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Introduction

The focus of this project is to extract and identify high value chemicals found naturally in trees
using green technologies at a proof of concept level.

A recent demonstration of such an approach was carried out by supercritical fluid extraction of
phenolic and flavanone compounds found in Eucalyptus [1]. An example of a compound that
was extracted in high selectivity is Eriodictyol which is listed on Sigma-Aldrich at a cost of $491
per 10mg [2].

There is an increasing market for phytochemicals to be extracted, concentrated and sold to the
pharmaceutical and nutraceutical markets. ENZO Nutraceuticals Ltd is a New Zealand company
that is selling an anti-inflammatory and antioxidant product from the extraction of bark from
Pinus radiata trees. Plant compounds found in Enzogenol contain polyphenols, proyanidins,
bioflavonoids and organic acids [3].

Traditional extraction technigues involve the use of harmful chlorinated solvents, such as
dichloromethane and an extremely large amount of solvent is required compared to the amount
of extractive isolated. The use of Scion’s proprietary method of green wood dewatering using
supercritical carbon dioxide (scCO.) offers a number of advantages to obtain wood extracts.CO.
can be used throughout a widespread range of temperatures and pressures, which aids
selective extraction of groups of molecules.

A metabolomics platform has already been developed at Scion for analysing dewatered sap
extracts, which has been extended to analyse the scCO; extracts from trees.

Initial experiments to carry out scCO; extractions were undertaken on two species of interest:
Douglas fir and Eucalyptus nitens and four tissue types: leaves/needles, bark, sapwood and
heartwood.



Sample collection

Stands of the two species of interest, Douglas fir and Eucalyptus nitens were found on Long
Mile road, Rotorua. Leaves/needles and bark were taken by sampling from all over the tree and
10 mm core samples were taken of the sapwood and heartwood.

scCO; extraction and Analysis

The extractions were undertaken in supercritical carbon dioxide (scCO>) at one set of
conditions. The extracts were then analysed without separation using Gas Chromatography—
Mass Spectrometry (GC-MS) and Nuclear Magnetic Resonance spectroscopy (NMR) at Scion
to identify different substances within the extracts.

scCO: fluid as an extraction solvent behaves in way that is similar in solvation power to hexane.
scCO; can have co-solvents added (entrainers) to modify this to remove more polar
substances. The scCO; has advantages over traditional solvent extraction it is non-flammable,
recyclable with minimal effort and can be modified easily (co-solvents). Low temperature
extraction conditions reduce the chance of thermal modification to extracts and allows extracts
to be collected into small volumes resulting in little end-of-life solvents to dispose of. One
potential drawback is the capital outlay of equipment capable of carrying out extractions.

Results

The top three compounds that were able to be easily identified by GC-MS libraries in each tree
species and tissue type are listed below. The amount reported is an estimate based on the
mass fraction of compound in pg of compound per g of sample loaded into the extraction
vessel. Prices were found from the Sigma-Aldrich [2] website of the high purity chemical unless
otherwise stated.

Douglas fir
Bark:
e Dehydroabietic acid 110 ug/g (98% purity value = $0.84/q)

e Tetracosanoic (Lignoceric) acid 82 pg/g (99% purity value = $230/q)
e |sopimaric acid 65 ug/g (98% purity = $25,840/9)

Heartwood:
e Phenylhexanoic acid 530 pg/g (98% purity value = $94.30/g)
e Todomatuic acid 483 pg/g (no commercial supplier found)
o Defence compound against insect and fungal attack.
e 1-Norbornanecarboxylic acid 343 ug/g (not specified = $1242.0/g [4])

Needles: (Pre-extract weight not recorded)
e Maltol (99% purity value = $0.21/g)

e 9-Octadecenal (not specified = $5.92/g [5])
e Palmitic acid (F16:0) (99% purity value = $4.08/g)

Sapwood:
e Palmitic acid (F16:0) 161 pg/g (99% purity value = $4.08/g)
e Stearic acid (F18:0) 112 pg/g (95% purity value = $0.17/g)
e |sopimaric acid 74 ug/g (98% purity = $25,840/9)
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Eucalyptus nitens:

Bark:
e Palmitic acid (F16:0) 36 pg/g (99% purity value = $4.08/g)
e Stearic acid (F18:0) 24 ug/g (95% purity value = $0.17/g)
e Octacosane (C28) 21 pg/g (99% purity value = $2.52/g [6])

Heartwood:
e Palmitic acid (F16:0) 53 ug/g (99% purity value = $4.08/g)
e Stearic acid (F18:0) 33 pg/g (95% purity value = $0.17/g)
e Octacosane (C28) 28 pg/g (99% purity value = $2.52/g [6])

Leaves: (Pre-extract weight not recorded)
e Eucalyptol (99% purity value = $0.48/mL)
¢ Cannabinol methyl derivative (no commercial supplier found)
o Medical uses.
e 3-Ethylphenol (95% purity value = $4.57/mL)

Sapwood:
e Palmitic acid (F16:0) 51 pg/g (99% purity value = $7.69/g)
e Stearic acid (F18:0) 29 pg/g (95% purity value = $0.17/g)
o Heptacosane (C27) 29 ug/g (98% purity value = $294.50/q)

These chemical have been found in trees using traditional solvent extractions and by scCOs.
Solvent extraction of terpenoids such as Tetracosanoic (Lignoceric) acid, Dehydroabietic acid
and other chemicals such as Stearic acid, Phenylhexanoic acid 1-Norbornanecarboxylic acid, 9-
Octadecenal and Maltol has been carried out either with dichloromethane or hexane Soxhlet
extraction [7,8]. Isopimaric acid and Palmitic acid have been obtained by fresh resin dissolved in
ethanol [9]. The same acids along with Heptacosane, Octacosane Stearic acid have been
extracted from E. Globus or with dichloromethane soxhlet and by scCO; with and without
ethanol as a solvent [10]. Todomatuic acid has been extracted by Soxhlet with petroleum ether
for 24 hours [11] and 3-Ethylphenol extracted similarly but with acetone [12]. Eucalyptol has
been extracted by subcritical-water extraction [13].

Conclusions

o Leaf samples had different compounds to the other tissues types.

e Bark is similar to sapwood and heartwood which are also very similar to each other.

e Other compounds of interest are more likely to be extracted by modifying the extraction
conditions, as well as increasing the extraction efficacy.

Acknowledgements
This work was funded by the Ministry of Business, Innovation and Employment, through Crown
Research Institute (CRI) Core Funding to Scion.

Page 3 of 4



References

[1] Santos, S. A. O., Villaverde, J. J., Silva, C. M., Neto, C. P., & Silvestre, A. J. D. (2012).
Supercritical fluid extraction of phenolic compounds from Eucalyptus globulus Labill
bark. J. Supercrit. Fluids, 2012, 71, 71-79.

[2] Sigma-Aldrich. 2016
http://www.sigmaaldrich.com/catalog/product/fluka/89061?lang=en&region=NZ

[3] ENZO Nutraceuticals Ltd. 2016 http://www.enzogenol.com/Default.aspx?page=1059

[4] Oxchem 2016 http://www.ox-chem.com/ox/Product/Pro_Item.aspx?Num=AX8227822

[5] CHEMOS GmbH 2016 http://www.chemos.de/

[6] Acros Organics http://www.acros.com/

[7] Oleson, K.R.; Schwartz, D.T. Extractives in Douglas-fir forestry residue and considerations
for biofuel production Phytochem Rev. 2015, 1-24.

[8] Carlow, S.J., Ayers, L., Bailey, A., John, B., Richardson, A., Shepherd, B., Woosley, R.S.,
Butcher, D.J. Determination of volatile compounds in foliage of Fraser fir (Abies fraseri)
and balsam fir (Abies balsamea) Microchemical Journal, 2006, 83, 91-97.

[9] Holmbom, T.; Reunanen, M; Fardim, P. Composition of callus resin of Norway spruce, Scots
pine European larch and Douglas fir Holzforschung 2008, 62, 417-422.

[10] Domingues, R.M.A.; Oliveira, E.L.G.; Freire, C.S.R.; Couto, R.M.; Simdes, P.C.; Neto, C.P.;
Silvestre, A.J.D.; Silva, C.M. Supercritical Fluid Extraction of Eucalyptus globulus Bark—
A Promising Approach for Triterpenoid Production. Int. J. Mol. Sci. 2012, 13, 7648-7662.

[11] Rogers I.H., Manville, J.F. Juvenile hormone analogs in conifers. Il. Isolation, identification,
and biological activity of cis-4-[1’(R)-5’-dimethyl-3’-oxohexyl]-cyclohexane-1-carboxylic
and (+)-4(R)-[1’(R)-5’-dimethyl-3’-oxohexyl]-1-cyclohexene-1-carboxylic acid from
Douglas fir. Can. J. Chem. 2001, 67, 1198-1199.

[12] P. Prinsen, A. Gutiérrez, J. Rencoret, L. Nieto, J. Jiménez-Barbero, A. Burnet, M. Petit-
Conil, J.L. Colodetted, A.T. Martinez, J.C.d. Rio. Morphological characteristics and
composition of lipophilic extractives and lignin in Brazilian woods from different eucalypt
hybrids Ind. Crop. Prod., 2012, 36, 572-583.

[13] Jimenez-Carmona, M. M., and MD Luque de Castro. Isolation of eucalyptus essential oil for
GC-MS analysis by extraction with subcritical water. Chromatographia 1999, 50, 578-
582.

Page 4 of 4


http://www.sigmaaldrich.com/catalog/product/fluka/89061?lang=en&region=NZ
http://www.enzogenol.com/Default.aspx?page=1059
http://www.ox-chem.com/ox/Product/Pro_Item.aspx?Num=AX8227822
http://www.chemos.de/
http://www.acros.com/



