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Context Objectives

» Renewable resource: > 6 Mt Spent Coffee Grounds (SCG) year worldwide > Identify role of pressure, temperature and moisture in SC-CO,/H,O/SCG system
» Green solvent: SuperCritical CO, (SC-CO,) is CO, above 31 °C, 74 bars » Optimize the simultaneous extraction for lipids and polyphenols recovery

» Solution: To remove drying pre-treatment of SCG - reduce cost of process » Method -=> Design of Experiments (DoE) - Central Composite Design
Rotatable (CCDR)
R E

Water = co-solvent Indepegldent Unit Level of the factors
- variaples
- favors polyphenols extraction . 1 0 1 o
Pressure bars 115.9 150 200 250 284.1
X Water = barrier to CO, diffusion Temperature °C 33.2 40 50 60 66.8
- limitates lipids extraction _
Moisture content wt%o 6.4 20 40 60 /3.6

Design of Experiments

Polyphenols
RYL Response RYP
Recovery Yield of Lipids (RYL) Recovery Yield of Polyphenols (RYP)
Polynomial equation
B Yield of lipids extracted by SC — CO, ~ Yield of polyphenols extracted by SC — CO,
~ Yield of lipids extracted by n — hexane Soxhlet Ps>>>T>M Influent M>>>psT ~ Yield of polyphenols extracted by hydroalcohol
p aram Ete rS Temperature (°C)*Pressure (bars)
0.9225 R2 0.7125 ‘ ’ )
By d Cross optimization lipids and polyphenols extraction | "~ ey .
Recovery 40 Temperat re (CC) 0 : 100 40 °° Temperature (*C) . Recovery
200 o 200 100 Yield
Yield “ b 265 bars 55 °C >> Wivh moisture Pressure (bars) Polyphenols
Lipids . content Molsture content (wi Pressure (bar wit%
wt% = N < 10
— 92.68 Measured >-30 . -
= ;g i ig 11.40 | -1 (0-66gpolyphenoIS'1OOg_ = 213 _ EE
0 Lipids (wt%) (11.409,i 1004 " sca) response D polyphenols (wt% y §3 - :2
- 2 N““mhﬁ_u_;r_fpfﬁﬁf- . - 2.
50 - 60 slure content (W% 00137 p Value 01362 do_ wio) H_fﬂ/ 35 - 40
~ | ; - 100 ” - oisture content (wt% — . 40 _ A5
= ?’g _ ;g 240 280 Pressure (bars) i (p < 005) (p > 005) Pressure (bars) 300 200 240 ZB[|} 45 - 50
B 80 - 90 eimure content s emperarec) | DR 20T O
B o0 - 95 e content (wt%)Tempera o R T S 55 - 60
] > 95 ) T, ] > 6.0
Q Pressure influence Moisture influence Polyphenols (wt)
Naun - Increase of CO, density - Increase polar interactions e *
pr - Iﬁl%isture content (wt%)
= Moasture content (wt%) Temperature (‘C 60 .
Temmmff(oq 60 0 A. Vandeponseele et al., 2020, Green Chemistry, 22, 8544—-8571. o
Characterization of oil Mechanism of extraction for caffeine
- . Supercritical CO, extraction at 265 bars, 55
Fatty Acids Profile (wi%) Fatty Acids AntiOxidant % °C of caffeine present in different matrices
. Level ( Capacity
Experiments Ytatty | 1 e .
: : : _ _ acids- 1000 (HMOly 010, 1009 ) E 70 Extract composition
Cl6:0 | C18:2 | C18:1 | C18:0 | C20:0 < - > purity > 99 Wt% in caffeine
Q
>
ﬁoxmet ”.'I 30.25 | 48.87 | 1058 | 7.41 | 2.89 42.92 2319.1 g 50 Caffeine behavior in coffee
Ells el @ 40 > complexes with chlorogenic acid
Cross Kz - - interacts with its natural matrice
. . . 1)
optimization | 39.24 | 42.30 9.30 6.61 2.55 53.37 700.2 = | _ |
oil e Mechanism of caffeine extraction
Kaffe Bueno 10 ) H,O breaks caffeine
oil 34 44 9 7.3 2.6 / / ; interactions
Caffeine vl SC-COZ/HZO liquid/liquid
No matrice, as pure caffeine extraction
SCG oil obtained by SC-CO. VS n-Hexane With cellulose by addition of pure caffeine in dry conditions
2 With cellulose by addition of pure caffeine in wet conditions
2 Fatty Acids Profile =, Fatty Acids Level /and Antioxidant CapaCIty \ No matrice, recristallized chlorogenic acid-caffeine mixture
: : : : From dry extract of hydroalcoholic extraction
SCG oll V_8_ comm_erC|aI Katfe Bueno oil tor cqsmetlcs From dry spent coffee grounds J. Tello et al., 2011, The Journal of Supercritical Fluids, 59, 53—-60
K4 competltlve qua“ty Compared to the commercial one = From wet spent coffee grounds E. Sondheimer et al., 1961, Archives of Biochemistry and Biophysics, 93, 63-71
» Modelize the SC-CO,/H,0O/SCG interactions Perspectlves » Study the SC-CO,/H,0 system applied
with DFT simulation ———— to other biomasses

» Explore novel combination of SC-CO, with green solvents
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