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This is the abstract template for the 12 International Conference on Supercritical Fluid

(Supergreen 2022). Please follow these instructions to prepare your abstract.
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Page format

Prepare one page abstract in A4-size. Top, bottom, right and left margins are set to
25.4 mm. ‘Times New Roman’ or similar fonts are used throughout the abstract.
Title

Title should be centered and presented in 14 pt, bold with a fixed line spacing of 20
pt. Leave one-line space after the title. The first letter of words in title should be
capitalized except for articles, short prepositions, and conjunctions.
Author name(s)

Author name(s) are centered and presented in 12 pt with a fixed line spacing of 20 pt.
The corresponding author should be labelled with ‘*’ and the presenting author should be
underlined.
Affiliation(s)

Affiliations are centered and presented in 10 pt with a fixed line spacing of 20 pt.
Leave one-line space after the affiliation.
Abstract

Abstract is presented in 12 pt with a fixed line spacing of 20 pt. The text should be
justified left and right. Figures and tables could be included in the abstract with the

sequential numbering. All figures and tables are accompanied with a caption.
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Bioactive Compounds from Cocoa Husk: Extraction, Analysis and
Applications in Food Production Chain
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Abstract :

Cocoa husk is considered a waste product after cocoa processing and creates
environmental issues. These waste products are rich in polyphenols, methylxanthine,
dietary fibers, and phytosterols, which can be extracted and utilized in various food
and health products. Cocoa beans represent only 32—-34% of fruit weight. Various
extraction methods were implemented for the preparation of extracts and/or the
recovery of bioactive compounds. Besides conventional extraction methods, various
studies have been conducted using advanced extraction methods, including
microwaveassisted extraction (MAE), ultrasonic-assisted extraction (UAE),
subcritical water extraction (SWE), supercritical fluid extraction (SFE), and
pressurized liquid extraction (PLE). To include cocoa husk waste products or extracts
in different food products, various functional foods such as bakery products, jam,
chocolate, beverage, and sausage were prepared. This review mainly focused on the
composition and functional characteristics of cocoa husk waste products and their
utilization in different food products. Moreover, recommendations were made for the
complete utilization of these waste products and their involvement in the circular

economy.

Keywords : cocoa husk; extraction and analytical methods; functional foods; bioactive

compounds; circular economy
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Bioinks Enriched with ECM Components Obtained by Supercritical Extraction
FBEBmRAEIERSNES ECM B MENEK
Daniel P. Reis!?, Beatriz Domingues'-?, Catia Fidalgo'?, Rui L. Reis!*?, Luca
Gasperini'? and Alexandra P. Marques'+
' 3B’s Research Group, I3Bs—Research Institute on Biomaterials, Biodegradables and
Biomimetics, University of Minho, Headquarters of the European Institute of Excellence on
Tissue Engineering and Regenerative Medicine, 4805-017 Guimaraes, Portugal
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Abstract :

Extracellular matrix (ECM)-based bioinks have been steadily gaining interest in the
field of bioprinting to develop biologically relevant and functional tissue constructs.
Herein, we propose the use of supercritical carbon dioxide (scCO2) technology to
extract the ECM components of cellsheets that have shown promising results in
creating accurate 3D microenvironments replicating the cell’s own ECM, to be used
in the preparation of bioinks. The ECM extraction protocol best fitted for cell sheets
was defined by considering efficient DNA removal with a minor effect on the ECM.
Cell sheets of human dermal fibroblasts (hDFbs) and adipose stem cells (hASCs)
were processed using a customised supercritical system by varying the pressure of the
reactor, presence, exposure time, and type of co-solvent. A quantification of the
amount of DNA, protein, and sulfated glycosaminoglycans (sGAGs) was carried out
to determine the efficiency of the extraction in relation to standard decellularization
methodologies. The bioinks containing the extracted ECM were fabricated by
combining them with alginate as a support polymer. The influence of the alginate (1%,
2% w/vol) and ECM (0.5% and 1.5% w/vol) amounts on the printability of the blends
was addressed by analysing the rheological behaviour of the suspensions. Finally, 3D
printed constructs were fabricated using an in-house built extrusion-based bioprinter,
and the impact of the extrusion process on cell viability was assessed. The optimised
scCO; protocol allowed efficient removal of DNA while preserving a higher number
of proteins and sGAGs than the standard methodologies. The characterization of
extract’s composition also revealed that the ECM produced by hDFbs (fECM) and
hASCs (aECM) is distinctively affected by the extraction protocols. Furthermore,
rheological analysis indicated an increase in viscosity with increasing ECM
composition, an effect even more prominent in samples containing aECM. 3D

printing of alginate/ECM constructs demonstrated that cell viability was only



marginally affected by the extrusion process, and this effect was also dependent on the
ECM source. Overall, this work highlights the benefits of supercritical fluid-based
methods for ECM extraction and strengthens the relevance of ECM-derived bioinks in

the development of printed tissue-like constructs.

Keywords : extracellular matrix; supercritical CO; ; cell sheets; bioinks; 3D

bioprinting
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Effects of Dietary Supplementation with Honeybee Pollen and Its Supercritical
Fluid Extract on Immune Response and Fillet's Quality of Farmed Gilthead
Seabream ( Sparus aurata )
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Abstract :

The awareness of the correlation between administered diet, fish health and products’
quality has led to the increase in the research for innovative and functional feed
ingredients. Herein, a plant-derived product rich in bioactive compounds, such as
honeybee pollen (HBP), was included as raw (HBP) and as Supercritical Fluid
Extracted (SFE) pollen (HBP_SFE) in the diet for gilthead seabream (Sparus aurata).
The experiment was carried out on 90 fish with an average body weight of 294.7 +
12.8 g, divided into five groups, according to the administration of five diets for 30
days: control diet (CTR); two diets containing HBP at 5% (P5) and at 10% (P10) level
of inclusion; two diets containing HBP_SFE, at 0.5% (E0.5) and at 1% (E1) level of
inclusion. Their effects were evaluated on 60 specimens (336.2 &+ 11.4 g average final
body weight) considering the fish growth, the expression of some hepatic genes
involved in the inflammatory response (il-1p, il-6 and il-8) through quantitative
real-time PCR, and physico-chemical characterization (namely color, texture, water
holding capacity, fatty acid profile and lipid peroxidation) of the fish fillets monitored
at the beginning (day 0) and after 110 days of storage at —20 °C. The results obtained
showed that the treatment with diet E1 determined the up-regulation of il-1, il-6, and

iI-8 (p < 0.05); however, this supplementation did not significantly contribute to




limiting the oxidative stress. Nevertheless, no detrimental effect on color and the other —
physical characteristics was observed. These results suggest that a low level of
HBP_SFE could be potentially utilized in aquaculture as an immunostimulant more

than an antioxidant, but further investigation is necessary.

Keywords : honeybee pollen; supercritical fluid extraction; bioactive compounds;

immune system; fatty acids
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Selective extraction of antimicrobial agents from Jodina rhombifolia by
supercritical fluid carbon dioxide: phytochemical profile
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3 Instituto de Investigaciones para la Industria Quimica (INIQUI-CONICET), Universidad
Nacional de Salta, Salta, Argentina
b Laboratorio de Fluidos Supercriticos, Facultad de Ingenieria, Universidad Nacional de Jujuy,
Jujuy, Argentina
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Abstract :

The goals of this study were to determine the phytochemical profile of Jodina
rhombifolia and to evaluate the ability of supercritical fluids (ScCFCO») to selectively
extract the metabolites responsible for the bioactivity. This species has simple
aromatic compounds and lignan monomers, as well as glycerides containing
epoxidized saturated fatty acids. Regarding the extraction by SCFCO», the extracts
showed a higher antimicrobial activity against human pathogenic strains, with respect
to the ethanolic extracts obtained from plant residues after extraction by ScFCOa.
Furthermore, the bioactive compounds were concentrated in just 1% P/P of the weight
of the dry plant material. Extraction by ScCFCO» was carried out under different
conditions of pressure and temperature, with the best results being obtained at 30 °C
and 30 MPa. The results obtained demonstrate the advantages of SCFCO» extractions
over classical solvent extractions, in terms of improved safety and the ability to

selectively extract the compounds of interest.

Keywords : Jodina rhombifolia, supercritical fluid extraction, antimicrobial activity,

Staphylococcus aureus
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Supercritical CO; Extraction of Triterpenoids from Chaga Sterile
Conk of Inonotus obliquus
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Nghia Huynh, Gabriele Beltrame, Marko Tarvainen, Jukka-Pekka Suomela and Baoru Yang
Food Chemistry and Food Development, Department of Biochemistry, University of Turku,
Itdinen Pitkdkatu 4, 20520 Turku, Finland

Abstract :

Triterpenoids are among the bioactive components of Chaga, the sterile conk of the
medicinal fungus Inonotus obliquus. Supercritical fluid extraction of Chaga
triterpenoids was carried out with supercritical COz , while a modified Folch method
was used as a comparison. Three temperaturepressure combinations were tested
varying between 314-324 K (40-50 ~C) and 281-350 bars, using time- and
volume-limited extractions. Six triterpenoids were identified with GC-MS and
quantified with GC-FID: ergosterol, lanosterol, B-sitosterol, stigmastanol, betulin, and
inotodiol. The Folch extraction resulted in recovery of trametenolic acid, which was
not extracted by supercritical CO: . Inotodiol was the major triterpenoid of all the
extracts, with a yield of 87-101 mg/100 g and 139 mg/100 g, for SFEs and the Folch
method, respectively. The contents of other major triterpenoids, lanosterol and
ergosterol, varied in the ranges 59-63 mg/100 g and 17-18 mg/100 g by SFE,
respectively. With the Folch method, the yields were 81 mg/100 g and 40 mg/100 g,
respectively. The highest recovery of triterpenoids with SFE in relation to Folch was
56% and it was obtained at 324 K (50 °C) and 350 bar, regardless of extraction time
or volume of CO» . The recoveries of lanosterol and stigmastanol were unaffected by
SFE conditions. Despite the lower yield, SFE showed several advantages including
shorter extraction time and less impact on the environment. This work could be a
starting point for further studies on green extraction methods of bioactive

triterpenoids from Chaga.

Keywords : Inonotus obliquus; SFE; supercritical fluids; triterpenoids; inotodiol
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Supercritical fluids and fluid mixtures to obtain high-value
compounds from Capsicum peppers
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Abstract :

Peppers of the Capsicum genus have a rich nutritional composition and are widely
consumed worldwide. Thus, they find numerous applications in the food,
pharmaceutical and cosmetic industries. One commercial application is oleoresin
production, a nonpolar fraction rich in bioactive compounds, including capsaicinoids
and carotenoids. Among the technologies for pepper processing, special attention is
given to supercritical fluid technologies, such as supercritical fluid extraction (SFE)
with pure solvents and CO> plus modifiers, and SFE assisted by ultrasound.
Supercritical fluid-based processes present advantages over the classical extraction
techniques like using less solvents, short extraction times, specificity and scalability.
In this review, we present a brief overview of the nutritional aspects of peppers,
followed by studies that apply supercritical fluid technologies to produce extracts and
concentrate bioactives, besides oleoresin encapsulation. Furthermore, we present
related phase equilibrium, cost estimation, and the gaps and needs for the full use of

peppers from a sustainable perspective.

Keywords : Hot peppers, Supercritical fluid extraction, Pressurized liquid extraction,

Capsaicinoids, Carotenoids
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Unsymmetrical dimethylhydrazine and related compounds in the environment:
Recent updates on pretreatment, analysis, and removal techniques
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Abstract :

Unsymmetrical dimethylhydrazine (1,1-Dimethylhydrazine, UDMH) has been widely
used as aerospace fuel in many countries. The launch of space vehicles can cause the
release and leakage of UDMH into the environment, posing serious threats to ecology
system and human population. Even worse, the health risks are also pertinent to its
numerous classes of transformation products including N-Nitrosodimethylamine
(NDMA), because most of them display carcinogenic and mutagenic properties.
Recently, there has been an intense ongoing development of simple, fast, green, and
effective techniques for determining and removing these hazardous substances. This
review summarizes the latest research progress regarding the sources,

fates, pretreatment, analysis, and removal techniques of UDMH and related products
in the environment. Sample preparation methods mainly include pressurized liquid
extraction, liquid-phase microextraction techniques, solid-phase extraction,
headspace-solid-phase microextraction, and supercritical fluid extraction. Detection
and identification methods mainly include high-performance liquid

chromatography coupled with tandem mass spectrometry (HPLC-MS/MS), gas
chromatography coupled with tandem mass spectrometry (GC-MS/MS), and sensors.
Removal methods mainly include advanced oxidation processes, adsorption,
biodegradation techniques. The advantages/disadvantages, applications, and trends of
the proposed approaches are thoroughly discussed to provide a valuable reference for
further studies.

Keywords : UDMH, Transformation products, Sample preparation, Determination,

Treatment, Environment
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Supercritical Carbon Dioxide Decellularized Xenograft-3D CAD/CAM Carved
Bone Matrix Personalized for Human Bone Defect Repair
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Abstract :

About 30-50% of oral cancer patients require mandibulectomy and autologous fibula
reconstruction. Autograft is the gold standard choice because of its histocompatibility;
however, it requires additional surgery from the patient and with possible
complications such as loss of fibula leading to calf weakening in the future. Allograft
and xenograft are alternatives but are susceptible to immune response. Currently, no
personalized bone xenografts are available in the market for large fascial bone defects.
In addition, a large-sized complex shape bone graft cannot be produced directly from
the raw material. We propose the use of porcine bones with 3D CAD/CAM carving to
reconstruct a personalized, wide range and complex-shaped bone. We anticipate that
patients can restore their native facial appearance after reconstruction surgery.
Supercritical CO2 (SCCO» ) technology was employed to remove the cells, fat and
non-collagenous materials while maintaining a native collagen scaffold as a
biomedical device for bone defects. We successfully developed 3D CAD/CAM carved
bone matrices, followed by SCCO> decellularization of those large-sized bones. A
lock-and-key puzzle design was employed to fulfil a wide range of large and
complex-shaped maxillofacial defects. To conclude, the 3D CAD/CAM carved bone
matrices with lock and key puzzle Lego design were completely decellularized by
SCCO; extraction technology with intact natural collagen scaffold. In addition, the
processed bone matrices were tested to show excellent cytocompatibility and
mechanical stiffness. Thus, we can overcome the limitation of large size and complex

shapes of xenograft availability. In addition, the 3D CAD/CAM carving process can




provide personalized tailor-designed decellularized bone grafts for the native
appearance for maxillofacial reconstruction surgery for oral cancer patients and

trauma patients.

Keywords : maxillofacial reconstruction; supercritical CO; ; collagen bone matrix; 3D

carved bone; cytocompatibility
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