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Since late 1980s

>410 Papers in indexed Journals

44 Books/book chapters

> 440 Congress communications

> 180 Thesis/Master Thesis

58 Contracts (private and public organizations)
100 Research Projects

16 Patents

Laboratory and pilot scale facilities to produce microalgal biomass indoor or

Technologies for biomass harvesting, dewatering and downstream processing
Equipment for extraction, fractionation and quantification of biomolecules from
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I.  Industrial exploitation of microalgae for fine chemicals and food/feed ingredients (PUFAs,
antioxidants, and other biomass fractions) (FI).

ii. Use of different effluents for growing microalgae.

iii. Photobioreactor (PBR) engineering and scale up (including anti-biofouling materials).

iv. Computational Fluid Dynamics (CFD) for PBR improvement.

v. Downstream and biorefinery-based production strategy.

vi. Life-Cycle Assessment (LCA) and techno-economic analysis (TCA) of microalgal processes.

vii. Production of high value lipids for food ingredients / bioactives (Long chain PUFA concentrates
from marine oils; Polar lipid concentrates from microalgae oils, Tailored lipids by enzyme
technology from vegetable / marine oils)

viii. Bio-based screening programs for biodiscovery.

ix. Bioprocess development for marine dinoflagellates and non-conventional microalgae for
reference standards and medical research.
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Limitation and inhibition Growth Model
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Sun Light

Molina Miras et al. (2018). Algal Research 31, 87-98
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Light distribution inside f productivities throughout the year

PBRs
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Acién-Fernandez et al. (1999). Bio&Bio 68, 173-183
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Shear Sensitivity MISHORLGAE Atlantic Area i
Influence of PBR design and operational conditions Alleviation by the use of protectants
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Shear Sensitivity

Protocols to characterize shear sensitivity
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Photobioreactor design
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P. reticulatum Very shear-sensitive microalgae
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Antifouling surfaces

The aim of this project is to develop a new transparent and non-toxic surface to avoid microalgae cell adhesion to build an
efficient closed-PBR
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Operational mode
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Scalable harvesting methods
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Osmotic dehydrator

Patent: P201400232
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Extraction method 1 Extraction method 2 Hydrolysis optimization
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Jiménez et al. (2020) J Appl. Phycol. 32, 1117-28; Macias et al. (2022). Biomass Conv. Bioref. (2022)
doi.org/10.1007/s13399-022-02520-2
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Phycobiliproteins using glycerol

Comparison of glycerol-acetate Comparison glycerol + successive acetate buffer from fresh or frozen biomass
buffer from fresh biomass
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Microalgae

Fish final wt.
SGR
FCR
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Microalgae biomass Microalgae extracts

v’ Positive effect on
health state of the
gut mucose
favouring the

Protein
Lipids
_PUFAs

absorption of the
nutrients.

Alcaline Protease
Tripsine -
Quimotripsine
Amilase

[

Experimental diets

Control diet (CT)

Microalgal diets

PUFAs diets

[ PUFAs+Carot diets

_A. phosphatase

Villi Long

FISH DIETS

Enterocyte
apical area

Iotal absortive are

|-§| Intestinal mucose IDIQGStIVG enzynnl SITION Growth

L-aminopeptidase -

Microvill longi .-...- .-
Microvilli diam ---. . -

v" Improvement of
fish meat quality
(EPA).

Vizcaino et al. (2014). Aquaculture. 431,
34-43; Vizcaino et al. (2016). J. Appl.
Phycol. 28(5), 2843-2855; Vizcaino et al.
(2018). Fish Physiol. Biochem. 44(2),
661-667; Sales et al. (2021). Algal Res.
53, 102162
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Scalable purification processes of bioactives and high value compounds
K. veneficum ——

Sea water —_J, ________
Nutrients — T —w

Broth
Light —1—4 Phatobioreactor |—>| Centrifugation }—b Biomass

Cco2 _,_l T |
Karlodinium —L
_________ i i %

_ _P hotobioreactor Harvesting Csnmfugue Biomass paste  Freeze-dryer

_______

+— Ultrasounds

| Bupenmelant Extraction
Reuse as —1— Methanol
Microfiltration ‘ [ Microfiltration ‘_; culture
medium Centrifugation Exhausted

1 pellet

: ek Dry
. . Alkaline Milled biomass
S. almeriensis treatment  hiomass -

il

1
1
1
|
1
I
]
\ 1
! Supernatant H.O : ”lllm I
| | MeOH extract (5%)+H,0 (95)% #— H: !
: 1 OFICIN ESPAROLA D (D Namero de publicacien: 2 319 950
1 ' PATENTES Y MARCAS D Nomero de solictud: 200703145
] : (DI
I ESPARA CO7C 403/24 2006.01)
I : C09B 61/00 2005.01) _I
I \ C09B 67/54 2o0s.01)
] BO1D 11/02 2ws01)
I ! BO1D 11/04 (2006.01)
'|  Fraction A Fraction B Fraction C Fraction D i
X (H20) (MeQH/H20=50:50) ||(MeOH/H20=80:20)|| (MeOH 100%) : @ SOLICITUD DE PATENTE A [HARE H,0+KOH Aluming
1
! | | '
I _ : (@) Fecha de presentacisn: 13.11.2007 @ gvlbc ';ehslm:: niversidad de Almeria
; KTX&‘:(-rlch :xt)rac‘ts 1—‘ Evaporation ‘ 1 4120 Ls Canada do San Urbano, Amer,ES Lutein
Cand D 1
: 1 @ Fecha de publicacién de la solicitud: 14.05.2009 @ Ientores:Ferndndez Sevila, José Mari; %l addition concentrate
I ! Molina c.mm, En'ml:;c o0 Gabriel
\ . ] Ceron Garcia, Maria del Carmen
: K arl OtO X I n S Solvent recovery : @f:cg;ozowmnue\ folleto de la solicitud @D Agente: No consta
. .05
]
|
bimim e it i -I (2) Supernatant and biomass extraction I ______________ (& Titulo: Extraccion de carotenoides mediante el usa de mezclas ternarias.
Resumen:
Extraccién de carotencides mediante el uso de mezclas
ternarias.
Se ha desarrollado una mezcla extractante para la sepa-
racién de carotencides, aplicable a uier materia pri-

Lopez-Rosales et al. (2018). Biores. Techn. 253, 94-104 Fernandez Sevilla et al. (2010). Appl. Microbiol. Biot. 86, 27-40
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A. carterae Purification of the main bioproducts
Alumina KOH EtOH/H,0 s ~-+Hexane HCl  ~-»Hexane
& 1 i Hzﬂ ! § l
l Direct h - t i '
Grinding | Saponification | Centnfugaltmn % Extraction L-L ——= Purification = Hexane phase
T N J i VUEOHHO_ |, T [ ;
] ¥ :
Extraction 5-L i - phase EtOH-H,0 phase
Dr : ’ Decantation ; 2
hinmvass Lyophilization [+ = Residual pellet x‘-—-;./"l §
l : ! ---1--—-Hexane+--1 Evaporation

L2 Hexane phase
EtOH/H,0— Washing 13 'Evaporation
~-Hexane «-|Evaporation a4 Carotenoids %

Bioactives

Lopez-Rodriguez et al. (2019). Biores. Techn. 282, 370-377 Lopez-Rodriguez et al. (2021). Biores. Techn. 342, 125922
Lépez-Rodriguez et al. (2022). Toxins, 14(9), 593
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A carterae Purification of the main bioproducts
Extraction step Carotenoids recovery - APDs recovery
Dry biomass
_, EtOH/H,0
+ < Evaporation| Ace:H,0 hase ] MeOH/H;0
et Direct | e v P +r 4
. Saponification| 1 siration =4, |—>(‘)—-R25idue—h|ﬂesidue soaps| Fractionation by
Trlcompnnent_h + Hex 3 4 HCl Hex 5 adsorption
solution Extraction S-L v v 4
<o + m— MeOH/H,0 (0-100) — 7.1
| Lyophilization je-—— oellet Hex phase bl il MeOH/H,0 (20-80) |— 7.2
l EtOH/H,0 lﬁ MeOH/H,0 (40-60) |—» 7.3
J[Washing— Hex EhESE MeOH/H,0 (60-40) |—» 7.4
L v MeOH/H,0 (80-20
| Evaporation | | Evaporation| o0 @020 |75 - (IR
MeOH/H,0 (100-0) |—» 5 ¢
8 '
m EtOH/H,0
Lpez-Rodriguez et al. (2019). Biores. Techn. 282, 370-377 Lopez-Rodriguez et al. (2021). Biores. Techn. 342, 125922

Lopez-Rodriguez et al. (2022). Toxins, 14(9), 593
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A. carterae

ENHANCE

MICROALGAE

Purification of the main bioproducts

Isolation of specialty compounds from Amphidinium carterae

# ETRL /5 min
1. Extraction step | 1.1. Cell disruption method “— Ut — | 1.2. Sonication time | ~— 10 min
MP 15 min
20 min

‘ 1.3. Biomass-extractant ratio ‘—- mg biomass/mg extractant

‘ 2.1. Retention capacity: breakthrough curve |——— mg extract/mg adsorbent

2.2. Elution step procedure |— Elution volume

3. Fractionation and Purification step

3.1. Direct fractionation by ‘

3.2. Liquid-Liquid extraction (LLE)

SPE approach

| 3.2.1 Coupled with SPE approach (Option A)

Fatty acids g
Carotenoids
APDs Fatty amds

Lépez-Rodriguez et al. (2019). Biores. Techn. 282, 370-377

3.2.2 Coupled with solvent partition
(Option B)

BuOH

HZO

I

Fa acids

AN HILEITCYy
Atlantic Area

European Reglonal Development Fund  EUROPEAN UNION

APDs rich extract were
purified at a 70%
concentration (w/w)

|

Solvent partition in an
only process obtained
the best results for the
three families of
compounds,
carotenoids, fatty acids
and APDs.

Lopez-Rodriguez et al. (2021). Biores. Techn. 342, 125922

Lopez-Rodriguez et al. (2022). Toxins, 14(9), 593
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Vortex Flow Reactor: expanded bed chromatography

Adsorption step

50 mM acetate, pH 5.5
broken cells and other proteins
50 rpm |,

Elution ste

Purification of
B-Phycoerythrin

Expanded bed
vortex flow reactor

= Second, 1 M acetate, pH 5.5

Water O e
Five E unit operation in
Microalgae { PHS5.5  cycles = = P
culture broth } | .~ | R 2 the downstream
ﬁ <o @*@ e 3 process eliminates
-25eC 4 = = First, 250 mM acetate, pH 5.5 .
W Z the previous
o=

filtration step
Concentrated extract of disrupted
cells (broken cells and proteins)
50 mM acetate, pH 5.5

*

.

L@
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Identification of different bioactives
A. carterae ”""'"_‘_‘_‘_‘;;'_‘_‘_‘_‘_‘;;‘,j (1) Photobioreactor culture (80 L) | - B !

i | Ultrasounds
! Extraction of other @ I—' Microalgal mud 'lr_M thanol
! ':> metabolites _l W il
.\ . | N . - - et cell
Sea water _r;————l —————————— ﬂ (1) Biomass production I —————————————————————————— | i . | Centn:gatlon | | Centrifugation pellet :
Nutrients ¥ Broth +— Ultrasounds | i | supernatant extractionand | 78 L 1L
| P PERNATANT " i -402C
Light —'—r| Photobioreactor }—.‘ Centrlfugat'lon Biomass _.4— Methanol i 1 [ AMs purification (Ref. [6]) v Reddish supernatant Storage (-402C)
o2 1 _—% f | sovent -7 e S —
* 402
Amphidinium — Siu_p_em_.‘:lfa_nf__ __S_tlil‘fge_l:_ — ‘_:]_ . _J recovery romTmmees i (3) AMs purification I --------------
| [chromatogmohy | | ’—‘ —— oo | e | N e——
romatograp Microfiltration Microfiltration |— cylture : romatography
Methanol _,_. I ! Methanol
| (sephadex LH20) N I medium | "" (Sephadex LH20)
! I I !
i 1 | 1| Solid phase extraction [~ Supernatant : ; 1 { -
: *Fractions B-D ! 1] (reverse phase C18) le—— Methanol ! | F'{';';;O;gsll Fractions 52-56
! I | i
I i
ho 4wt ] l i o [y
2 N .
Methanol _:_.| Chromatography (RP-18) ‘ : : APD:;;’;"'“' ! Methanol EEJ MPLC (RP-18) |
1
! : : : CH,CN i . * ‘
: h : E Fractions S1A, [Fraction SIF (4.8 mg) HPLC.C18 Luteophanol D i
| Fractjon B ! Solvent recovery | | S1C-E, S1G-I (4.6 mg) |
HO —i N ! | ——{Fraction 51B (104.2 mg)| !
2 | : :
Methaniol —r-\ RP-HPLC [+—— Fraction ¢ | A o ! i Fraction S1B-D (1.3 mg)| ———————{ HpLcC18 | AM25 (1.2 mg) |
—L» I 2)S tant Extractio H,0 |4 |
! ‘ . : [ | 1| (2) Supematan raction I— Metharzlol MPLC (RP-18) Fraction S1B-F(41.4 mg”
Amprglllnol |20' i Seppraen —— ! ; Fraction S1B-F1 (3.1 mg)j—*| HPLC-C18 AM26 (1.8 mg)
Lingshuiol A| 1 : | *Fractions S1B- -
! X Fract S1B-F7 (7.1 —* HPLC-C1 AM24 (6.8
Luteophanol D| 1 | Solvent recovery || (3) APDs purification I ! A_C SIBE [MpLC (RP-18) [Fra fm (7.1 mg)] 8 | (6.8 mg)
e L, evaporation _J) ! S1B-G Fraction S1B-F8 (13.5 mg)|—{ HpLC-C18 | ) AM20B (1.3 mg)
='|l I

Molina-Miras et al. (2018). Algal Res. 31, 87-98 Morales-Amador et al. (2021). Mar. Drugs 19, 432
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