
Green technology for extraction of high-value 
compounds from agricultural by-products using 

supercritical fluid extraction and chromatography  

To extract carotenoids from carrots by-products using 
supercritical fluid extraction (SFE) technique and vegetable 
oils as a co-solvent. To establish an analytical method based 
on supercritical fluid chromatography (SFC).  

Arwa Mustafa*, Leire Mijangos Trevino  and Charlotta Turner  
Lund University, Department of Chemistry, Centre for Analysis and Synthesis 

Arwa.Mustafa@organic.lu.se 
 

 According to the Swedish Board of Agriculture 2011, 
about 30% of the carrot harvest is regarded as by-product 
since it does not meet the strict market standard regulations 
on the size and shape. Carrots are one of the richest sources 
of carotenoids, the reported values are in the range 16-38 mg/
100g [1,2]. Carotenoids are known to have effect against 
singlet oxygen, inhibit LDL cholesterol oxidation, control the 
risk of a range of different cancers and improve cognitive 
development and neuroprotective effect [3].  

 The conventional extraction and analytical methods for 
carotenoids involve the use of organic solvents that are 
regarded as costly, environmentally hazardous, and require 
expensive disposal procedures. In addition to been lengthy. 
  SFE of carotenoids using oil as a co-solvent purposes a 
more environmentally sustainable technology that does not 
requires any organic solvents for extraction. Coupling it with 
SFC analytical method results in a more sustainable 
analytical procedure since the co-solvent used is ethanol, 
which is generally regarded as safe (GRAS). 
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high selectivity; inert, light 
and oxygen free set-up; low temperature of extraction; easy 
removal of the CO2; solvent free end products; final 
products that does not require further process. 

Using SFE with oil as a co-solvent results in 25 % higher 
carotenoids yield compared to pressurized hot ethanol 
extraction. Using SFC with ethanol as co-solvent it was possible 
to separate and quantify carotenoids within 5 minutes Fig 2. 
Sunflower oil gives higher yield while rapeseed oil gives better 
storage stability Fig 3. Carotenoids in oil shows good stability 
upon storage at -8°C. The yield of carotenoids is significantly 
affected by the type of oil and extraction conditions Fig 4&5.  

 
Freeze-dried carrots; 
400 bars; 60°C; 30 min; 
9% oil (v/V, Oil/CO2); high 
purity CO2 and vegetable oil 
as co-solvent.  
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Column: YMC-C18 
Pressure: 100 bars 
Temperature 40°C 
Co-solvent: Ethanol 15%  
Flow rate: 5mL/min 
λ=450  
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It was possible to establish an organic solvent free analytical 
procedure for the extraction of carotenoids from carrots by-
products using: a quick SFE with oil as co-solvent; and a short 
SFC method, where carotenoid are separated with 4 min. 

Figure 2. SFC chromatogram of carotenoids from carrots by-products 
extracted by SFE with oil as co-solvent. 	


Water Extraction and Particle 
formation On-line (WEPO) by 
supercritical CO2 technology 

Aim 
To produce a dry antioxidant powder from onion sample 
using pressurized hot water extraction (PHWE) coupled 
on-line to supercritical CO2 (scCO2) particle formation.!
!
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Background 
Water  is  a  sustainable  solvent,  and  when  used  at  higher 
temperature  and pressure,  fast  and clean extraction can be 
obtained. The main drawback is that dilute aqueous extracts 
are produced, and concentration of the extract by for instance 
evaporation or freeze drying, is energy demanding.!
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Equipment 
Equipment has been designed combining PHWE with  drying 
“on-the-fly”  by  mixing  the  flowing  extract  solution  with 
scCO2  in  a  small  Tee-connection,  which  has  an  attached 
pressure restrictor that sprays the solution into an expansion 
chamber [1-3]. The resulting aerosol is instantaneously dried 
by  hot  N2  in  the  expansion  chamber,  and  particles  are 
collected on a filter.!

Extraction!
A PHWE method has been developed using water as a solvent 
at  120  °C  and  80  bar,  5  min  static  plus  40  min  dynamic 
extraction,  at  a  flow  rate  of  0.3  mL/min,  resulting  in  a 
quantitative  extraction  of  quercetin  species  from  an  onion 
sample of 2 g.!

Particle formation 
Obtained particles were investigated by HPLC with UV/Vis 
detection, scanning electron microscopy (SEM), and thermo-
gravimetric analysis. Onion extract produced by PHWE was 
also freeze dried and used as a control.!

Conclusions 
The developed WEPO process offers on-line extraction and 
particle  formation  of  antioxidants  from  plants  using  only 
water and scCO2 as solvents. Dry spherical particles of high 
antioxidant capacity have been obtained from onion.!
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Figure 1. Onions (left) and quercetin (right).  

Figure 2. Scheme of the designed WEPO equipment. 

Figure 3. HPLC chromatogram of particles obtained by WEPO. 
Peaks quercetin-3,4’-diglucoside (1); quercetin-3-glucoside (2); 
quercetin-4’-glucoside (3); quercetin (4). 
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Figure 4. SEM images of dried onion extracts: from the WEPO 
process (A), magnification of a few WEPO-particles (B) and freeze-
dried sample (C). 

Output parameter WEPO particles Freeze-dried 
PHWE 

PHWE, fresh 

Concentration of quercetin 
(µg/mL) 

8 ± 5 10 ± 3 11 ± 3 

Concentration of quercetin-
3-glucoside (µg/mL) 

0.30 ± .01 0.40± .07 1.70 ± 0.08 

Concentration of quercetin-
4´-glucoside (µg/mL) 

16 ± 2 18 ± 5 19 ± 5 

Concentration of quercetin-
3,4´-diglucoside (µg/mL) 

9.0 ± 0.3 11 ± 2 14 ± 2 

Water content (weight %) 4 6 – 

Antioxidant capacity, 
TAC1/2 (!g/mL) 102 ± 3 104 ± 2 

_ 

Powder morphology Spheres, 0.25-4.0 
!m in diam. Fibrous network _ 

 

Table 1. Summary of the results 
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