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➢ Provision of hemp plant material 

The aerial parts of two EU-approved fiber-type C. sativa varieties (i.e. 'Fedora 17' and 

'Futura 75'), harvested during the flowering period in September 2019, were provided 

by the relevant unit in Farsala (Thessalia, Greece). Both air-dried plant materials were 

certified for a THC content not exceeding 0.2% (w/w), according to the analyses carried 

out at the Laboratory of Pharmacognosy and Natural Products Chemistry (LPNPC), 

Department of Pharmacy, National and Kapodistrian University of Athens (Greece). 

The hemp samples were finely ground in a mill and placed in storage at room 

temperature, in the absence of light. 

 

➢ Comparative study on the two fiber-type C. sativa cultivars in laboratory scale 

Initial investigations were carried out using a lab-scale SFE apparatus (SEPAREX, 

Champigneulles, France), in order to assess both cannabinoids content and extraction 

yield as well as the effect of ethanol as a co-solvent at frequently reported proportions 

(i.e. 0-5% w/w) [1-4]. Each experiment was performed for 2 h, by filling the extraction 

vessel (100 mL) with ca. 20 g of C. sativa dried material. The pressure in the extraction 

vessel was kept constantly at 15 MPa (or 150 bar), while the CO2 flow rate was adjusted 

in order to minimize solvent consumption but retain the extraction yield. Total yield 

was estimated as % (w/w) of the dried plant material. Table 1 shows the yields obtained 

as well as the results from the UPLC-PDA analyses performed at “LPNPC”. 



 

 

Table 1. Cannabinoids content and extraction yields with reference to the lab-scale experiments 

performed using both plant materials. 

Compound Content (% w/w) 

 Fedora 17 Futura 75 

 Fed_SFE_L01 Fed_SFE_L02 Fut_SFE_L01 Fut_SFE_L02 

 0% EtOH 5% EtOH 0% EtOH 5% EtOH 

Δ9-THC 0.07 (± 0.01) 0.06 (± 0.01) 0.10 (± 0.01) 0.11 (± 0.02) 

THCA 0.52 (± 0.02) 0.49 (± 0.06) 0.99 (± 0.08) 0.83 (± 0.12) 

Total Δ9-THC* 0.53 (± 0.03) 0.49 (± 0.06) 0.97 (± 0.08) 0.84 (± 0.13) 

CBD 0.68 (± 0.09) 0.58 (± 0.12) 0.71 (± 0.08) 0.79 (± 0.15) 

CBDA 11.12 (± 0.91) 9.24 (± 1.22) 22.72 (± 1.77) 20.22 (± 1.23) 

Total CBD* 10.43 (± 0.89) 8.68 (± 1.19) 20.64 (± 1.63) 18.52 (± 1.23) 

Extr. Yield (% w/w) 8.09 10.83 8.94 10.60 

* Sum of percentages by weight (% w/w) of neutral form & acidic form multiplied by 0.877, e.g. total 

Δ9-THC = Δ9-THC + (0.877 × THCA). 

 

According to Table 1, it was shown that the extracts obtained using 100% CO2 were 

the most concentrated in cannabinoids including CBDA, CBD, THCA, and Δ9-THC. 

The use of EtOH (5% w/w) as a co-solvent increased the extraction yield, while the 

concentration of the cannabinoids examined was lower. 

 

➢ Comparative study on the two fiber-type C. sativa in pilot scale 

The C. sativa dried material (ca. 360 g) was submitted to supercritical fluid extraction 

using a pilot-scale SFE 1-2 No. 4218 apparatus (SEPAREX) consisting of a CO2 tank, 

a liquid CO2 pump (up to 10 kg/h capacity), two directly connected extraction vessels 

(i.e. 1 & 2 L), three separators (200 mL capacity each), a co-solvent pump, and a cooling 

system using glycol. The extraction was carried out within a stainless steel basket 

placed in the 2-L tubular extractor [1]. The pressure in the extraction vessels was kept 

constantly at 15 MPa, while the pressure in the separators compartment was held at 4 

MPa. The extraction and separation temperatures were set at 35 °C and 30 °C, 

respectively. The extraction was static with continuous recycling of the CO2 gas at a 

flow rate of 5 kg/h. The extract was partially collected every 40 min and the whole SFE 

procedure lasted approximately 8 h. Extraction yield was estimated as % (w/w) of the 

dried plant material. Listed in Table 2 are results from the yields obtained. UPLC-PDA 

analyses will be carried out at “LPNPC”. 

 



 

 

Table 2. Cannabinoids content and extraction yields with reference to the pilot-scale 

experiments performed using both plant materials. 

 Fedora 17 Futura 75 

 Fed_SFE_P01 Fed_SFE_P02 Fut_SFE_P01 Fut_SFE_P02 

 0% EtOH 5% EtOH 0% EtOH 5% EtOH 

Extr. Yield (% w/w) 8.94 10.04 8.76 9.44 
 

 

The trends observed for the use of ethanol as a co-solvent are similar to the laboratory-

scale experiments. The respective yields obtained using 5% (w/w) ethanol appeared 

higher compared to the values obtained using solely CO2.  

 

➢ Optimization of the SFE process in terms of cannabinoids content and 

extraction yield 

 

The ongoing optimization studies are carried out by using “Futura 75” plant material, 

which showed higher concentrations regarding the major cannabinoids as compared to 

“Fedora 17”. The Design of Experiments (DoE) followed employs Response surface 

methodology (RSM) to determine the optimal extraction conditions of the SFE process. 

A circumscribed (rotatable) central composite design (CCD) has been applied to 

investigate the effects of significant extraction parameters on the recovery of both acidic 

(e.g. CBDA, THCA) and neutral cannabinoids (e.g. CBD, Δ9-THC) and total extraction 

yield. The three independent factors selected for the study, i.e. pressure in the extraction 

vessels (A), extraction temperature (B), and co-solvent (ethanol) ratio (C), were 

examined at 5 levels, as presented in Figure 1 in natural and coded form. 

The selection of the process parameters and their tested ranges were based on 

preliminary (single-factor) experiments and relevant literature reports [2-4]. 

 

 
 

Figure 1. The circumscribed central composite design (CCD) employed for the optimization 

of the SFE process. 
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