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Introduction

In the framework of the project BIORAF, supported by Technology Agency CR (project no. TE01020080),

plantations for experimental production of Miscanthus x giganteus and Miscanthus sinensis have been found
by the project partner AGRA Co. Tall stems of this plant contain a broad spectrum of various substance
{waxes, lipids, carotenoids, etc.) being potentially exploitable in cosmetics. Extraction processing of crushed dn
stems using non-polar solvent is a promising way for separation of these substances into an extract, whe
the waste raffinate containing waste biomass has, after being pressed into the form of pellets, the potential for
energetic utilization as “green fuel”. !

Method

Large production plantations of bio-energetic plants Miscanthus sinensis and Miscanthus x giganteus were
established and harvested (see Figure 1). Subsequently, the dried stems were crushed (see Figure 2). One part
of it was used for extraction experiments described in this text and the other for pelleting and incineration
tests. i
The aim of extraction experiments was to isolate non-polar components from the stems; therefore, hexane as:;
solvent was used. Both the Soxhlet extractor with a stationary layer of crushed raw material operating aj;".f
solvent boiling point temperature (69 °C) and the batch extractor with dispersed solid phase operated at room
temperature were used for extraction tests,
Application of carbon dioxide under supercritical conditions (temperature 70 °C, pressure 16 MPa) as a so!vent_ ;
for extraction was also tested. Nevertheless, efficiency of this method was very low and moreover, this method =
required very expensive high pressure equipment. Regarding this, it was stated that this procedure has no )
technological perspective and is not recommendable for practical usage. '

Soxhlet extraction

When using a Soxhlet extractor for the extraction, 20 g of the sample was placed into a paper thimble and
approximately 600 ml (i.e. 400 g) of hexane into a boiling flask. The weight ratio of the raw material/solvent
1/20 was always applied. The extraction took place at the boiling point of the solvent (69 °C). The condensation
solvent ran down through the layer of the extracted material back into the boiling flask afterwards. The sample
was extracted for 2 h. Subsequently, a further experiment was conducted. In this case one batch of solvent per
three freshly filled paper thimble was used. The weight ration applied in this case was the sample/solvent 1/6.7
(3x20g to 400 g of hexane). The extraction of each of these thimbles lasted for 1 h. By using the Soxhlet
extractor, the obtained extracts possessed a clear yellowish colour.

Single batch extraction

Batch extraction in stirred extractor was made under inert atmosphere, absence of light and at the ambient
temperature in a sealed glass flask, The mixture was stirred for 6 h maintaining the weight ratio of the raw
material/solvent 1/20 (corresponding to the preceding case). The solid part was filtered by Biichner funnel
afterwards. This process resulted in a slightly turbid, yellowish extract.

Supercritical extraction

Applying liquid carbon dioxide for supercritical extraction utilizes jts non-polar characteristics and considerate
experimental conditions. On the other hand, this method of separation is a demanding process requiring high
pressure and expensive equipment. Nevertheless, this method was experimentally tested twice, In this case,
the raw material was crushed and sieved for fraction of 0.125 mm. The sample of 3.6 g (25 ml) was placed into
a press cartridge. Liquid CO: was flowing through the cartridge for 5 h at the speed of 0.3 ml/min. The extracts
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from both experiments were removed into a vial of 5 ml in which the lipophilic product deposited after the
pressure release. Figure 3 shows the results of both tests in which 7.18 g of Miscanthus x giganteus was
extracted but only a very low amount of extract of 0.0214 g was obtained. The product was dissolved in 4 m| of
cyclohexane and subsequently analysed. It was concluded that from the technological point of view this
method of processing stems of Miscanthus x giganteus is by no means applicable.

v
e

(@) (b)

Figure 2. Crushed stems of Miscanthus sinensis (a) and Miscanthus x giganteus (b).

Figure 3. Particles of lipophilic product after supercritical extraction of Miscanthus dust proportion,
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Characterization of the products

The extraction solvent was distilled from obtained extracts on a rotary evaporator under reduced pressure. The
conditions were carefully prepared in order to prevent potential oxidation of obtained components ang the
working temperature was 40 °C. The obtained yellowish orange waxy solid product (see Figure 4) was analysed.
In general it might be claimed that Miscanthus sinensis provided higher yields and its solid product was of
deeper colour shade within the range of yellow tending to orange in colour.

M. sinensis M. x giganteus
Figure 4. Samples of solid products after the extraction from the stems of Miscanthus.

Analysis of extracts and solid products

A detailed analysis of selected samples of extracts and solid products were carried out at the Department of
Food Analysis and Nutrition FFBT UCT Prague using the HPLC/MS method. Screening via the LipidView software
and information based on literature®3 were used for identification of the searched substances.
The chromatograms confirmed the following categories of components contained in the stems of Miscanthus;

- Sterols and their derivatives (3 and 18 derivatives) :

- Waxes (esters of fatty acids and alcohols, 15 derivatives)

- Ceramides (4 derivatives)

- 1-Alkyl-2-acylglycerols (2 derivatives)

- Oleamide

- Alkanes and polykosanoles (3 and 7 derivatives)

- Triglycerides (45 derivatives)
Itis evident that analysed samples are extremely complex. Their composition is illustrated in the Tables | and Il
The data in Tables | and Il indicate the relative signal strength of the chromatograph detector (a.u.) and define
particular components or groups of substances.
The first four columns from the left correspond to the analyses of solid products, whereas the right four
columns represent the analyses of liquid extracts. Based on the analyses, it is evident that the heat treatment
of the extract during the extraction solvent evaporation (hexane solvent) causes the
degradation/transformation of mono- and diacylglycerols, ceramides, stigmasterols, or campesterols. The
amount of extracted components and their groups in the extract and solid products varies in the case of
triacylglycerols.
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