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1. Introduction

2. Objective

\ \
Many bioactive and high added-value compounds from microalgae are of industrial and The main objective of this work is to propose an alternative sequential gradient partition
economic interest, due to their numerous applications in the food, cosmetic, or method through the use of “green” solvents instead of other classical and hazardous solvents,
pharmaceutical industries. Traditional extraction methods for these compounds from and which in turn allows obtaining similar bioactive and high added-value compounds
microalgae typically involve the use of organic solvents that are often harmful to the health extraction yields from microalgae biomass.
of workers and/or the environment. Such solvents as hexane, toluene, dichloromethane ~ /
(DCM) and n-butanol, are frequently used for sequential gradient 1partition of microalgae
biomass, in order to isolate bioactive compounds contained in it". The search for new uEmANomEmACTF Extraction with MeOH [ up e
extraction methods or the improvement of current processes could help to find more ‘ | LEines
sustainable and environmentally friendly processes, and, in this regard, "green"” solvents are
ka little-explored source of viable alternatives that could solve this problem®. p
3 Materials and methods SEQUENTIAL. GBA.DIENT PARTI'!’ION j,
—> Double SOlld-llCIUId extraction with methanol (4OOC, ‘ MeOH/H,O (7:3) ‘
| _ _ 30 min).
Biomass: Chrysochromulina rotalis — Multiple liquid-liquid extraction steps with polarity j, ,|,
gradient organic solvents (hexane, toluene, DCM DICHLOROMETHANE ‘ . ‘
. . . FRACTION
GREEN SOLVENT ASSAYS and n-butanol) in different MeOH/H,O mixtures
SOLUBILITY TEST (9:1, 7:3, 6:4 and 0:10, respectively)'. [ |
N _ _ _ —> Antiproliferative activity assays with extracts from O rRACTION
. _ .
1: 1 viv solvent mix with different MeOH/H,O each extraction step.
mixtures.
SOLID-LIQUID EXTRACTION
¢ 10 mg biomass extraction with MeOH (40°C, 2 min). { ssveris for }
LIQUID-LIQUID EXTRACTION | 2sowenstor |
<> MethanO“C eXtraCt partltlon Wlth OrganIC Solvent and [ Gre:gsic;:;/:nts } \ : 80|d-|qudextracuon Liquid-liquid extractuon} ,?Riec"}r',qcl)c” :> Fact:ta;rc:;réc;ic;i:lr;gis
proper MeOH/H,O mixture (previously determined). | oicniorametane [ ]
ORGANIC EXTRACT VALORIZATION > Ssohentsfor L | Figure 1. Strategy followed to assay “green” solvents in the laboratory.
. . . 3 ) ’
0 PhOtOdIOde_array HPLC Carotenoids anaIySIS ] Figure 2. Diagram and pictures of the sequential liquid-liquid extraction process with polarity
O Fatty acids determination by GC-F|D4_ gradient used as control experiment for bioactive and high added-value compounds recovery
yields.
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S Meana Table 1. Solubility assays for each green solvent proposed in this work ° 64 e
v Loene o (++, totally inmiscible; +, partially miscible; -, miscible). § £ 06 - - ‘
€ 1-butanol = §
0 f \r:\-latta ative solvents E 4 5 n ‘
R tive solvents Solvent to replace Proposed MeC.)HIHZO Inmiscibility = ;99 o
8 Dic n alterative solvent Green solvents mixture 5 B Hexane 0
< lternative solvents = 2 I Tpluene 0,2 -
Cyclohexane 9:1 ++ o - oromethane J_l_._-_.
Hexane Heptane 9:1 ++ 0 ANNEE H B B B N 0,0 - . | NN NN
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Pentane 91 +t Q\eg:o?(\e3@320‘%@&2030@<;;Q@:;e§§§§\§e’;@f; rbﬁ%i;o\iir%ii&oi?\\% 66\'3 Q@'ééoe?‘:z\e{icooo Q@*\«C?‘;Q,Qééoio @e’:;ig@}%@f@@;&wiﬁ;}% /sz}&@%fz}\ Q@(\
Tol Chlorobenzene 7:3 ++ o o‘ﬁe\\c’ﬁc‘ﬁi& 0’0{\;\,\& @§0°°o‘°& v\’%‘?’i@‘\\@o’b@ @ o@ov*%\-\@c:@@o”@@ 4’&\@53’.\ $  FeES
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> oliene Methylcyclohexane 7:3 ++ W \QO\&Q @e@ ot N QO\&Q @e’@ ©
>z t-amyl methyl ether 6:4 ++
n-butyl acetate 6:4 ++ Figure 4. Total Fatty Acids (A) and Carotenoids (B) content determined from each green solvent extract (hexane, toluene, DCM
10 Cyclopentyl methyl ether 64 T a_nd n-butanol as control, followed by its re_spective alternative_ a_ssayed solvents). With arrows those solvents that extracted the
0098/ /N highest amount of fatty acids and carotenoids, or an amount similar to that extracted by the control, have been marked.
0 10 20 30 40 50 60 70 80 90 100 64 -
Polar force, fp, 5:5 -
Ethyl acetate 4555 In order to propose an alternative sequential gradient partition, only one green
Figure 3. Ternary diagram for Hansen'’s solubility DCM 919 - prop /€ seque gradi P ) y gre
parameters, representing classical solvents 4:6 ++ solvent was selected for each liquid-liquid extraction step. Thus, the selection
S(’)'ﬁ/‘;‘;’tsv‘(’h:t:enagdm’fgs)symbO'S) and proposed obutvl acetat 5212 - ¥ criterion followed was the one extracting the most total amount of compounds
] . ++ . . . g
J Y sobtylacelate Pl A from the methanolic extract. Also, other criteria such as green score or additional
64 ) operational costs derived from the use of these solvents were taken into account.
Methylisobuthy! ketone 55 ¥ Finally, the solvents selected were cyclohexane as a substitute for hexane,
For liquid-liquid extraction experiments, 4555 ++ chlorobenzene instead of toluene, isobutyl acetate for DCM, and isoamyl
only MeOH/H,O mixtures with total t-amyl alcohol 0:10 ++ alcohol, for replacing n-butanol.
inmiscibility (marked as ‘“++’ in Table 1) butanol o Be;‘hzyl' a'CghO't 8118 T+
- : ++
for each solvent were selected. MEHYE Carbonate ;
Isoamyl alcohol 0:10 ++ .
1-pentanol 0:10 ++ / 5 CO”CIUS'O”S \
Figure 5. Total Carotenoids and Fatty Acids ~ ° ¢ Seventeen “green” solvents have been assayed for fatty acids
Table 2. Antiproliferative activity found from the different sequential extracted as a function of the solubility o Toml Coratoraie Y and carotenoids extraction performance, against control solvents.
I iti i I vitv: I vitv: . . = | @ o} a cids . - -
gradient partition fractions (++, high activity; +, little activity; -, no  parameter or, related with solvent polarity. 5 Tol Fay Acid At least five of them showed higher fatty acids content extracted
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Total Fatty Acids content, % d.w.

activity). than in the control, and another five solvents did the same for

carotenoids content.
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Antiproliferative activity

Total Carotenoids content, % d

Hexane | Toluene | Dichloromethane | n-butanol H.0 | Toluene and DCM L, ¢ A sustainable and more environmentally friendly method for
fraction | fraction fraction fraction fraction | fractions were shown to Y bioactive and high added-value compounds isolation is proposed.

] . - ) i have antiproliferative N o . . . . . .
activity against different ¢ Sequential polarity gradient fractionation showed potential to
tumor cell lines, being . . . . . . 4 isolate bioactive compounds, mainly in the DCM fraction and, to
h|gher fOI' the DCM fraCt|On Solubility parameter, 3., \ a Iesser eXtent’ In t0|uene /
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