher in the 
essential oils of young, expanding leaves. [12] 
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Duboisia hopwoodii: shrub 
Common name: pituri, emu poison 

Climatic conditions: 

Uses: Arid 

Emu poison is native to the arid interior region of Australia. It is traditionally used as 
chewing tobacco, but is toxic to horses, goats, sheep and camels. [6, 59] 

Chemicals: 

Tropane alkaloids in roots are pyndmealkaloid. Root material contains nor-nicotine, 
hyoscyamine, myosmine and N-formylnornicotine, cotinine and N-acetylnornicotine. 
The leaves contain nicotine (3.3%), nor-nicotine, hyoscyamine and scopolamine 
(used in various medicinal drug preparations). [30] 

Duboisia leichhardtii: small, perennial shrub or tree 
Common name: corkwood tree 

Climatic conditions: dry temperate 

Uses: 

About 90% of the world’s production of alkaloids from this shrub comes from the 
south Burnett Region in southeast Queensland. [6] 

Chemicals: 

This shrub contains a high concentration of the tropane alkaloids (5%), scopolamine 
(6–46%) and hyoscyamine (10–80%) and is a source of atropine and hyoscine. [23] 

Eucalyptus dives: small tree 
Common name: Broadleaf peppermint 

Climatic conditions: dry temperate 

Uses: 

Extracts from leaves are used in the flotation process for separating metallic sulfides 
from ore. The oil yield is high at 4.7% of the leaf fresh weight. Piperitone is used in 
producing synthetic menthol and as flavouring in black tea. Phellandrene-rich oils are 
excellent paint removers and solvents for grease, fats and oils. It was harvested 
commercially in the past. [10, 59] 

Chemicals: 

The oil contains cineole, phellandrene and piperitone. [49] 
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Eucalyptus macarthurii: small tree 
Common name: Camden woolybutt 

Climatic conditions: temperate, subtropical 

Uses: 

Leaves produce fragrant oil that in the past was harvested commercially. This oil is 
sweet, fruity and rosy, with undertones of spiced wood. It is one of the few eucalyptus 
oils used exclusively in perfumery. The plant is also used for pulp and paper 
production. [59] 

Chemicals: 

Oil containing geranyl acetate is extracted from the bark and leaves. [49] 

Eucalyptus phellandra: small tree 
Common name: Narrow-leaf peppermint 

Climatic conditions: temperate 

Uses: 

Leaf extracts are used in the flotation process for separating metallic sulfides from 
ore. Phellandrene-rich oils are excellent paint removers and solvents for grease, fats 
and oils. [32] 

Chemicals: 

The oil contains phellandrene and piperitone. [49] 

Eucalyptus polybractea: small, multi-trunked sclerophyll tree 
Common name: Blue-leaved mallee 

Climatic conditions: temperate 

Uses: 

The mallee form, regenerative ability and high oil content make it a very suitable 
species for harvesting in natural stands. Leaves are used to produce eucalyptus oil 
with very high levels of cineole (up to 91%), yielding 0.7–5% fresh weight overall. The 
oil is primarily used medicinally and for flavouring (McMahon et al. 2010). [10, 59] 

Chemicals: 

The oil contains mainly cineole. [49] 
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Other eucalypts [32, 49] 
E. kochii and E. horistes: Essential oils contain monoterpene cineole. 

E. astringens: Brown mallet 

Bark contains up to 40%-condensed tannins used for tanning leather and 
manufacturing adhesives. The timber is good for general construction, tool handles 
and mining timber. 

Exocarpos cupressiformis: small semiparasitic tree 
Common name: Bush cherry 

Climatic conditions: temperate 

Uses: 

The edible fruit — actually a nut containing the seed, like the acorn — is found on the 
outside of the fleshy false ‘fruit’, which is actually the stalk. It makes excellent 
furniture timber. Leaves are toxic to animals and used to create a smoke for repelling 
insects. The acetylenic fatty acid promotes antibacterial, antifungal, antiparasitic and 
antitumoural activities. It interferes with the metabolism of lipids and fatty acids by 
inhibiting cyclo-oxygenase and lipoxygenase enzymes. [52] 

Chemicals: 

It contains acetylenic fatty acid and wyeronic acid, the most abundant of the unusual 
fatty acids. [49] 

Ferula communis: tall herbaceous perennial 
Common name: Giant fennel 

Climatic conditions: Mediterranean 

Uses: 

The leaves and gum are edible. A gum, ‘Gum Ammoniac’, obtained by notching the 
root, is used as incense and has medicinal value. The stems are used in furniture 
making. The dried pith used as tinder burns very slowly inside the stem and can be 
carried from one place to another. [27, 54, 59] 

Chemicals: 

It contains a phenolic compound, ferulic acid, as well as coumarins and daucane 
sesquiterpenes, with its most important characteristic the synthesising of 4-
hydroxycoumarins. Analysis of the inflorescence oil of the giant fennel; growing wild 
in Corsica; identified 46 components representing 96.3% of the amount of the 
inflorescence oil. The main constituents were myrcene (53.5%), limonene (6.9%) and 
alpha-pinene (6.6%). Several sesquiterpernes were present at an reasonable levels: 
aristolene (8.5%), farnesol (4.3%) and gurjunene (1.4%). The oil obtained from the 
spike has a similar qualitative composition; however, it differs quantitatively, with the 
major components being aristolene (70%) and myrcene (9.3%). The occurrence of 
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sesquiterpenes and the lack of monoterpenes characterises the root oil. Man and all 
animal species are sensitive to F. communis toxicity. Monoterpenes with α-pinene 
(35.2–40.6%) are the dominant component of the essential oils. [14] 

Ferula tingitana: perennial herb 
Common name: Giant Tangier fennel 

Climatic conditions: Mediterranean 

Uses: 

This herb is used as an insecticide. The root is an important source of medical gum 
resin ammoniacum. [54, 58] 

Chemicals: 

A new sesquiterpene ester, tingitanol, is assigned as 1-beta, 3-beta-dihydroxy-4-
alpha, 8-alpha-diangeloyloxydauc-5-ene. Gum resin from the plant is called silphion. 
Roots contain the same compounds as resin: sesquiterpenes as well as aromatic 
ketone, latifolon. [39] 

Garcinia lateriflora: small tree 
Common name: Bolivian mangosteen 

Climatic conditions: tropical 

Uses: 

In Australia, yielding age is from four to six years from seed. Stem bark exhibited 
proteasome inhibitory activity and cytotoxicity towards HT-29 human colon cancer 
cells. The fruit is edible. The skins of the achachairu (G. humilis) fruit, when made 
into a drink, help to suppress hunger, much like its close relative, the gamboge (G. 
tinctoria). Unlike purple mangosteen (G. mangostana), the thin skin/pericarp is not 
bitter and its flavour can be extracted in a juicer and used to make a refreshing drink 
by adding sugar to taste. The refreshing fruit has a fantastic flavour, resembling 
purple mangosteen (G. mangostana), but with the advantage of being able to be 
grown in colder climates. The ripe fruit is used in making sweetmeats or jam. The 
seeds contain 8–9% oil (by weight), which is used in Brazil in poultices on wounds, 
whitlows, tumours and, externally, over an enlarged liver. An infusion of the pulp has 
a narcotic action with an effect like that of nicotine. [52] 

Chemicals: 

The stem bark contains lateriflorone. Garcinia is a rich source of secondary 
metabolites, especially triterpenes, flavonoids, xanthones and phloroglucinols. Leaf 
extraction produces alkaloids, flavonoid, tannins, anthraquinone and saponins. [55] 
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Garcinia livingstonei: evergreen shrub or small tree 
Common name: African mangosteen, imbe 

Climatic conditions: tropical, subtropical 

Uses: 

Male and female plants are needed to obtain fruit. The fruit is a small, bright, orange, 
thin-skinned berry 1–4cm in diameter, with one large seed. The small yield of edible 
fruit is pleasantly sweet, yet acidic, but also contains latex that some people find 
unpleasant. The bark is reddish brown to dark grey, exuding yellow or red resinous 
latex when cut, with the yellow oily sap used to manufacture arrow poison. Extracts 
from flowers and leaves have antibiotic properties. [32, 41, 59, 52] 

Chemicals: 

Moarello-flavone (BGH-II) and a new biflavonyl, BGH-111, along with optically active 
amentoflavone and podocarpus flavone A, have been isolated from the phenolic 
extractives of heartwood, bark and leaves. The tree is also a source of Guttiferon and 
prenylated xanthones. Rind of the fruit is rich in pectin and benzophenones and 
biflavonoids may be extracted from the fruits. [8, 18] 

Gaultheria fragrantissima: small tree 
Common name: Fragrant wintergreen 

Climatic conditions: Ranges from tropical at the base of the mountains to permanent 
ice and snow at the highest elevations 

Uses: 

Leaf extracts are used as flavouring for candy, a counter-irritant and treatment 
against rheumatism, and is an effective vermicide against hookworm. The fruit is 
edible — raw or cooked — purplish-blue and about 8mm in diameter. Leaves are 
chewed raw to relieve thirst. An essential oil obtained from the leaves is used as 
flavouring and a tea is made from the leaves. The leaves yield around 1.25% of an 
essential oil, which is a wintergreen substitute and used in perfumery, as a hair oil 
and medicinally. [54, 58] 

Chemicals: 

About 1.5% of oil extracted from leaves contains 95–99% methyl salicylate; formerly 
used in producing salicylic acid. [55] 

Geranium wallichianum: hardy, flowering perennial herb 
Common name: Wallich geranium 

Climatic conditions: temperate, tropical at the base of the mountains to permanent 
ice and snow at the highest elevations 
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	Appendix A Plant species
	Abies balsamea: small to medium evergreen tree
	Acacia conferta: shrub or small tree
	Acacia dealbata: shrub or small tree
	Acacia mearnsii: shrub or small tree
	Acacia pycnantha: shrub or small tree
	Acacia rossei: shrub or small tree
	Other acacias [34, 54, 60]
	Acorus calamus: perennial wetland monocot
	Adenandra fragrans: evergreen shrub
	Agathosma apiculata: densely leafy shrub
	Agathis australis: large, slow growing coniferous tree
	Agave tequilana: succulent
	Anacardium humile: shrub related to cashews
	Argania spinosa: medium-sized tree
	Artocarpus elasticus: large tropical tree
	Astragalus gummifera: perennial herb/small shrub
	Atriplex halimus: halophytic shrub
	Backhousia citriodora: evergreen tree
	Baptisia tinctoria: herbaceous perennial plant
	Bauhinia purpurea: small to medium deciduous tree
	Bauhinia variegata: small to medium deciduous tree
	Betula lenta: medium deciduous tree
	Bixa orellana: shrub or small tree
	Boronia megastigma: shrub
	Boswellia serrata: medium to large deciduous tree
	Butea monosperma: medium tree
	Catharanthus roseus: subshrub or herb
	Calycanthus floridus: deciduous shrub
	Caryocar glabrum: large tree
	Ceratonia siliqua: evergreen shrub or tree
	Chimaphila umbellata: small perennial flowering plant
	Chrozophora tinctoria: perennial herb or undershrub
	Cistus albidus: perennial shrub
	Cistus ladanifer: perennial shrub
	Colubrina asiatica: vine but can flower and fruit as a shrub
	Combretum erythrophyllum: hardy, medium to large tree
	Commiphora myrrha: small, thorny shrub or tree
	Commiphora schimperi: xerophytic shrub
	Copaifera langsdorffii: large tree
	Couma utilis: large tree
	Crambe abyssinica: oilseed annual
	Curcuma amada: perennial herb
	Cymbopogon martinii: perennial grass
	Duboisia hopwoodii: shrub
	Duboisia leichhardtii: small, perennial shrub or tree
	Eucalyptus dives: small tree
	Eucalyptus macarthurii: small tree
	Eucalyptus phellandra: small tree
	Eucalyptus polybractea: small, multi-trunked sclerophyll tree
	Other eucalypts [32, 49]
	Exocarpos cupressiformis: small semiparasitic tree
	Ferula communis: tall herbaceous perennial
	Ferula tingitana: perennial herb
	Garcinia lateriflora: small tree
	Garcinia livingstonei: evergreen shrub or small tree
	Gaultheria fragrantissima: small tree
	Geranium wallichianum: hardy, flowering perennial herb
	Gevuina avellana: small tree
	Grewia bicolor: small tree
	Gymnema sylvestre: herb
	Hedysarum coronarium: perennial herb
	Homoranthus virgatus: shrub
	Hyssopus officinalis: herbaceous plant
	Ilex paraguariensis: shrub/herb
	Illicium parviflorum: evergreen shrub or tree
	Indigofera tinctoria: shrub
	Laurus nobilis: evergreen tree or large shrub
	Lecythis ollaria: large tree
	Limnanthes douglasii: annual flowering plant
	Liquidambar styraciflua: medium tree
	Liquidambar formosana: medium tree
	Lunaria annua: annual or biennial flowering plant
	Mammea americana: shrub
	Melia azedarach: fast growing deciduous tree
	Monardo didyma: perennial herb
	Moringa oleifera: fast growing medium-sized tree
	Myoporum platycarpum: shrub or small tree
	Nephelium lappaceum: medium tree
	Nitraria schoberi: perennial salt-tolerant shrub
	Onosma echioides: biennial or perennial herb
	Opopanax chironium: perennial herb
	Origanum syriacum: perennial herb
	Osmanthus fragrans: evergreen shrub or small tree
	Pachyrhizus erosus: vine
	Pangium edule: large tree
	Pappea capensis: tree
	Parthenium argentatum: small shrub
	Picea orientalis: slow growing evergreen coniferous tree
	Pimelodendron amboinicum: small and large trees
	Pinus caribaea: large tree
	Pinus cembra: large tree
	Pinus pinaster: large tree
	Pistacia chinensis: small to medium tree
	Polianthes tuberosa: perennial bulb
	Ricinodendron heudelotii: fast growing large tree
	Sapindus saponaria: small to medium deciduous tree
	Saponaria officinalis: perennial plant
	Sassafras albidum: medium deciduous tree
	Sciadopitys verticillata: slow growing medium tree
	Shorea robusta: large deciduous tree
	Stokesia laevis (Hill) Greene: herbaceous perennial
	Strophanthus preussii: vine or shrub
	Styrax benzoin: medium tree
	Tagetes minuta: annual herb
	Taraxacum kok-saghyz: perennial herb
	Taraxacum officinale: perennial herb
	Tasmannia lanceolata: shrub
	Tragopogon porrifolius: biennial wildflower
	Voacanga africana: small tree
	Willughbeia coriacea: large climbing shrub
	Xanthorrhoea australis: slow growing perennial tree
	Yucca elata: perennial plant
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