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WELCOME 

 

The International Society for Advancement of Supercritical Fluids (ISASF) 

and the Organizing Committee of the 17th European Meeting on 

Supercritical Fluids (EMSF) welcomes you to Ciudad Real. This is the 17th 

of a fruitful serie of meetings, where Scientists, Students and Industry 

Partners discuss current developments and innovations based on the 

extraordinary properties of supercritical fluids. The meeting will be held in 

Ciudad Real (Spain), between 8-11th of April 2019. As in previous years, 

we will have parallel sessions, plenary lectures, oral communications and 

poster sessions. 
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POSTER PRESENTATIONS 

Poster session 1. 8th-9th April.  

S1.01 Supercritical carbon dioxide extraction of Niger seed (Guizotia abyssinica cass.) 

oil: Effect of extraction parameters on the oil yield and quality. Adane Tilahun 

Getachew, Yeon Jin Cho and B.S. Chun*. Pukyong National University.  

231 

S1.02 Supercritical fluids and aromatics plants, a framework to share research and 

social inclusion Ana M. Mainar*, Juan I. Pardo, José F. Martínez-López, J. 

Navarro-Rocha, Elisa Langa, M. Rosa Pino-Otín, José S. Urieta. Universidad de 

Zaragoza.  

233 

S1.03 Hydrophilic and hydrophobic extracts from bee pollen using supercritical CO2 

extraction and modifiers. Merve YAVUZ DUZGUN, Beraat OZCELIK*. 

Istanbul Technical University.  

234 

S1.04 Extraction of bioactive compounds from Pseuderanthemum palatiferum (Nees) 

Radlk. using pressurized liquid solvent: Kinetic study and Optimization. Truc 

Cong Ho, Periaswamy Sivagnanam Saravana, Byung-Soo Chun*. Pukyong 

University.  

236 

S1.05 Fish gelatin based active packaging films incorporated with microencapsulated 

essential oils produced via PGSS process. Adane Tilahun Getachew, Yeon Jin 

Cho, Jin Seok Park, and B.S. Chun*. Pukyong University.  

237 

S1.06 Measurement and modelling of VLE data for the quaternary CO2 + 1-decanol + 

n-dodecane + 3,7-dimetyl-1-octanol system. C.Latsky, C.E. Schwarz*. 

Stellenbosch University.  

238 

S1.07 Enhancing the CO2-philicity of Organic-Inorganic Hybrid Polyhedral 

Oligomeric Silsesquioxanes. Beril Dumanhlar, Cansu Demirtas, Cerag Dilek. 

Middle East Technical University, Ankara.  

240 

S1.08 Drug-loaded chitosan aerogels prepared by supercritical CO2-assisted drying 

for biomedical applications. Clara López-Iglesias*, Inés Ardao, Angel 

Concheiro, Carmen Alvarez-Lorenzo, Carlos A. García-González. Univerisdade 

de Santiago de Compostela.  

242 

S1.09 Sequential pressurized liquid extraction and subsequent supercritical 

antisolvent fractionation of mango seed kernel extracts with antiproliferative 

activity. D. Ballesteros-Vivas, G. Álvarez-Rivera, A.F. García-Ocampo, A.P. 

Sánchez-Camargo, S.J. Morantes-Medina, F. Parada-Alfonso, E. Ibáñez, A. 

Cifuentes*. Universidad Nacional de Colombia.  

244 

S1.10 Valorization of mango seeds (Mangifera indica L.) through the supercritical 

fluid extraction of edible oils rich in natural antioxidants. L. M. Buelvas-Puello, 

D. Ballesteros-Vivas, H.A. Martínez-Correa, E. Ibáñez, F. Parada-Alfonso*. 

Universidad Nacional de Colombia.  

246 

S1.11 Analysis of Solvent Effect (CO2 + ethanol) on Yerba Mate Decaffeination 

Process: solvent flow rate and cosolvent concentration. Alexandre T. Espirito-

Santo, Leandro M. Siqueira, Rubem M.F. Vargas, Eduardo Cassel*. Unit 

Operation Lab, Polytechnic School, PUCRS.  

248 

S1.12 Effects of supercritical technology and thermal treatment on antioxidant activity 

and inulin chemical profile in functional beverage. Eric Keven Silva*, Henrique 

S. Arruda, Glaucia M. Pastore, M. Angela A. Meireles. LASEFI/DEA/FEA 

(School of Food Engineering).  

250 

S1.13 Preservation of nutritional properties in pomegranate juice pasteurized with 

supercritical CO2. Francesca Maria Bertolini, Gianluca Morbiato, Alessandro 

Zambon, Krystian Marszałek, Flavia Gasperi, José Benedito Fort, Luca 

Sgardiolo, Sara Spilimbergo*. University of Padua.  

252 
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S1.14 Pressurized liquid extraction of polyphenols and methylxanthines from crude 

and waste guarana seeds. Ádina L. Santana, Gabriela A. Macedo, Julian 

Martínez*. University of Campinas.  

 

253 

S1.15 Temperature influence on phytosterols and tocols recovery from passion fruit 

(Passiflora edulis Sims) by-products using SFE-CO2. Luana Cristina dos Santos, 

Eupídio Scopel, Paula Virginia de Almeida Pontes, Camila Alves Rezende, 

Eduardo Augusto Caldas Batista, Julian Martínez*. University of Campinas.  

255 

S1.16 Small interfering ribonucleic acid encapsulation by SAS process. Mathieu 

MARTINO*, Adil MOUAHID, Camille DESGROUAS, Catherine BADENS, 

Elisabeth BADENS. Aix Marseille Univ.  

257 

S1.17 Supercritical method of obtaining lactoferrin from mare's and camel's milk. A.D. 

Serikbayeva, Yu.A. Shapovalov, N.A. Aralbayev*, M.H. Narmuratova, Y.Z. 

Mateyev. Kazakh National Agrarian University. 

258 

S1.18 Biorefining of cranberry pomace into valuable fractions by supercritical carbon 

dioxide and pressurized liquid extraction. Petras Rimantas Venskutonis*, Laura 

Tamkutè, Ruta Liepuoniutè. Kaunas University of Technology.  

260 

S1.19 Solubilization of apple by-product dietary fibre by application of High 

hydrostatic pressure. Jiménez-Peña R*, Villanueva MJ, Mateos-Aparicio I. 

Universidad Complutense de Madrid.  

262 

S1.20 Inactivation of polyphenoloxidase from Litopenaeus vannamei by High Pressure 

Carbon Dioxide. Alba E. Illera, María Teresa Sanz*, Lara Castro, Óscar Benito-

Román, Sagrario Beltrán, Rodrigo Melgosa and Constantin Apetrei. aUniversity 

of Burgos.  

263 

S1.21 Supercritical impregnation of Artemisia Herba Alba essential oil in gelatin, 

Arabic gum and the mixtures thereof. Manel FARHATI*, Soraya 

RODRIGUEZ-ROJO*, Mehrez ROMDHANE, Maria José COCERO.  

University of Valladolid.  

265 

S1.22 Extraction by supercritical fluids of value-added compounds from microalgae 

grown in photobioreactors simulating different climatic conditions. Stefania 

Siqueira*, Paola Lasta, José Mandiola, Leila Zepka, Eduardo Jacob-Lopes, 

Elena Ibáñez. Federal University of Santa maria (UFSM). 

267 

S1.23 Supercritical CO2 foaming as a processing tool for customizable synthetic bone 

grafts. Víctor Santos-Rosales*, Marta Gallo, Carmen Alvarez-Lorenzo, José L. 

Gómez Amoza, Carlos A. García-González. Universidade de Santiago de 

Compostela.  

269 

S1.24 Effects of high pressure and CO2 environment on the moisture sorption isotherm 

of beef jerky. Yanzhao Ren, Feral Temelli*. University of Alberta.  

271 

S1.25 Characterization of African giant snail (Achatina fulica) extract using 

subcritical water: Effect of extraction temperature. Yeon Jin Cho, Adane 

Tilahun Getachew, Byung Soo Chun*. Pukyong national university.  

273 

S1.26 Optimization of ulvan polysaccharides from green seaweed Ulva lactuca using 

subcritical water extraction system. Ratih Pangestuti*, Yeon-Jin Cho, Dedy 

Kurnianto,c Jin-Seok Park, Byung Soo Chun. Indonesian Institute of Sciences.   

274 

S1.27 Extraction kinetics of wheat germ oil SFE. Zoran Zeković*,  Nemanja Bojanić, 

Nemanja Teslić, Dušan Rakić, Mirjana Brdar, Aleksandar Fišteš, Marija 

Bodroža-Solarov, Branimir Pavlić. University of Novi Sad.  

276 

S1.28 Supercritical fluid extraction of wheat germ oil: RSM optimization. Branimir 

Pavlić,  Nemanja Bojanić,  Nemanja Teslić, Dušan Rakić, Mirjana Brdar, 

Aleksandar Fišteš, Marija Bodroža-Solarov, Zoran Zeković*. University of Novi 

Sad. 

278 

S1.29 Microencapsulation of Sacha inchi oil (Plukenetia volubilis) obtained by 

Supercritical Fluid Extraction. Z. Suárez-Montenegro*, A. Hurtado, W. Sosa, 

A. Cifuentes, E. Ibáñez. Universidad de Nariño.  

280 



S1.30 Supercritical fluid extraction and stabilization in eutectic solvents of sugars and 

phenolic compounds from carob pods. Rita Craveiro*, Bruno Pedras, Inês 

Mansinhos, Raquel Solana, Sandra Goncalves, Anabela Romano, Bruno 

Medronho, Ana Rita C. Duarte, Alexandre Paiva.  Universidade Nova de Lisboa.  

282 

S1.31 Obtaining of high valuable compounds from low-cost materials of the agro-

industrial sector of Castilla La Mancha through supercritical technology. E. 

Cruz*, J. M. García-Vargas, I. Gracia, M. T. García. University of Castilla-La 

Mancha.  

284 

S1.32 Protein and polyphenol compounds extraction by subcritical water from rice 

bran. Daisy Maritza Aymara, Óscar Benito-Román*, María Teresa Sanz, 

Sagrario Beltrán, Rodrigo Melgosa and María Olga Ruiz. University of Burgos.  

286 

S1.33 Fractionation of orange essential oil using supercritical CO2 by 

adsorption/desorption: adsorbents comparison. Barrales, Francisco Manuel, 

Dias, Arthur Luiz Baião*, Paulino, Bruno Nicolau, Pastore, Glaucia Maria, 

Forte, Marcus Bruno Soares, Martínez, Julian. University of Campinas.  

288 

S1.34 Improved Liu-Silva-Macedo models for estimation and correlation of 

multicomponent intradiffusivities in real supercritical or liquid mixtures. B. 

Zêzere*, I. Portugal, C. M. Silva. University of Aveiro.  

290 

S1.35 β-Carotene, α-Tocoferol and Rosmarinic Acid PLA/PLGA capsules: drug shelf-

life and antioxidant activity. Giménez-Rota C., Palazzo I. , Scognamiglio MR , 

Mainar A.*, Reverchon E., Della Porta G.* University of Salerno.  

292 

S1.36 Stability and activity of cross-linked enzyme aggregates (CLEAs) prepared in 

supercritical CO2. Gregor Kravanja, Maja Globočnik, Mateja Primožič, Željko 

Knez, Maja Leitgeb*. University of Maribor.  

294 

S1.37 Production of HMF by extractive reaction in CO2-water two-phase system. 

Hélène Labauze, Séverine Camy, Bouchra Benjelloun-Mlayah, Jean-Stéphane 

Condoret*. Université de Toulouse.   

296 

S1.38 Starch aerogel loaded with nimesulide through supercritical CO2 adsorption. 

Paola Franco, Ernesto Reverchon, Iolanda De Marco*. University of Salerno.  

297 

S1.39 Formic acid production from the catalytic transfer-hydrogenation of ammonium 

carbamate. Juan I. del Río, Eduardo Pérez, Ángel Martín, M.D. Bermejo*. 

Universidad de Valladolid.  

299 

S1.40 Microencapsulation of limonene in yeast cells using a high pressure process. 

Cornelia Errenst*, Andreas Kilzer, Marcus Petermann. Ruhr University 

Bochum.  

301 

S1.41 Comparative assessment of PLE and SFE for the selective extraction of 

compounds of interest from Ruta graveolens. L. Reyes-Vaquero*, P. E. Vanegas-

Espinoza, M. Bueno, G. Álvarez-Rivera, A. A. Del Villar-Martínez, E. Ibáñez. 

Instituto Politécnico Nacional México.  

303 

S1.42 Retrofitting of biomass ultrafast hydrolysis by supercritical water. Effective 

design of upstream and downstream units. Luis Vaquerizo, María José Cocero. 

University of Valladolid.  

305 

S1.43 Influence of supercritical water on the degradation of low-density polyethylene. 

Maja Čolnik, Petra Kotnik, Željko Knez, Mojca Škerget*. University of Maribor. 

307 

S1.44 Comparison of different Raman measurement techniques for in situ 

measurement of mixture composition inside Bio-Gels. Martin Peter Dirauf, Pavel 

Gurikov, Irina Smirnova, Andreas Siegfried Braeuer*. Institute of Thermal-, 

Environmental-, and Resources’ Process Engineering (ITUN).  

309 

S1.45 Modeling the mixing behavior and flow field during continuous hydrothermal 

synthesis (CHTS) of metal oxide nanoparticles. Ch. Schüßler, M. Türk*. 

Karlsruhe Institute of Technology.  

310 

S1.46 Raman analysis of drug particle formation from compressed quaternary systems. 

Mirko Antonio D’Auria, Andreas Siegfried Braeuer*. Institute of Thermal-, 

Environmental-, and Resources’ Process Engineering (ITUN). 

312 



S1.47 Green compressed fluid technologies for the extraction of bioactive compounds 

from Porphyridium cruentum in a biorefinery approach. Mónica Bueno*, Rocío 

Gallego, Angelica M. Chourio, Marina Martínez, Rémi Pradelles, Elena Ibáñez, 

Marleny D. A. Saldaña, Miguel Herrero. Institute of Food Science Research 

(CIAL, CSIC). 

313 

S1.48 A Supercritical Assisted Process for the Production of Dye Loaded Liposomes 

for Leather Treatment. P. Trucillo*, M. Iorio, R. Campardelli, E. Reverchon. 

University of Salerno.  

315 

S1.49 Extraction of antioxidant compounds present in leaves of Paulownia by 

compressed CO2. P. Rodríguez-Seoane*, B. Díaz-Reinoso, A. Mourea, H. 

Domínguez. University of Vigo.  

316 

S1.50 Development of novel core-shell hybrid nanoparticles by supercritical CO2 as 

co-solvent in DELOS technique. Primiano P. Di Mauro*, M. Aguado, A. 

Revuelta, E. González-Mira, P. Calvo, S. Sala, J. Veciana, N. Ventosa. CIBER 

en Bioingeniería, Biomateriales y Nanomedicina (CIBER-BBN), Barcelona.  

318 

S1.51 Liposomes Encapsulation of Antioxidants from Spent Coffee Ground Extracts. 

R. Campardelli*, P. Perego, M. Pettinato, E. Reverchon, P. Trucillo. University 

of Genoa.  

320 

S1.52 Biorefinery approach to the extraction of bioactive compounds from Brewer’s 

Spent Grain (BGS). Patricia Alonso-Riaño, Rodrigo Melgosa, María Teresa 

Sanz, Óscar Benito-Román, Sagrario Beltrán*. University of Burgos.  

321 

S1.53 Recovery of bioactive compounds from Gelidium Sesquipedale algae by 

subcritical water extraction (SWE). Esther Trigueros*, Patricia Alonso-Riaño, 

Rodrigo Melgosa, María Teresa Sanz, Óscar Benito-Román, Sagrario Beltrán. 

University of Burgos.  

323 

S1.54 Extraction of yerba mate (Ilex paraguariensis) herb using liquid and 

supercritical CO2 with co-solvents. P. Hegel*, P. Kotnic, M. Knez Hrncic, S. 

Pereda, Z. Knez. Universidad Nacional del Sur (UNS). 

325 

S1.55 Bark Biorefinery. Stefano Barbini, Katarina Karlström, Jerker Jäder, Thomas 

Rosenau, Antje Potthast. University of Natural Resources and Life Sciences, 

Vienna.  

327 

S1.56 Multicomponent brine separation behaviour for supercritical water desalination 

(SCWD). Surika van Wyk.*,  Aloijsius G. J. van der Ham, Sascha R. A. Kersten. 

University of Twente.  

329 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Poster session 2. 10th-11th April.  

S2.01 Deposition of Ag nanoparticles on inorganic and polymeric supports using 

supercritical CO2. J. Bermúdez, L. Calvo, and A. Cabañas*. Universidad 

Complutense de Madrid.  

332 

S2.02 Deposition of Ag nanoparticles into nanostructured block-copolymer 

microparticles using supercritical CO2. A. Cabañas,* T. M. Bennett, M. 

Alauhdin, R.R. Larder, K. Binti Alias and S.M. Howdle. Universidad 

Complutense de Madrid.  

334 

S2.03 Nifedipine solid dispersions in hydroxypropyl- β-cyclodextrin produced using 

Supercritical Assisted Atomization process. Alessia Di Capua*, Renata Adami, 

Ernesto Reverchon. University of Salerno.  

336 

S2.04 Preparation of graphene oxide sponges using supercritical CO2. Ana M. Lopez-

Periago*, Alejandro Borras, Julio Fraile, Concha Domingo. Instituto de Ciencia 

de Materiales de Barcelona (ICMAB-CSIC).  

338 

S2.05 Biomass Valorization for Bio-oil Production in Supercritical Fluids. Emre 

DEMİRKAYA, Orkan DAL, Aslı YÜKSEL*. Izmir Institute of Technology.  

340 

S2.06 Hydrothermal synthesis of LiFePO4 micro and nanoparticles: Influence of 

heating and cooling rates. F. Ruiz – Jorge*, J.R. Portela, J. Sánchez – Oneto, 

E.J. Martínez de la Ossa. University of Cadiz.  

342 

S2.07 Heat pretreatment of microalgae for supercritical extraction of triglycerides 

with supercritical CO2 for biodiesel production. Sebastián Jaque, Fabiola 

Aránguiz, Jenifer Cavieres, Gonzalo A. Núñez*. Universidad Técnica Federico 

Santa Maria.  

344 

S2.08 Supercritical transesterification of oil from microalgae, using carbon dioxide as 

a co-solvent: From the extraction to the characterization of the product. Néstor 

Ramírez, Sebastián Jaque, Gonzalo A. Núñez*. Universidad Técnica Federico 

Santa María.  

346 

S2.09 GDF-5 encapsulation within PLGA and PLA nanocarriers using Supercritical 

Emulsion Extraction technique. I. Palazzo*, M.C. Ciardulli, A. Santoro, N. 

Maffulli, E. Reverchon, G. Della Porta. University of Salerno.  

348 

S2.10 Manufacturing of biocomposite foams PLA / natural fibres by supercritical CO2 

assisted extrusion. Jorge Chaires, Nicolas Le Moigne, Martial Sauceau, Jacques 

Fages*. Université de Montpellier.  

350 

S2.11 Supercritical CO2 impregnation of PLA/PCL film with thymol and carvacrol: 

antioxidant activity and release kinetics. Ivana Lukic, Jelena Vulic, Jasna 

Ivanovic*. University of Belgrade.  

352 

S2.12 Homogeneous Catalysts for the reduction of CO2 to alcohols. Jennifer Dayana 

Rozendo*, Maitê Lippel Gothe, Liane M. Rossi, Reinaldo C. Bazito, Pedro 

Vidinha. Universidade de São Paulo.  

354 

S2.13 Artemisia absinthium bioactives / hydroxypropyl cellulose coprecipitation by 

supercritical antisolvent processing (SAS). Marta Galve, Carlota Giménez-Rota, 

Elisa Langa, M. Rosa Pino, José S. Urieta*, Ana M. Mainara. Universidad de 

Zaragoza.  

356 

S2.14 Foaming of Multilayer Films with Supercritical Carbon Dioxide. Jenna Sumey, 

Joseph Sarver*, Erdogan Kiran. Virginia Tech.  

358 

S2.15 Cross-linking of bone derived extracellular matrix hydrogels to alter mechanical 

properties. Joshua Jones, Simon Kellaway, Lisa White*. University of 

Nottingham.  

360 



S2.16 A Novel Approach for Synthesis and Supercritical Fluid Reduction of Copper 

Selenide Graphene Oxide: Application in Electrochemical Detection of Eugenol 

in Food Samples. Khaled Murtada*, Virginia Moreno, Mohammed Zougagh, 

Ángel Ríos. University of Castilla-La Mancha.  

362 

S2.17 Modification of a Curcuminoid coordination polymer using supercritical CO2. 

Laura Rodríguez-Cid, E.Carolina Sañudo, Núria Aliaga-Alcalde, Concepción 

Domingo. Instituto de Ciencia de Materiales de Barcelona (ICMAB-CSIC).  

364 

S2.18 Porous matrices based-formulations for improvement  of a-pinene loading and 

release. V. M. Leal, M. C. Gaspar, H. C. de Sousa, M. E. M. Braga*. University 

of Coimbra.  

366 

S2.19 A comparative study of electrocatalysts synthesis methods: the advantage of 

using supercritical fluids. M. I. Cerrillo*, F. Martínez, C. Jiménez, J. García, R. 

Camarillo, I. Asencio and J. Rincón. Universidad de Castilla La Mancha.  

368 

S2.20 Development of hybrid catalytic strategies for hydrogenation in supercritical 

CO2. Pedro Vidinha*, Maitê Gothea, Jennifer Rozendoa, Adolfo Figueredoa,c, 

Maria Villegasa,b, Lucas Marques, Victor Caricatti, Rafael Veronze, Miguel 

Infante, João Peloso, Camila Gambini, Alessandra L. Oliveira, Claudio Oller, 

Fernando Perez, Liane M. Rossi, Reinaldo C. Bazito. Instituto de Química USP, 

São Paulo.  

370 

S2.21 Impact of the Initiator Layer on Polymer Brushes Growth and Properties. 

Sreenivasa Reddy Puniredd*,  Benedict Hsu You Wei, Liu Rong Rong, Xue Qi, 

and Nikodem Tomczak. Institute of Materials Research and Engineering, 

A*STAR 

373 

S2.22 Conversion of CO2 into solar fuel with supercritical synthesized rGO-TiO2-metal 

photocatalysts. V. Rodríguez,* D. Rizaldos, R. Camarillo, F. Martínez, C. 

Jiménez, I. Asencio, J. Rincón. University of Castilla-La Mancha.  

375 

S2.23 Supercritical CO2 foaming of PLLA with liquid CO2-philic cell nucleators. 

Yagmur Culhacioglu, Nesrin Hasirci,  Cerag Dilek*. Middle East Technical 

University.  

377 

S2.24 Biodiesel production by using supercritical method. Yu. A. Shapovalov*, F. M. 

Gumerov, S. A. Soshin, S. V. Mazanov. Al-Farabi Kazakh National University.  

379 

S2.25 Raman Spectroscopic Study of the Effect of Aqueous Salt Solutions on the 

Formation Kinetics of Carbon Dioxide Gas Hydrates. Christine C. Holzammer*, 

Andreas S. Braeuer. Technische Universität Bergakademie Freiberg (TUBAF).  

381 

S2.26 Biocatalytic synthesis of Oxygenated Biofuels from Fatty Acids by using Ionic 

Liquids and Supercritical Fluids. Rocío Villa*, Pedro Lozano, Elena Álvarez, 

Susana Nieto, Antonio Donaire, Eduardo García-Verdugo and Santiago V. Luis. 

Universidad de Murcia. 

382 

S2.27 Volumetric expansion measurements by transesterification of fusel oil with 

acetic anhydride under supercritical carbon dioxide. Dias, Arthur Luiz Baião*, 

Yang, Junsi, Ciftci, Ozan Nazim, Martínez, Julian. University of Campinas.  

384 

S2.28 Valorization of Lupin seeds by supercritical technology. Marta Marques, Bruno 

Pedras*, João Souza, Alexandre Paiva, Pedro Simões and Susana Barreiros. 

Universidade Nova de Lisboa.  

386 

S2.29 Sustainable synthesis of nitro esters in the Freon medium. Ilya V. Kuchurov,* 

Mikhail N. Zharkov, Svetlana S. Arabadzhi, Sergei G. Zlotin. Russian Academy 

of Sciences.  

387 

S2.30 The effect of alkyl chain length on PVT properties and viscosity of 1-alkyl-3-

methylimidazolium acetate ionic liquids and their mixtures with ethanol. Mary 

McCorkill, Katrina Avery, James Dickman, John Hassler, Erdogan Kiran*. 

Virginia Tech.  

389 

S2.31 Supercritical fractionation of extracts from leaves of Salvia officinalis. Teresa 

Vélez, Raquel Mur, Carlota Giménez-Rota, Elisa Langa, José F. Martínez-

López*, Ana M. Mainar. Universidad de Zaragoza.  

391 
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S2.32 Supercritical fractionation of extracts from flowers of Calendula officinalis. 

Teresa Vélez, Raquel Mur, José S. Urieta, Elisa Langa, Juan I. Pardo*, Ana M. 

Mainar. Universidad de Zaragoza.  

393 

S2.33 Supercritical loading of gatifloxacin into hydrophobic foldable intraocular 

lenses in the framework of cataract postoperative endophthalmitis prevention. 

ONGKASIN.K,* MASMOUDI.Y, ZHANG. C, WANG. L., HE. W, 

BADENS.E. Aix Marseille Univ.  

395 

S2.34 Using mcl-PHA as polymer matrix for the impregnation of ibuprofen under 
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1. Introduction  

The SPAGYRIA Project (EU Project € 1.8M) arises from one of the line extension objectives set out in the 
TECHNOBIOCROP Project of MINECO (0.5 M €) for the use of fractions extracts of natural products 
obtained through sustainable technologies. Spagyria is also a project of cooperation, solidarity and 
innovation that aims to create a line of plant extracts for 
the production of ECO-cosmetics. The project involves 
seven partners including tutelary associations of groups 
at risk of social exclusion to help improve their 
employability. The aim is to capitalize on the 
experience and economic development of the partners 
on both sides of the Spanish-French border, both at the 
level of cultivation and conditioning of aromatic plants 
and at the level of sustainable extraction and evaluation 
of prepared products. 

2. Results and discussion 

At the moment, agronomic trials are being carried out in parallel in three different locations (Huesca, 
Pamplona and Toulouse) to determine the best growing conditions of eight aromatic and medicinal plants 
(Figure 1). The first studies of supercritical extraction and concentration of active principles using carbon 
dioxide as an anti-solvent agent indicate some species of sage, calendula and lemon balm as one of the most 
suitable for the preparation of ECO-cosmetic ingredients.1 

3. Conclusions 

Although Spagyria is still in an initial development phase we would like to emphasize that it brings together 
three essential characteristics: collaboration, sustainability and social impact, it is possible that social 
inclusion and research go together to achieve an egalitarian and knowledge society. 

The project has been 65% cofinanced by the European Regional Development Fund (ERDF) through the Interreg V-A Spain-France-
Andorra programme (POCTEFA 2014-2020). POCTEFA aims to reinforce the economic and social integration of the French–
Spanish–Andorran border. Its support is focused on developing economic, social and environmental cross-border activities through 
joint strategies favouring sustainable territorial development. 

El proyecto ha sido cofinanciado al 65% por el Fondo Europeo de Desarrollo Regional (FEDER) a través del Programa Interreg V-
A España-Francia-Andorra (POCTEFA 2014-2020). El objetivo del POCTEFA es reforzar la integración económica y social de la 
zona fronteriza España-Francia-Andorra. Su ayuda se concentra en el desarrollo de actividades económicas, sociales y 
medioambientales transfronterizas a través de estrategias conjuntas a favor del desarrollo territorial sostenible.  

 

References  
1. C. Grosso, A. C. Figueiredo, J. Burillo, A.M. Mainar, J.S. Urieta, J.G. Barroso, J.A. Coelho, A.M.F. Palavra, J. Sep. Sci., 2008, 33 

(14), 2211-2218. 

 

Figure 1. Aromatic and medicinal plants cultivated in 
Huesca (Spain). 
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INTRODUCTION, OBJECTIVES AND 1st RESULTS 

The SPAGYRIA Project (EU Project € 1.8M) arises from one of the

line extension objectives set out in the TECHNOBIOCROP Project

of MINECO (0.5 M €) for the use of fractions extracts of natural

products obtained through sustainable technologies. Spagyria is

also a project of cooperation, solidarity and innovation that aims

to create a line of plant extracts for the production of

ECO‐cosmetics. The project involves seven partners including

tutelary associations of groups at risk of social exclusion to help

improve their employability. The aim is to capitalize on the

experience and economic development of the partners on both

sides of the Spanish‐French border, both at the level of cultivation

and conditioning of aromatic plants and at the level of sustainable

extraction and evaluation of prepared products.

At the moment, agronomic trials are being carried out in parallel

in three different locations (Huesca, Pamplona and Toulouse) to

determine the best growing conditions of eight aromatic and

medicinal plants (Figure 1). The first studies of supercritical

extraction and concentration (Figura2) of active principles using

carbon dioxide as an anti‐solvent agent indicate some species of

sage, calendula and lemon balm as one of the most suitable for

the preparation of ECO‐cosmetic ingredients.1

Although Spagyria is still in an initial development phase we

would like to emphasize that it brings together three essential

characteristics: collaboration, sustainability and social impact, it is

possible that social inclusion and research go together to achieve

an egalitarian and knowledge society.

1. C. Grosso, A. C. Figueiredo, J. Burillo, A.M. Mainar, J.S. Urieta, J.G. Barroso, J.A. Coelho,

A.M.F. Palavra, J. Sep. Sci., 2008, 33 (14), 2211‐2218.
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1. Introduction  
Salvia officinalis (Figure 1), commonly known as 
sage, is a perennial plant that belongs to Lamiaceae 
family, order Lamiales, and genus Salvia. This plant is 
native to Mediterranean countries, although is 
currently cultivated in different regions.1 

Salvia officinalis (SO), has been considered as a 
universal panacea due to its great medicinal properties 
as antiseptic, anti-inflammatory or stimulant.1 It is an 
aromatic plant whose essential oil has also antifungal 
and antioxidant activities.  

Some researchers have demonstrated that the essential 
oil of the plant has a clear potential to treat the 
Alzheimer’s disease and to improve the memory. All 
these effects have been attributed to biological active 
compounds such as monoterpenes, diterpenes, triterpenes and phenolic compounds which can be found in 
leaves.1,2  

Then, it is worth to investigate how to obtain, from the extracts of SO leaves, fractions that would be 
enriched in the bioactive compounds. For this purpose, the Supercritical Antisolvent Fractionation (SAF) 
technique has been selected because it has been found very effective in the fractionation of this kind of 
compounds.3-5 In the SAF process, an ethanolic extract of SO is mixed in a chamber with supercritical CO2 
in such a way that those compounds of the extract that are insoluble precipitate in the chamber whereas other 
compounds that remain dissolved are recovered in a different vessel downstream. The optimum operation 
conditions are determined and quality of the fractions is assessed through HPLC analysis.  

2. Results and discussion 
SO leaves were firstly dried in order to reach a humidity degree near to 11%. Then they were ground and 
sieved (ANSI/ASAE S319.4 standard) to select an average particle diameter of ≈500 μm. After a defatting 
step using supercritical CO2, the exhausted solid vegetable material was soaked in absolute ethanol (1:10) for 
48 h to obtain the solution feed for the SAF experiments.  

The SAF apparatus basically consists of two main parts: a pumping section and a supercritical fluid 
separation section. A set of resistances and thermocouples along with a controller allows to regulate the 
temperature. At the bottom part of the vessel precipitator a metallic filter retains insoluble compounds. A 
downstream collector retains the organic solvent (ethanol) and the compounds that are still dissolved in the 
mixture CO2-solvent. Both of the obtained fractions were analysed by HPLC technique.  

A Response Surface Methodology (RSM) using Central Composite Design (CCD) was used to design a set 
of experiments with the aim of determining the effect on the fraction yield of two factors (pressure and CO2 
flow rate) and so to identify optimum working conditions. The software MINITAB® was used for data 
analysis and modelling.  

 
Figure 1. Salvia officinalis cultivated in Huesca (Spain). 
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Table 1. Experimental Central Composite Design (CCD) for SAF process. 

Run Order 1 2 3 4 5 6 7 8 9 10 11 12 13 
Pressure (CO2) (bar) 115 90 115 115 80 150 115 115 90 115 140 140 115 

CO2  Mass flow rate (g min-1) 35 17 10 35 35 35 35 35 53 60 53 17 35 
 

Table 1 shows the different working conditions for pressure and CO2 flow rate according to a CCD 
experiment design. As it is tabulated, the experiments are carried out sequentially. Experiment working 
conditions range for pressure, between (80-150 bar) and in the case of mass flow between (10-60 g/min).  

HPLC analyses were carried out in an e-Alliance 2695 System HPLC-PDA (Waters Technologies). A 
CORTECS® column 18, 4.6 x 150 mm and particle size of 2.7 μm. The mobile phase flow, 0.8 mL/min, 
consisted of three solvents: (A) water, (B) acetonitrile and (C) water–acetic acid (0.1%). Separations were 
performed at room temperature and the injection volume was 10 μL.  

3. Conclusions 
Salvia officinalis leaves present a moderate yield for ethanol soaking process once nonpolar compounds have 
been previously extracted with supercritical CO2 so that it turns to be an interesting candidate for further 
SAF process. In order to achieve the maximum yield in the fractionation process the optimum working 
conditions for pressure and CO2 flow rate were determined. The HPLC analysis proved that it is possible a 
good enrichment in the bioactive compounds of interest.  

 

The project has been 65% cofinanced by the European Regional Development Fund (ERDF) through the 
Interreg V-A Spain-France-Andorra programme (POCTEFA 2014-2020). POCTEFA aims to reinforce the 
economic and social integration of the French–Spanish–Andorran border. Its support is focused on 
developing economic, social and environmental cross-border activities through joint strategies favouring 
sustainable territorial development.  

El proyecto ha sido cofinanciado al 65% por el Fondo Europeo de Desarrollo Regional (FEDER) a través 
del Programa Interreg V-A España-Francia-Andorra (POCTEFA 2014-2020). El objetivo del POCTEFA es 
reforzar la integración económica y social de la zona fronteriza España-Francia-Andorra. Su ayuda se 
concentra en el desarrollo de actividades económicas, sociales y medioambientales transfronterizas a través 
de estrategias conjuntas a favor del desarrollo territorial sostenible.  
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IIntroduction and Objetives

Salvia officinalis (Figure 1), commonly known as sage, is a perennial plant
that belongs to Lamiaceae family, order Lamiales, and genus Salvia. This plant
is native to Mediterranean countries, although is currently cultivated in
different regions.1

Salvia officinalis, (SO), has been considered as a universal panacea due to its
great medicinal properties as antiseptic, anti-inflammatory or stimulant.1 It is
an aromatic plant whose essential oil has also antifungal and antioxidant
activities.

The essential oil of the plant has a clear potential to treat the Alzheimer’s
disease and to improve the memory. All these effects have been attributed to
bioactive compounds such as monoterpenes, diterpenes, triterpenes and
phenolic compounds which can be found in leaves.1,2

The aim of this work is to obtain, from the extracts of SO leaves, fractions of
enriched bioactive compounds. For this purpose, the Supercritical Antisolvent
Fractionation (SAF) technique has been selected.3-5 In the SAF process, an
ethanolic extract of SO is mixed in a chamber with supercritical CO2 and those
extract compounds that are insoluble precipitate in the chamber whereas
other dissolved compounds are recovered downstream. The optimum
operation conditions are determined and the quality of the fractions is
assessed through HPLC analysis.

• Operation conditions: solution composition: 3% (w/w) of extract (soaking) in
ethanol; solution flow rate: 0.45 mL/min and precipitator temperature: 40 oC

• Experimental design: Response Surface Methodology (RSM) using Central
Composite Design (CCD) for pressure, P and CO2 flow rate, QCO2 (Table 1)

Figure 3. Left: Scheme of the SAF plant. CO2 pump (PCO2), solution pump (PLIQ), refrigerating bath (CB),
heat exchanger (HE), precipitator (E), automatic back-pressure regulator (ABPR), manual back-pressure
regulator (MBPR), collector (S), Bourdon (M), Thermocouple (T); : view of the SAF plant. At the right:
some solid extract fractions obtained at the precipitator chamber.
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Material Pretreatment
Drying - Crushing and sieving (ANSI/ASAE S319.4 standard) - Defatting - Soaking:

Fractionation, Experimental Design and Results

Equipment: lab scale SAF apparatus (Fig. 3). Precipitator retains the insoluble
compounds. Collector recovers an ethanolic solution of the compounds soluble
in the mixture CO2-ethanol.
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Figure 2. Moisture analyzer (left), sieving machine (center) and soaking (right)

Conclusions
Salvia officinalis leaves present a moderate yield for ethanol soaking process
once nonpolar compounds have been extracted with supercritical CO2 so that it
results an interesting candidate for SAF process. The optimum working
conditions for pressure and CO2 flow rate were determined for the maximum
yield. The HPLC analysis indicated a good enrichment in the bioactive
compounds of interest.
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Figure 1. Salvia officinalis cultivated in Atades-Huesca (Spain)

Table 1. Experimental design (CCD): experiment order, values of the variables
and yields in the precipitator (Yp), collector (YC) and total yield (YTotal).y p p ( p),pp ( C)CC y ( Total)ll
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1. Introduction  
Calendula officinalis is an annual herbaceous plant that belongs to Asteraceae family, order Asterales, and 
genus Calendula. This plant is native to Europe, more specifically to the South and the West. It prefers clay 
soils and is a plant of temperate climates, but can withstand frost and droughts. 1 

Calendula officinalis (CO), produces an ample set of phyto-chemical compounds that include carbohydrates, 
amino acids, lipids and fatty acids, carotenoids, terpenoids, flavonoids, quinines, coumarins, etc. whose 
amount depends on the time and place of cultivation. Several of these compounds show pharmacological 
activities such as antibacterial, anti-inflammatory, immuno-stimulant, hepatoprotective, anti-HIV, etc. 2 Then, 
the study of the extracts of the plant and either the separation of the active compounds or the enrichment of a 
fraction in those compounds from those extracts is of special relevance in order to study the possibility of 
developing new drugs.  

As previous experiments have demonstrated that the flowers of CO contain the greater part of the 
compounds of interest and in greater proportions2 this study is aimed to carry out a fractionation of extracts 
from flowers of CO in order to obtain fractions enriched in those compounds. For this purpose, the 
Supercritical Antisolvent Fractionation (SAF) technique using CO2 as antisolvent has been selected because 
it has been found very effective in the fractionation of bioactive compounds.3-5 SAF is based on the complete 
miscibility between the selected liquid solvent and the supercritical fluid, at the process conditions; whereas, 
the solutes have to be not soluble in the supercritical medium. Therefore, when the liquid solution (solvent 
plus solutes) is sprayed in the precipitator, the liquid is rapidly extracted by the supercritical fluid 
(antisolvent) and the solute precipitates as a powder at the bottom of the vessel. The optimum operation 
conditions are determined, and quality of the fractions is assessed through HPLC analysis. 

2. Material and methods 

2.1. Material treatment 
CO flowers were firstly dried in order to reach a humidity degree near to 11%. Then they were crushed and 
sieved (ANSI/ASAE S319.4 standard) to select an average particle diameter of ≈500 μm. The next step was 
extracting the lipids compounds (degreasing) of the plant using supercritical CO2. Later, this material was 
macerated in absolute ethanol (1:10) for 48 h to obtain the solution feed for the SAF experiments. 

2.2. Supercritical antisolvent fractionation process (SAF).  
The SAF apparatus consists of two main parts: a pumping section and a supercritical fluid separation section. 
The temperature control is achieved by means of resistances, thermocouples and a controller. At the bottom 
part of the precipitator a metallic filter retains the insoluble compounds. A downstream collector is used to 
recover the organic solvent (ethanol) and the compounds that are still dissolved in the mixture CO2-solvent. 
Both of the fractions obtained were analyzed by HPLC.  

A Response Surface Methodology (RSM) using Central Composite Design (CCD) was employed to 
determine the effect of two factors (pressure and CO2 flow rate) on the fraction yield and to identify the 
optimum working conditions. For data analysis and model establishing the software MINITAB® was used. 
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Image 1. Maceration of exhausted calendula with ethanol (1:10) 

2.3. HPLC Analyses 
The HPLC analyses were carried out in an e-Alliance 2695 System HPLC-PDA (Waters Technologies). The 
used column was a CORTECS® 18, 4.6 x 150 mm and particle size of 2.7 μm. The mobile phase flow, 0.8 
mL/min, consisted of three solvents: (A) water, (B) acetonitrile and (C) water–acetic acid (0.1%). 
Separations were performed at room temperature and the injection volume was 10 μL. 

3. Results and Discussion  
The degree of humidity obtained from the samples is close to the 11% which is the limit established to 
continue with the process. To carry out the experiment, 500 g of the flowers were ground until obtaining a 
particle size of approximately 500 μm and 5 extractions of 100 g each were performed with supercritical 
CO2. Waxy compounds and essential oil were obtained as a result of each one of the extractions, leaving the 
powder of the flowers defatted (exhausted calendula) ready to macerate with ethanol. 

Then, the maceration of each exhausted calendula 
obtained in each experiment was carried out in a 
bottle with absolute ethanol (1:10) for 48 h at room 
temperature and under stirring (Image 1). 

After the maceration, all the content was filtered, 
obtaining a final approximate volume of 5400 mL 
with a concentration of 0.006 g/mL, that is, with 
32.54 g of extract from CO flowers. With this data, 
the yield after degreasing and maceration with 
absolute ethanol under these conditions turned out to be 7.2%. 

4. Conclusions 
Calendula officinalis flowers present a moderate yield the maceration with ethanol, once nonpolar 
compounds have been previously extracted with supercritical CO2, so that this material appears as an 
interesting candidate for further SAF process.  

The optimum conditions of pressure and CO2 flow rate in the fractionation in order to achieve a maximum 
yield were determined. From the obtained results, SAF process could be considered as an efficient 
fractionation technique (in the found optimal working conditions) for ethanol extracts from Calendula 
officinalis flowers. The HPLC analysis proved that it is possible a good enrichment in the bioactive 
compounds of interest. 
The project has been 65% cofinanced by the European Regional Development Fund (ERDF) through the Interreg V-A 
Spain-France-Andorra programme (POCTEFA 2014-2020). POCTEFA aims to reinforce the economic and social 
integration of the French–Spanish–Andorran border. Its support is focused on developing economic, social and 
environmental cross-border activities through joint strategies favouring sustainable territorial development. 

El proyecto ha sido cofinanciado al 65% por el Fondo Europeo de Desarrollo Regional (FEDER) a través del 
Programa Interreg V-A España-Francia-Andorra (POCTEFA 2014-2020). El objetivo del POCTEFA es reforzar la 
integración económica y social de la zona fronteriza España-Francia-Andorra. Su ayuda se concentra en el desarrollo 
de actividades económicas, sociales y medioambientales transfronterizas a través de estrategias conjuntas a favor del 
desarrollo territorial sostenible.  
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Introduction
Calendula officinalis (CO) is an annual herbaceous

plant of Asteraceae family whose flowers (Fig. 1)

contain an ample set of phyto-chemical compounds,

several of which have been reported to show

pharmacological activities such as antibacterial, anti-

inflammatory, anti-HIV, immuno-stimulant, hepato-

protective, etc.1

Figure 2. Left: Scheme of the SAF plant. CO2 pump (PCO2), solution pump (PLIQ), refrigerating
bath (CB), heat exchanger (HE), precipitator (E), automatic back-pressure regulator (ABPR), manual
back-pressure regulator (MBPR), collector (S), Bourdon (M), Termocouple (T); Right: view of the
SAF plant.

Figure 1. Flowers of
Calendula officinalis.

Objective
As Supercritical Antisolvent Fractionation (SAF) has been found very effective

in the fractionation of bioactive compounds,2,3 the aim of this work is to

separate extracts of flowers of CO in fractions enriched in those compounds

by applying SAF using CO2 as antisolvent.

Fractionation and experimental design
Material: flowers of CO, dried (humidity 11 %), crushed and sieved (average

particle size ≈ 500 m) ad degreased with supercritical CO2.

Extract: maceration of material in ethanol (1:10 w/w) for 48 h.

Equipment (Fig. 2): lab scale SAF apparatus. Precipitator retains the

insoluble compounds. Collector recovers an ethanolic solution of the

compounds soluble in the mixture CO2-ethanol.

Experimental design (Table 1): Response Surface Methodology (RSM) using

Central Composite Design (CCD) for precipitator pressure (P) and CO2 flow

rate (QCO2).

Data analysis and model establishing: software MINITAB®.

Table 1. Experimental design (CCD): experiment order, values of the variables and yields
(percentage of mass with respect to the mass of extract feeded) in the precipitator (YP),
collector (YC) and total yield (YTotal).

Every yield has been fitted to a full quadratic equation (MINITAB®).

Contour plots of the fitting appear in Fig. 4.
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Results and discussion
Yield for maceration is 7.2 % with respect to the mass of CO flowers.

Yields in the precipitator, collector and the total yield (sum of yields in

precipitator and collector) are shown in Table 1.

The precipitate was mainly an oily liquid with little powder (Fig. 3).

Figure 3. Left: liquid from the precipitator (diluted with ethanol); Center: liquid from the
collector; Right: view of the injector in the precipitator with a little powder.

The optimal conditions for YP are P = 92 bar and QCO2= 10 g/min whereas

for YC and YTotal as well as for all of the yields simultaneously are P = 160

bar and QCO2= 60 g/min. Higher values would be worth to be tested as they

could improve the yields.

Preliminary chemical HPLC analysis of fractions points to a good separation

of bioactive compounds of interest.

Figure 4. Contour plots
for each yield according to
the fitting to a full
quadratic equation







 

Table 1. Experimental Central Composite Design 
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1. Introduction 

In recent years chemistry industry has focused on developing alternative processes with a less significant 
environmental impact. As is well known, supercritical fluids are receiving great interest from various 
industrial sectors due to their versatility and being a prominent part of the so-called green solvents. In fact, 
due to their properties, they allow to perform separation, extraction, fractionation, synthesis or precipitation 
processes effectively, which generates value-added products for industries such as pharmaceutical, cosmetic 
or agri-food.1  

The aim of this study is to evaluate the supercritical anti-solvent fractionation 
(SAF) with CO2 to concentrate compounds of interest from extracts of Jasonia 
glutinosa (Figure 1).2 Jasonia belongs to the family Asteraceae, subfamily 
Asteroideae. More commonly known as rock tea or Aragon tea, it is a perennial 
plant up to 30-40 cm with yellow tubular flowers and glandular hairs that 
produce a resinous substance with a characteristic odor. It grows in high 
mountain areas (1300-2000 m) mainly in cracks of dry and sunny limestone 
crags. This plant species can be found in the western Mediterranean area, mainly 
in the eastern half of the Iberian Peninsula.3   

The composition of the essential oil of Jasonia glutinosa is headed by camphor 
(30-40%) and borneol (15-20%) and followed by other minor compounds such as 
cyclic monoterpenes, oxygenated monoterpenes, sesquiterpenes, flavonoids and 
phenolic acids.4,5 These minority compounds have properties of pharmacological 
interest as anti-inflammatory, antimicrobial or antioxidant. 6 

2. Results and discussion 

Pressure and flow rate of CO2 have been selected as factors 
under study, keeping constant the temperature (40 ˚C) and the 
flow rate of the feed solution (0.45 mL / min). The minimum 
and maximum levels of the factors considered were (80-150) 
bar and (10-60) g / min. To find the optimal conditions of the 
process, an experimental design was initially carried out using 
statistical software. Response surface methodology (RSM) 
using central composite design (CCD) was used to evaluate 
the effect of pressure and CO2 flow rate on the SAF process. 
Table 1 shows the number of experiments performed and the 
working conditions set for each of them. 

A previously defatted ethanolic tincture of Jasonia was used 
as a feed solution in order to generate concentrated extracts in 
polyphenolic derivatives such us chlorogenic acid. This 
compound is the ester of caffeic acid and quinic acid, which 
acts as an intermediate in the biosynthesis of lignin. It is long 
known as an antioxidant and also slows the release of glucose 
into the bloodstream after a meal. 
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The HPLC analyses were carried out in an e-Alliance 2695 System HPLC-PDA (Waters Technologies). The 
used column was a CORTECS® 18 2.7 μm (4.6 x 150 mm). The mobile phase flow, 0.8 mL/min, 
consisted of three solvents: (A) water; (B) acetonitrile and (C) water–acetic acid (0.1%). Separations were 
performed at 30 ± 5 ˚C and the injection volume was 10 μL. A gradient elution was performed to change the 
strength of the eluent during the analyses. 

In the SAF process, the total feeding material recuperation yield is reached up to 95%. The yield of 
precipitation in chamber vary from 32% to 64%. HPLC-PDA results showed that the two fractions obtained 
in the SAF process provide different composition, Figure 2, with enrichment in chlorogenic acid in the 
precipitation chamber. The statistical analysis of the results obtained shows the dependence of the yields of 
the process with the two variables studied, pressure and flow of CO2 

3. Conclusions 

Experimental design has been used to optimize an anti-solvent precipitation technique. The results achieved 
evidences that it is possible to fractionate satisfactorily the extracts of Jasonia glutinosa. Performing an 
HPLC analysis of the 3 samples (feed, chamber and collector) has shown that the chlorogenic acid is retained 
exclusively in the chamber, thus obtaining a fraction enriched in a known antioxidant. 

The project has been 65% cofinanced by the European Regional Development Fund (ERDF) through the Interreg V-A Spain-France-
Andorra programme (POCTEFA 2014-2020). POCTEFA aims to reinforce the economic and social integration of the French–
Spanish–Andorran border. Its support is focused on developing economic, social and environmental cross-border activities through 
joint strategies favouring sustainable territorial development. 

El proyecto ha sido cofinanciado al 65% por el Fondo Europeo de Desarrollo Regional (FEDER) a través del Programa Interreg V-

A España-Francia-Andorra (POCTEFA 2014-2020). El objetivo del POCTEFA es reforzar la integración económica y social de la 

zona fronteriza España-Francia-Andorra. Su ayuda se concentra en el desarrollo de actividades económicas, sociales y 

medioambientales transfronterizas a través de estrategias conjuntas a favor del desarrollo territorial sostenible. 
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Figure 2. Chromatogram of the two fractions obtained in the SAF process: camera (black) and collector (green) 
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The aim: To evaluate the supercritical anti-solvent fractionation (SAF) with CO2 to concentrate compounds of interest from extracts of Jasonia glutinosa

Jasonia belongs to the family Asteraceae, subfamily Asteroideae. More commonly known as rock tea or Aragon tea, this plant species can be found in the western Mediterranean area,

mainly in the eastern half of the Iberian Peninsula.1 The composition of the essential oil of Jasonia glutinosa is headed by camphor (30-40%) and borneol (15-20%) and followed by

other minor compounds such as cyclic monoterpenes, oxygenated monoterpenes, sesquiterpenes, flavonoids and phenolic acids.2,3 These minority compounds have properties of

pharmacological interest as anti-inflammatory, antimicrobial or antioxidant.4

• In the supercritical anti-solvent fractionation process, the total feeding material recuperation

yield is reached up to 95%. Table 2 shows the values of yields of each experiment.

• Two compounds from phenolic acids family are identified: chlorogenic acid and gallic acid.

• Performing an HPLC analysis of the 3 samples (feed, chamber and collector) has shown that the

chlorogenic acid is retained exclusively in the chamber, thus obtaining a fraction enriched in a

known antioxidant.

• The statistical analysis shows that the yields of the process depends on caudal and pressure of

CO2. Optimized values to this process are 15 g/min of CO2 caudal and 150 bar of CO2 pressure.

1

2 3

J. glutinosa feed extract solution was concentrated in two fractions using the SAF technique, with the

equipment of Figure 1. Both fractions, the chamber and collector vessel fraction, were analysed with

HPLC (Fig 3). Table 1 shows the experiments realized and their experimental conditions. Figure 2

shows the material obtained in the experiment one.

Fig. 2 – Powder from chamber (1) and 
filter (2 and 3)

Table 1.- Experimetal conditions and order accordign to the experimental
desing.

Fig. 1 – SAF equipment diagram. Scheme of the SAF plant. CO2 pump (PCO2), solution pump (PLIQ), refrigerating bath (CB), 
heat exchanger (HE), precipitator (E), automatic back-pressure regulator (ABPR), manual back-pressure regulator (MBPR), 

collector (S), Bourdon (M), Thermocouple (T).

Chamber fraction

Collector vessel fraction

Methods and materials Results

Introduction
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Fig. 3 – Chamber (black) and collector vessel (green) chromatogram.

Chamber

Collector

Chlorogenic acid

Table 2. - Values of the yields (percentage of mass with respect to the mass of extract feeded) in the
precipitation chamber (YP), collector (YC) and total yield (YTotal); and values of concentration of chlorogenic acid
in chamber (% chamber / % feed solution).
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