To be selective on the colour of the extract while obtaining the best yield, an optimization of the sc-CO2 + co-solvent extraction has been performed through a design of experiments, with the composition of the hydroalcoholic co-solvent, the temperature and the co-solvent ratio as factors.

According to the operating conditions, extractions yields varied from 3 to 35% and extract compositions greatly differed, with 0,15% to 3,7% alizarine, for instance. The co-solvent composition was the most influent factor and it had a great impact on both the extraction yield and the extract composition. On contrary, temperature had little influence in the considered range (40-60°C). 

  Extraction of Madder root dyes: Comparison of processes (maceration, ultrasound, sc-CO2) and optimisation of sc-CO2 extraction A. Gombert a , C. Harscoat-Schiavo a , C. Brunet b , A. Fertet b , P. Subra-Paternault a , A. de la Sayette b , R. Savoire a a Univ. Bordeaux, CNRS, Bordeaux INP, Institut CBMN-UMR 5248, Bât B14, allée Geoffroy Saint Hilaire, F-33600 Pessac, France b ARRDHOR -CRITT Horticole, 22 rue de l'Arsenal, F-17300 Rochefort, France Madder has been cultivated for its red dyes since ancient Egypt. 1 Its roots contain anthraquinones mainly alizarin, quinizarin and their glycosylated compounds. 2,3 Extraction of these dyes is conventionally performed by hydroalcoholic maceration. The aim of the present work was to implement various extraction processes in order to intensify extraction. Both the extraction yields and purity of extracts in dyes were compared. Several processes were used to obtain coloured extracts of madder roots : (i) hydroalcoholic maceration (MAC), (ii) ultrasound assisted extraction (UAE) at different intensities in hydroalcoholic solution and (iii) supercritical CO2 extraction (sc-CO2) + hydroalcoholic co-solvent (SFE) . For each extraction, ground madder roots were extracted at 50 °C with the same solvent to solid ratio and hydroalcoholic solvent composition. Various fractions were collected over time for each extraction to monitor the extraction kinetics in terms of yield and composition (color). Different colours were obtained from yellow-orange to red. The fractions from sc-CO2 + co-solvent extraction were orange over time whereas maceration and ultrasound extraction fractions changed over time from orange to red. Characterization of extracts by HPLC-UV/DAD allowed to quantify 6 anthraquinones and glycosylated derivatives. A clear relationship could be established between the extract composition and its color intensity. (Figure 1).
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 1 Figure 1 : Hydroalcoholic extracts collected from EFS (A) extract rich in alizarin, purpurin and quinizarin -(B) extract rich in lucidin primeverosid and ruberythric acid