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1. Introduction 
Since 2015, the United Nations established the Sustainable Development Goals (SDG), which involves ecology, 
economics and society aspects in order to achieve a more sustainable society (United Nations Development 
Program 2015). Therefore, industrial processes have been pushed to consider these aspects along their entire value-
chain and since the design stage of new processes. Some of the approaches proposed to achieve a sustainable 
production have focused on energy and resource efficiency, as a shift into a bioeconomy requires the production 
of both energy and products. Among these, an intensive use of raw materials and the use of renewable feedstocks 
and biomass highlight due to the high amount of resources available from agroindustry, forestry, etc. These 
feedstocks may be used to obtain biomolecules and chemicals, biomaterials, biofuels, bioenergy and food/feed.  

It has been estimated that the worldwide production of agricultural residues accounts for 3.7x109 tons, 
demonstrating their potential as feedstocks to obtain different products (Bentsen, Felby, and Thorsen 2014). 
Cellulose, hemicellulose, sugars, lignin, extractives, among others, are some of the platforms that can be used from 
these feedstocks.  Among the products that can be obtained, bioactive compounds highlight due to their application 
in fields as pharmaceutics, health, nutrition and cosmetics (Oreopoulou and Tzia 2007). These are secondary 
metabolites that have the ability to interact with living tissues, aimed to have beneficial effects (National Cancer 
Institute 2019). In addition, the valorization of all possible fractions must be considered for the production process 
to be sustainable; this means, not only extracting the bioactive compounds, but also evaluating applications for the 
lignocellulosics and other platforms (Serna-Loaiza et al. 2019).  

Based on the aforementioned elements, this work consisted in the extraction of bioactive compounds from 
three agroindustrial residues: wheat straw (WS), hemp residues (HE) and grape vineshoots (GVS). The initial step 
consisted in the characterization of the raw materials in order to be able to establish further mass balances. Nano-
lignin, cannabidiol and flavonols (quercetin) were the focused bioactive compounds in the raw materials, 
respectively. Organosolv extraction was performed as the extraction method and the chosen solvent (water-ethanol 
mixtures and ethanol) and extraction conditions (temperature and time) were adapted to each raw material. Then, 
in order to evaluate the valorization of the remaining fractions after the extraction of the bioactive compounds, 
three different procedures were performed: sugar production, lignocellulosic characterization and fiber quality 
characterization. These procedures aimed to identify possible applications to produce substrates for further 
fermentations, identification of biogas production potential and application as pulp for paper production. 
 
2. Materials and methods 

2.1. Selected raw materials 
The selection criteria were availability of the feedstock (WS), presence of bioactive compounds (HE) and the 
possibility of further valorization (GVS). For a more detailed description of the raw material selection, please refer 
to the study case presented in (Serna-Loaiza et al. 2019). 

WS is the residue resulting from wheat crops, which is the most grown food crop around the world. This 
residue can be a source for the extraction and production of nano-lignin, which has been researched for its 
bactericidal, UV-blocking and antioxidant properties. The composition of wheat straw is approximately 63 %wt 
cellulose and hemicellulose, and 20 %wt lignin; this shows the potential to obtain a sugar platform that could be 
further used as substrate for a microorganism fermentation (Beisl et al. 2018; Weinwurm et al. 2017). HE is a 
source of cannabinoids—especially cannabidiol (CBD)—which have gained interest in pharmaceutical industry 
(Kitrytė, Bagdonaitė, and Rimantas Venskutonis 2018). CBD is contained mainly in the leaves/blossom, leaving 
the stem available for fiber and material applications, and the remaining solids after the extraction can be used to 
obtain sugars. GVS consist of the stem and leaves that are cut after grapes harvesting. They contain compounds of 
bioactive interest as flavonols (quercetin and myricetin) and inositol, among others. They are mainly contained in 
the leaves, and the lignocellulose in the stem that can be used for fiber, lignin, and sugar production.  
 

2.2. Valorization of the residues: Characterization, extraction and further valorization 
An initial separation of the parts of the feedstocks was performed. HE and GVS were manually divided into the 
leaves/blossoms and the stem. The raw materials were characterized in terms of the structural carbohydrates 
(glucan, xylan, arabinan, mannan and galactan), lignin (acid soluble and insoluble), ash, extractives and moisture, 
according to the NREL/TP-510-42618 (Sluiter et al. 2012). 



 
 

Organosolv was performed in a 1 L stirred autoclave (Zirbus, HAD 9/16, Bad Grund, Germany) with a 
solid:liquid ratio of 1:10. Then, the solid and liquid fractions were separated with a hydraulic press (Hapa, HPH 
2.5, Achern, Germany) at 200 bar and a centrifuge (Thermo Scientific, Sorvall, RC 6+, Waltham, MA, USA) at 
30,074 g for 20 min. Table 1 shows the extraction conditions for each of the raw materials. The solid fraction was 
characterized in terms of the structural carbohydrates. The extracted bioactive compounds and sugars where 
characterized using HPLC, GC-MS and HPAEC. 

Table 1. Organosolv conditions for the extraction of bioactive compounds. 
Raw Material Solvent Temperature [°C] Time [min] 

Wheat Straw 60 %wt aqueous ethanol 180 60 
Hemp 100 %wt ethanol 100 100 
Grape Vineshoots 70 %wt aqueous ethanol 120 60 

 
Results and discussion 
The characterization of the raw materials indicated the potential of the different fractions. HE-Flowers, GVS-
Leaves, GVS-Stem and WS had lignin contents around 22 %wt, while HE-Stem only had 10 %wt. All raw 
materials have content of structural carbohydrates around 60 %wt, indicating the potential of producing sugars.  

At the proposed conditions, it was possible to extract the bioactive compounds from the chosen raw 
materials. CBD extracts reached concentrations of 1,20 %wt. Nano-lignin concentration achieved values around 
30 g/L. The extract from the GVS achieved concentrations of 25 μg/g of quercetin. These results indicate the 
potential of these agroindustrial residues to obtain bioactive compounds, sugar-based products, material based 
products and finally, an energy production scheme as biogas under a biorefinery scheme. 

 
Conclusions 
As a main conclusion, it was observed that the chosen raw materials have potential in obtaining bioactive 
compounds that can become the economic drivers of a biorefinery. In addition, the further valorization of the 
feedstocks allowed broadening the range of products. Finally, the remaining solids can be used for energy 
production with potential for biogas production. 
 
Acknowledgments 
The authors acknowledge TU Wien for the funding of the Doctoral College “Bioactive”, under which this research 
was performed. 
 
References 
 
Beisl, Stefan, Petra Loidolt, Angela Miltner, Michael Harasek, and Anton Friedl. 2018. “Production of Micro- and 
Nanoscale Lignin from Wheat Straw Using Different Precipitation Setups.” Molecules 23 (3). 
https://doi.org/10.3390/molecules23030633. 
Bentsen, Niclas Scott, Claus Felby, and Bo Jellesmark Thorsen. 2014. “Agricultural Residue Production and 
Potentials for Energy and Materials Services.” Progress in Energy and Combustion Science 40 (1): 59–73. 
https://doi.org/10.1016/j.pecs.2013.09.003. 
Kitrytė, Vaida, Dovyda Bagdonaitė, and Petras Rimantas Venskutonis. 2018. “Biorefining of Industrial Hemp 
(Cannabis Sativa L.) Threshing Residues into Cannabinoid and Antioxidant Fractions by Supercritical Carbon 
Dioxide, Pressurized Liquid and Enzyme-Assisted Extractions.” Food Chemistry 267 (March 2017): 420–29. 
https://doi.org/10.1016/j.foodchem.2017.09.080. 
National Cancer Institute. 2019. “NCI Dictionary of Cancer Terms.” 2019. 
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/bioactive-compound. 
Oreopoulou, Vasso, and Constantina Tzia. 2007. “Utilization of Plant By-Products for the Recovery of Proteins, 
Dietary Fibers, Antioxidants, and Colorants.” In Utilization of By-Products and Treatment of Waste in the Food 
Industry, 209–32. Berlin, Germany: Springer. https://doi.org/10.1007/978-0-387-35766-9_11. 
Serna-Loaiza, Sebastián, Angela Miltner, Martin Miltner, and Anton Friedl. 2019. “A Review on the Feedstocks 
for the Sustainable Production of Bioactive Compounds in Biorefineries.” Sustainability 11 (23). 
https://doi.org/10.3390/su11236765. 
Sluiter, A., B. Hames, R. Ruiz, C. Scarlata, J. Sluiter, and D. Templeton. 2012. “Technical Report NREL/TP-510-
42618: Determination of Structural Carbohydrates and Lignin in Biomass.” Golden, Colorado. 
United Nations Development Program. 2015. “The 2030 Agenda for Sustainable Development.” 2015. 
https://sustainabledevelopment.un.org/?menu=1300. 
Weinwurm, Felix, Teresa Turk, Jürgen Denner, Karin Whitmore, and Anton Friedl. 2017. “Combined Liquid Hot 
Water and Ethanol Organosolv Treatment of Wheat Straw for Extraction and Reaction Modeling.” Journal of 
Cleaner Production 165: 1473–84. https://doi.org/10.1016/j.jclepro.2017.06.215.

 


