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or with acidic hydrolysis (B) using XAD4, XAD16, XAD7, XAD1180, and HP20 resins. .............. donne des coproduits solides, appelés "tourteaux", qui sont utilisés pour l'alimentation animale en raison de leur composition riche en protéines (jusqu'à 30 -50 %) [START_REF] Geneau-Sbartaï | Sunflower Cake as a Natural Composite: Composition and Plastic Properties[END_REF][START_REF] Pickardt | Processing of low polyphenol protein isolates from residues of sunflower seed oil production[END_REF]. Actuellement, ces tourteaux de tournesol (SFM) et de colza (RSM) sont considérées comme des sources prometteuses de protéines [START_REF] González | Effects of Flavonoids and other Polyphenols on Inflammation[END_REF][START_REF] Hudson | New and Developing Sources of Food Proteins[END_REF] pour des applications en alimentation humaine sous forme d'isolats (pureté en protéine > 90%). La production d'isolats protéiques répond à une demande grandissante en protéines végétales de la part des pays industrialisée ainsi qu'à un enjeu majeur d'établi de nouvelles filières protéiques pour soutenir la croissance demographique mondiale.

La production d'isolats à partir de tourteaux d'oleoproteagineux peut être effectuée en deux étapes principales: une extraction aqueuse (modulée par T, pH et NaCl) et une purification des protéines par filtration tangentielle ou précipitation isoélectrique [START_REF] Bongartz | Evidence for the Formation of Benzacridine Derivatives in Alkaline-Treated Sunflower Meal and Model Solutions[END_REF][START_REF] Wildermuth | Chlorogenic Acid Oxidation and Its Reaction with Sunflower Proteins to Form Green-Colored Complexes: Chlorogenic acid oxidation…[END_REF].

Ces procédés libèrent de grands volumes d'effluents liquides non valorisés à ce jour. Ils contiennent principalement des molécules hydrosolubles coextraites des protéines lors de l'étape d'extraction (Albe [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF][START_REF] Defaix | A new sizeexclusion chromatography method for fast rapeseed albumin and globulin quantification[END_REF]. C'est à dire l'azote non protéique, des glucides hydrosolubles, des composés phénoliques, des minéraux et des sels. La valorisation de ces effluents constitue un enjeu crucial pour le développement de cette filière dans une optique d'économie circulaire. La capture des composés phénoliques de ces effluents liquides est une voie de valorisation interessante de ces effluents en raison de leur potentiel applicatif important dans des secteurs à haute valeur ajoutée (biomédical et / ou sécurité alimentaire).

Les produits agroalimentaires riches en lipides avec des acides gras polyinsaturés à longue chaîne sont facilement oxydés pendant la durée de stockage. Ce phénomène constitue le problème majeur de ces produits dans les domaines alimentaire, cosmétique et pharmaceutique. Lorsque les substances lipidiques sont dégradées en lipides, peroxyde d'hydrogène peut provoquer une perte de nutriments, toxique pour la santé humaine [START_REF] Yagi | Lipid peroxides and human diseases[END_REF]. Les substances antioxydantes synthétiques sont généralement utilisées dans l'industrie alimentaire pour empêcher l'oxydation des produits riches en lipides, comme l'hydroxyanisole butylé (BHA), l'hydroxytoluène butylé (BHT) et la combinaison BHA/BHT pour surmonter ces problèmes. Néanmoins, l'utilisation de ces antioxydants synthétiques au cours de la vie peut entraîner une toxicité pour la santé humaine [START_REF] Branen | Toxicology and biochemistry of butylated hydroxyanisole and butylated hydroxytoluene[END_REF][START_REF] Lindenschmidt | The effects of dietary butylated hydroxytoluene on liver and colon tumor development in mice[END_REF]. Il est donc important de remplacer ces antioxydants synthétiques par des antioxydants naturels dérivés de sources végétales [START_REF] Halliwell | Commentary Oxidative Stress, Nutrition and Health. Experimental Strategies for Optimization of Nutritional Antioxidant Intake in Humans[END_REF].

L'inflammation est la défense immunologique contre les blessures ou les infections causées par diverses bactéries et virus. Cependant, une inflammation incontrôlée peut entraîner des maladies aiguës et chroniques telles que le cancer. La recherche de molécules permettant de moduler ces troubles inflammatoires a toujours suscité une grande attention de la part de la communauté scientifique. Les anti-inflammatoires stéroïdiens (SAID) et les anti-inflammatoires non stéroïdiens (NSAID) existent et sont bien documentés pour traiter les réponses inflammatoires par l'inhibition des isoenzymes de la cyclooxygénase (COX) [START_REF] Flower | Inhibition of Prostaglandin Synthetase in Brain explains the Anti-pyretic Activity of Paracetamol (4-Acetamidophenol)[END_REF]. Bien que les SAIDs et les NSAIDs aient montré de nombreux effets bénéfiques dans le traitement de l'inflammation, ils ont tous deux des effets secondaires inévitables, tels que des effets secondaires gastro-intestinaux, rénaux et cardiovasculaires [START_REF] Bjarnason | Side effects of nonsteroidal anti-inflammatory drugs on the small and large intestine in humans[END_REF][START_REF] Harirforoosh | Renal adverse effects of nonsteroidal anti-inflammatory drugs[END_REF]. De nos jours, les médicaments synthétiques en traitement long ne sont pas encouragés par l'OMS (organisation mondiale de la santé) à cause des effets secondaires.

Par conséquent, la recherche de molécules alternatives non-toxique est un enjeu important.

Les composés phénoliques des tourteaux de tournesol et de colza ont montré des activités antioxydantes intéressantes [START_REF] Salgado | Exploration of the antioxidant and antimicrobial capacity of two sunflower protein concentrate films with naturally present phenolic compounds[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF][START_REF] Žilić | The content of antioxidants in sunflower seed and kernel[END_REF]Žilić et al., , Amarowicz et al., 2000;;[START_REF] Matthäus | Antioxidant Activity of Extracts Obtained from Residues of Different Oilseeds[END_REF][START_REF] Vuorela | Impact of isolation method on the antioxidant activity of rapeseed meal phenolics[END_REF]; J. P. D. [START_REF] Wanasundara | Canola/rapeseed protein-functionality and nutrition[END_REF]. Ainsi, des extraits éthanoliques de SFM riches en composés phénoliques présentent une activité antiradicalaire (Wanjari & Waghmare, 1994;[START_REF] Amarowicz | Antioxidant Activity of Various Fractions of Non-Tannin Phenolics of Canola Hulls[END_REF][START_REF] Matthäus | Antioxidant Activity of Extracts Obtained from Residues of Different Oilseeds[END_REF][START_REF] Vuorela | Impact of isolation method on the antioxidant activity of rapeseed meal phenolics[END_REF]; J. P. D. [START_REF] Wanasundara | Canola/rapeseed protein-functionality and nutrition[END_REF] superieures à l'hydroxytoluène butylé (BHT) utilisé industriellement. De manière interessante, la capacité antioxydante des polyphénols de RSM augmente notablement après hydrolyse (catalysée en conditions acides ou basiques) [START_REF] Thiyam | Antioxidant activity of rapeseed phenolics and their interactions with tocopherols during lipid oxidation[END_REF].

En outre, plusieurs articles rapportent que l'acide chlorogenique (CGA) qui est le composé phénolique principal du tournesol, présente une activité anti-inflammatoire. Ainsi, le CGA a montré une inhibition de la voie NF-κB et de l'expression des cytokines [START_REF] Francisco | Anti-inflammatory activity of Cymbopogon citratus leaves infusion via proteasome and nuclear factor-κB pathway inhibition: Contribution of chlorogenic acid[END_REF][START_REF] Shin | Antiinflammatory effect of chlorogenic acid on the IL-8 production in Caco-2 cells and the dextran sulphate sodium-induced colitis symptoms in C57BL/6 mice[END_REF]Z. Zhao et al., 2008). Le CGA a également atténué les cytokines pro-inflammatoires, notamment l'IL-1β et le TNF-α, de manière dose-dépendante sur les macrophages murins RAW 264.7 [START_REF] Shan | Chlorogenic acid inhibits lipopolysaccharide-induced cyclooxygenase-2 expression in RAW264.7 cells through suppressing NF-κB and JNK/AP-1 activation[END_REF]. De manière intéressante, Khadija Essafi-Benkhadir et al. [START_REF] Essafi-Benkhadir | Quince (Cydonia oblonga Miller) peel polyphenols modulate LPS-induced inflammation in human THP-1-derived macrophages through NF-κB, p38MAPK and Akt inhibition[END_REF] ont montré qu'un extrait de polyphénols d'écorce de coing contenant également du CGA pouvait inhiber la sécrétion du facteur de nécrose tumorale-alpha (TNF-α), un marqueur pro-inflammatoire, dans les macrophages THP-1. Cependant, à notre connaissance, il n'existe aucune référence concernant l'impact des extraits phénoliques de tournesol sur l'inflammation. L'activité antiinflammatoire des polyphénols de colza a été peu étudiée à ce jour et les résultats paraissent contradictoires [START_REF] Vuorela | Preclinical Evaluation of Rapeseed, Raspberry, and Pine Bark Phenolics for Health Related Effects[END_REF][START_REF] Huang | Sinapic Acid Inhibits the IL-1β-Induced Inflammation via MAPK Downregulation in Rat Chondrocytes[END_REF][START_REF] Yun | Anti-Inflammatory Effects of Sinapic Acid through the Suppression of Inducible Nitric Oxide Synthase, Cyclooxygase-2, and Proinflammatory Cytokines Expressions via Nuclear Factor-κB Inactivation[END_REF].

La purification des composés phénoliques à partir d'extraits végétaux est largement abordée dans la litterature. Concernant les polyphénols de RSM et SFM, la plupart des articles traitent de purification à partir d'extrait utilisant des solvants organiques miscibles dans l'eau comme l'éthanol, l'acétone, le méthanol, ou des mélanges eau/éthanol [START_REF] Canella | Extraction of gossypol and oligosaccharides from oilseed meals[END_REF][START_REF] Sripad | Effect of methods to remove polyphenols from sunflower meal on the physicochemical properties of the proteins[END_REF]. En effet, ce type d'extraction permet d'éliminer selectivement les composés polyphénoliques considérés comme antinutritionnels dans les tourteaux pour les applications en alimentation animale [START_REF] Weisz | Identification and quantification of phenolic compounds from sunflower (Helianthus annuus L.) kernels and shells by HPLC-DAD/ESI-MSn[END_REF]) [START_REF] Naczk | Facile spectrophotometric quantification method of sinapic acid in hexane-extracted and methanol-ammonia-water-treated mustard and rapeseed meals[END_REF]. Cependant, il existe peu de données sur l'identification et la capture des composés phénoliques de SFM et de RSM issus d'extraction aqueuse modulée par les sels et le pH (comme utilisée pour la production d'isolats de protéines).

Les composés phénoliques peuvent être purifiés par chromatographie [START_REF] Ky | Comparison of Five Purification Methods for Chlorogenic Acids in Green Coffee Beans (Coffea sp.)[END_REF], par des procédés membranaires [START_REF] Conidi | Separation and purification of phenolic compounds from pomegranate juice by ultrafiltration and nanofiltration membranes[END_REF][START_REF] Zagklis | Purification of olive mill wastewater phenols through membrane filtration and resin adsorption/desorption[END_REF], ou par adsorption sur des résines macroporeuses [START_REF] Jia | Enrichment and purification of madecassoside and asiaticoside from Centella asiatica extracts with macroporous resins[END_REF]. Ce dernier procédé s'est révélé particulièrement efficace pour la capture des composés phénoliques à partir de divers extraits de plantes [START_REF] Jia | Enrichment and purification of madecassoside and asiaticoside from Centella asiatica extracts with macroporous resins[END_REF][START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF]; Q.-S. [START_REF] Liu | Adsorption isotherm, kinetic and mechanism studies of some substituted phenols on activated carbon fibers[END_REF]. Les procédés de purification des composés phénoliques peuvent être facilement extrapolés, et certaines résines sont de qualité alimentaire [START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. Ainsi, ces procédés peuvent être facilement utilisés pour la purification industrielle des substances naturelles pour des applications en nutrition / santé.

La plupart des études menées sur la capture de composés phénoliques à partir d'extraits végétaux sont réalisés en batch. Elles caractérisent les cinétiques et isothermes d'adsorption ainsi que la composition des solvents la plus appropriée pour la désorption (C.-C. [START_REF] Liu | Chlorogenic acid prevents inflammatory responses in IL-1β-stimulated human SW-1353 chondrocytes, a model for osteoarthritis[END_REF]. Ces études montrent que les résines macroporeuses les plus adaptées sont les résines faiblement à moyennement apolaires (SDVB et/ou acryliques, Moreno- González et al., 2020;[START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. Les meilleurs solvents de desorption sont des mélanges ethanol / eau entre 30% et 70% v/v (Dong et al., 2015;[START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. Cependant, le transport des molécules pendant les processus d'adsorption est rarement étudié, sauf dans une étude de capture des composés phénoliques de jus foliaires de luzerne [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF]. De plus, la caractérisation des fractions désorbées en termes de composition, et / ou bioactivité est rarement considérée.

D'autre part, la mise en oeuvre industrielle la plus classique des procédés d'adsorption sur résine est la colonne d'adsorption (mise en oeuvre « dynamique »). Cette mise en oeuvre est réalisée en plusieurs étapes : l'adsorption, le rinçage et la desorption. L'optimisation de ces systèmes est particulièrement complexe car chaque phase associe un jeu de conditions opératoires propres (débit, composition des phases mobiles, pH et force ionique de la charge d'alimentation, dimension des colonnes etc.) et de critères de performances (capacité d'adsorption dynamique, productivité, pureté et rendement) [START_REF] Scordino | Adsorption of Flavonoids on Resins: Hesperidin[END_REF][START_REF] Silva | Optimisation of the adsorption of polyphenols from Inga edulis leaves on macroporous resins using an experimental design methodology[END_REF]. La plupart des études proposant une optimisation des colonnes d'adosorption proposent utilisent des méthodes d'optimisation type « un seul facteur à la fois » ou des plans d'expériences. Elles visent, dans la majorité des cas, à ne maximiser qu'un seul critère (le plus souvent la capacité de d'adsorption dynamique et / ou le rendement de récupération (C.-C. [START_REF] Liu | Chlorogenic acid prevents inflammatory responses in IL-1β-stimulated human SW-1353 chondrocytes, a model for osteoarthritis[END_REF]Moreno-González et al., 2020;[START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. A notre connaissance, aucun article ne montre de méthodologie permettant une optimisation des procédés d'adsorption de composés phénolique integrant les trois critères de performances les plus importants (productivité, pureté des fractions et rendement). Les principaux objectifs de ce travail étaient les suivants :

Objectifs de la thèse

1) caractériser et identifier les composés phénoliques des effluents liquides issus de la production d'isolats de protéines à partir de la SFM et de la RSM ; 2) choisir les meilleures résines macroporeuses et étudier le mécanisme d'adsorption des composés phénoliques; 3) optimiser les conditions dans la colonne d'adsorption des composés phénoliques; et 4) évaluer les activités biologiques des fractions phénoliques obtenues, notamment les propriétés antioxydantes et antiinflammatoires. Les effluents utilisés dans le cadre de la thèse sont issus de travaux collaboratifs entre le groupe AVRIL (qui est le prinicpal acteur industriel français de la filière) et le LRGP qui ont ont été brevetés et fait l'objet de publications scientifques recemment (Albe [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF][START_REF] Defaix | A new sizeexclusion chromatography method for fast rapeseed albumin and globulin quantification[END_REF][START_REF] Slabi | Multiobjective optimization of solid/liquid extraction of total sunflower proteins from cold press meal[END_REF]Sara Slabi et al., 2021).

Afin d'atteindre ces objectifs, l'étude a été divisée en deux parties principales, comme le montre la Figure 1.1, à savoir "composition, identification des composés phénoliques et adsorption par lots (partie I)" et "adsorption dynamique (adsorption sur colonne) et valorisation biomédicale des fractions phénoliques, y compris les propriétés antioxydantes et anti-inflammatoires (partie II)".

Tout d'abord, l'identification des composés phénoliques dans les effluents des sous-produits des isolats de protéines SFM et RSM a été réalisée en utilisant la technique SE-HPLC et HPLC-MS. En particulier, les composés phénoliques dans le sous-produit aqueux de l'isolat de protéines RSM après et avant l'hydrolyse acide ont été identifiés par LC-MS. Ensuite, nous avons utilisé différentes résines macroporeuses, notamment XAD4, XAD7, XAD16, XAD1180 et HP20, pour choisir la résine appropriée pour capturer les composés phénoliques ciblés. Ces résines possèdent diverses propriétés en termes de polarité, de diamètre des pores et de surface spécifique. La meilleure résine a été sélectionnée sur la base de la capacité d'adsorption massique/surface et du rapport de désorption les plus élevés. Pour comprendre les mécanismes d'adsorption des composés phénoliques sur les résines, les données expérimentales ont été régressées avec différents modèles tels que le pseudo premier ordre (PFO), le pseudo second ordre (PSO), et les modèles de diffusion intra-particulaire. Les isothermes d'adsorption à différentes températures ont été utilisées pour élucider les comportements d'adsorption des composés phénoliques tels que les modèles de Langmuir ou de Freundlich. Les paramètres thermodynamiques ont également été calculés afin de comprendre le mécanisme physique et le processus exothermique de l'adsorption des composés phénoliques sur les résines. La désorption par différentes concentrations d'éthanol dans l'eau a également été étudiée. Le taux de désorption et la pureté de la fraction phénolique ont également été pris en compte pour choisir la résine la plus appropriée pour la capture phénolique de ces effluents.

Ensuite, les résines les plus appropriées ont été choisies dans l'adsorption par lots en utilisant une colonne de garnissage dans l'adsorption dynamique (adsorption en colonne). Comme nous l'avons mentionné dans la partie précédente, l'adsorption sur colonne est particulièrement complexe puisqu'elle dépend de plusieurs facteurs. C'est pourquoi, dans cette partie, nous avons évalué l'effet du débit et du pH sur la capacité de liaison dynamique (DBC), la productivité et la récupération en utilisant des plans d'expériences (DoE). Pour déterminer les conditions optimales de cette étape, une méthode d'optimisation multi-objectifs a été suivie sur la base des modèles DoE. En ce qui concerne l'étape de désorption, l'effet des concentrations d'éthanol sur la pureté et la récupération des fractions phénoliques a été étudié.

Enfin, l'activité antioxydante des fractions phénoliques obtenues après adsorption/désorption sur colonne a été comparée aux composés phénoliques authentiques tels que CGA, SP, et SA et à la vitamine C en utilisant les tests DPPH et ABTS. Cette étude a permis de révéler que les fractions phénoliques étaient considérées comme des agents antioxydants naturels dans les applications alimentaires. En outre, l'activité anti-inflammatoire a été évaluée en utilisant le modèle classique [START_REF] Chanput | THP-1 cell line: An in vitro cell model for immune modulation approach[END_REF]. Le niveau de production de la cytokine pro-inflammatoire TNF-α par les macrophages THP-1 traités au lipopolysaccharide (LPS) a été utilisé pour évaluer la propriété antiinflammatoire de ces fractions phénoliques. Cette étude a permis de démontrer un effet protecteur de la fraction phénolique contre une future inflammation. (adapted from Terres Univia, 2020, available online). or without hulls used for oil production are ground and flattened. Usually, crude oil has undergone several mechanical processes, including heating continuously and pressing. Then, the edible oil is obtained by pressing, followed by solvent extraction using solvents such as food-grade hexane. Limiting using an organic solvent, directly cooking at high temperature with appropriate pressure has become more popular [START_REF] Rodrigues | Modeling and optimization of laboratory-scale conditioning of Jatropha curcas L. seeds for oil expression[END_REF]. Although food grade standards are used for separating oil, further refinement of crude oil is necessary to eliminate undesirable compounds such as protein, phenolic compounds, and solvent traces. According to (FAOSTAT, 2020b), there were 600.47 million metric tons of oilseeds. Sunflower and rapeseed meals are co-products of oil processing. Hence, there are also enormous amounts of press meals of oil extraction. In particular, according to Terres Univia (Terres Univia, 2020), there are 560 tons of rapeseed meal and 540 tons of sunflower meal annually produced in France. Therefore, sunflower meal (SFM) and rapeseed meal (RSM) are promising alternative protein sources to meet the increasing demand for protein foods not only for animal feed but also for human consumption in the future [START_REF] Arrutia | Oilseeds beyond oil: Press cakes and meals supplying global protein requirements[END_REF]. Indeed, sunflower meal (SFM) contains up to 40% protein when the sunflower seeds are subject to extraction by cooking, whereas in the oil extraction step using an organic solvent, the percentage of protein is up to 55%. The proportion of protein varied greatly depending on if the seeds were de-hulled or not. With de-hulled seeds, the protein composition can range from 53 to 66%. Rapeseed meal (RSM) is also rich in protein, with a quantity of up to nearly 40%. In the following parts of this Ph.D. thesis, the components of SFM and RSM are described thoroughly.

Composition of sunflower meal and rapeseed meal

Rapeseed meal (RSM) and sunflower meal (SFM) are the by-products of the rapeseed deoiling process. RSM and SFM are used for animal feed due to their richness in protein (40% for RSM and 66% for SFM) [START_REF] Downey | New Developments in Canola Research[END_REF][START_REF] Quinn | Sinapinic and protocatechuic acids found in rapeseed: Isolation, characterisation and potential benefits for human health as functional food ingredients[END_REF]. These oilseed meals also contain phenolic compounds [START_REF] Quinn | Sinapinic and protocatechuic acids found in rapeseed: Isolation, characterisation and potential benefits for human health as functional food ingredients[END_REF]. Several authors have researched SFM and RSM's components for animal consumption purposes in the past decades due to their nutritional features such as protein, fibers, and minerals [START_REF] Briones | Valorization of some lignocellulosic agro-industrial residues to obtain biopolyols[END_REF][START_REF] González | Effects of Flavonoids and other Polyphenols on Inflammation[END_REF]. These components can vary according to genotype, geography, degree of hull removal, and extraction methods [START_REF] Wildermuth | Chlorogenic Acid Oxidation and Its Reaction with Sunflower Proteins to Form Green-Colored Complexes: Chlorogenic acid oxidation…[END_REF].

Sunflower meal (SFM)

In general, SFM contains protein (about 30% of dry matter on average), fiber (about 40%), and the minor composition of phenolic compounds, moisture, and ash. All the previous data of the composition of SFM presented in Table 2.1 on a range from minimal and maximal percentage. 4.3-11.202 8.5-6.0-4.3-6.6-7.1-11.202 Adapted from: * [START_REF] Bautista | Composition and fractionation of sunflower meal: Use of the lignocellulosic fraction as substrate in solid-state fermentation[END_REF][START_REF] Boni | Method for preparing protein hydrolysates soluble in an acid environment, and the hydrolysates obtained[END_REF][START_REF] Dominguez | Aqueous processing of sunflower kernels with enzymatic technology[END_REF][START_REF] Geneau-Sbartaï | Sunflower Cake as a Natural Composite: Composition and Plastic Properties[END_REF][START_REF] Lin | Certain functional properties of sunflower meal products[END_REF][START_REF] Parrado | Protein enrichment of sunflower lignocellulosic fraction by Trichoderma harzianum S/G 2431 in low moisture content media[END_REF][START_REF] Ramachandran | Oil cakes and their biotechnological applications -A review[END_REF][START_REF] Salgado | Exploration of the antioxidant and antimicrobial capacity of two sunflower protein concentrate films with naturally present phenolic compounds[END_REF]Wanjari & Waghmare, 2015) According to Table 2.1, the composition of SFM after defatted oil is mostly proteins (29 to 55.5%) on a dry weight basis. This protein percentage dramatically increases up to 55.5% in de-hulled seeds used for protein extract. Besides, fiber increased from 29 up to 50%, the percentage of lipid is 0.5-2.00%, and lignin 8.4-26.8%, ash 4.3-11.202%, moisture 6.5-10.4% on a dry basis. Notably, total phenolic content ranges from 2.4 to 4.7% on the dry weight. It is noteworthy that the composition of SFM changes depending on the geographic zone. SFM originating from Italy contained mainly protein (29.0%) and non-nitrogen compounds (26.7%), and the crude fibers were proportioned at a high value of 28.9%. Meanwhile, saccharides and low molecular-weight oligosaccharides 6.0%. Notably, total phenolic compounds were 2.4%. It also contains moisture 8.0%, crude lipid 1.15%, and ash 6.1% [START_REF] Boni | Method for preparing protein hydrolysates soluble in an acid environment, and the hydrolysates obtained[END_REF]. Hulls of sunflower contained 50% in polysaccharides, mainly xyloses (14-16%), glucose (19-20%), protein 29%, and galacturonic acid (9-10%). In contrast, the ethanol-soluble carbohydrate was 25-30% [START_REF] Thibault | Composition glucidique des graines de colza et de tournesol[END_REF]. Parrado and Batis (Parrado & Bautista, 1993) found that SFM contains amino acids such as leucine, valine, tyrosine, isoleucine, arginine, threonine, and histidine, and tryptophan. The major amino acids were arginine, leucine, valine, glycine, and phenylalanine [START_REF] Ramachandran | Oil cakes and their biotechnological applications -A review[END_REF]. The report of Dominguez et al. [START_REF] Dominguez | Aqueous processing of sunflower kernels with enzymatic technology[END_REF] indicated that the content of phenolic compounds in SFM ranged from 3 to 4% (w/w). The proportion of chlorogenic acid (CGA), an ester of caffeic acid and quinic acid, in these phenolic compounds was up to 70%. The other phenolic compounds presented in SFM were caffeic acid, p-hydroxybenzoic, p-coumaric, cinnamic, m-hydroxybenzoic, vanillic, syringic, trans-cinnamic, iso-ferulic, and sinapic acid. However, the composition of each compound was not investigated.

Rapeseed meal (RSM)

Rapeseed meal (RSM) is the by-product of rapeseed oil after oil extraction and is widely used for animal protein consumption [START_REF] Downey | New Developments in Canola Research[END_REF]. All the data regarding the composition of RSM in range values are synthesized in Table 2.2. In most cases, the crude proteins were 33.9-39.47%, crude fiber was 9.7-13.9%, total phenolic content ranged from 0.02 to 1.705g of sinapic acid equivalent (SAE)/ 100g of dry matter, and other components such as moisture 7.2-10.0%, crude lipids 1.7-3.8%, lignin 5.52-95%, and ash 6.3% [START_REF] Lomascolo | Rapeseed and sunflower meal: A review on biotechnology status and challenges[END_REF]. 5.52-32.39-7.9 Adapted from: * [START_REF] Ballester | Rapeseed meal II. Chemical composition and biological quality of the protein[END_REF][START_REF] Bell | Nutrients and toxicants in rapeseed meal: A review[END_REF][START_REF] Bell | Variability in the chemical composition of rapeseed meal[END_REF][START_REF] Blair | Chemical composition, nutritive values of rapeseed meals[END_REF][START_REF] Briones | Valorization of some lignocellulosic agro-industrial residues to obtain biopolyols[END_REF][START_REF] Eriksson | Combustion characterization of rapeseed meal and possible combustion applications[END_REF][START_REF] Remón | Simultaneous production of lignin and polysaccharide rich aqueous solutions by microwave-assisted hydrothermal treatment of rapeseed meal[END_REF][START_REF] Siddiqui | Carbohydrates of rapeseed: A review[END_REF][START_REF] Theander | Carbohydrates, polyphenols, and lignin in seed hulls of different colors from turnip rapeseed[END_REF][START_REF] Vuorela | Impact of isolation method on the antioxidant activity of rapeseed meal phenolics[END_REF][START_REF] Zago | Influence of rapeseed meal treatments on its total phenolic content and composition in sinapine, sinapic acid and canolol[END_REF].

Like the composition of SFM, the variance of RSM components derives from geography, genotypes, and the presence of hulls. In most cases, the crude fiber, protein, amino acids such as lysine, minerals such as calcium, phosphorus, and iron remained at a relatively high level [START_REF] Ballester | Rapeseed meal II. Chemical composition and biological quality of the protein[END_REF]. Blair and Scougall performed the experiments of determining the RSM components source from European countries and Canada. They found that the lipid 1.7% found in B. napus was higher than in B. canpestris. The primary amino acids were found, including leucine, lysine, arginine, valine, threonine, phenylalanine, glycine, and isoleucine. RSM from Canada contained crude protein 35.9%, crude fiber 11.2%, lipid 3.8%, moisture 7.7%, and ash 6.5%. Regarding carbohydrates, RSM contained mainly pectins, pentosans, and cellulose [START_REF] Bell | Nutrients and toxicants in rapeseed meal: A review[END_REF][START_REF] Siddiqui | Carbohydrates of rapeseed: A review[END_REF]. Rapeseed meal has high nutraceutical values because it contains up to 40% protein and amino acids, is high in fiber, and rich in mineral ingredients such as calcium, magnesium, zinc, and copper [START_REF] Naczk | Current research developments on polyphenolics of rapeseed/canola: A review[END_REF]. RSM also contains vitamins such as tocopherol, several B vitamins, and choline, making RSM of very high nutritional value [START_REF] Naczk | Current research developments on polyphenolics of rapeseed/canola: A review[END_REF]. RSM is also rich in phenolic compounds, and it contains the highest amounts of phenolic compounds among the oilseed plant, such as soybean, peanut, and cottonseed (Kozlowska et al., 1990a;[START_REF] Nowak | Antioxidative and Bactericidal Properties of Phenolic Compounds in Rapeseeds[END_REF]. Among these phenolic compounds, sinapine, a choline ester of sinapic acid, is present up to 90% of total phenolic compounds (Kozlowska et al., 1990a;[START_REF] Vuorela | Impact of isolation method on the antioxidant activity of rapeseed meal phenolics[END_REF]. Sinapic acid in RSM exists as the ester forms of glucoside, glucopyranosyl sinapate [START_REF] Amarowicz | Chromatographic separation of flaxseed phenolics[END_REF]. A proportion of only less than 1.6% of sinapic acid exists in the RSM. Notably, the amount of SA derivates can vary from 6.390 to 18.370 mg/g upon to oilseed plant (Kozlowska et al., 1990b). RSM is also rich in mineral ingredients such as K and P 1.30%, S 0.91%, Ca 0.72%, Mg 0.54%, and Fe, Si, Al, and Na traces [START_REF] Briones | Valorization of some lignocellulosic agro-industrial residues to obtain biopolyols[END_REF][START_REF] Egües | Hemicelluloses obtaining from rapeseed cake residue generated in the biodiesel production process[END_REF][START_REF] Eriksson | Combustion characterization of rapeseed meal and possible combustion applications[END_REF].

Phenolic compounds in sunflower and rapeseed meal

Phenolic compounds background

"Phenolics" can be defined as compounds that contain an aromatic ring linked directly with one hydroxyl group. Whereas the term "polyphenols" can be formed as compounds that possess one or more than one aromatic ring bearing several hydroxyl groups. In most literature, the two words "phenolics"

and "polyphenols" were usually used frequently with the same meaning. Hence, in this Ph.D. work, those are used to indicate a similar meaning.

Classification of phenolic compounds

To give a better understanding, in this part of the Ph.D. project, we illustrated all general principle of chemical structures of these categories of phenolic compounds presented in plant sources, as shown in Figure 2.2. According to [START_REF] Bravo | Polyphenols: Chemistry, dietary sources, metabolism, and nutritional significance[END_REF], based on their chemical structural characteristics; phenolic compounds can classify into two main groups, including flavonoids and nonflavonoids. Non-flavonoids are benzoic, and cinnamic acid (commonly known as phenolic acids) [START_REF] Ambriz-Pérez | Phenolic compounds: Natural alternative in inflammation treatment[END_REF], and several other phenolic acids are stilbenes, tannins, and lignins [START_REF] Ambriz-Pérez | Phenolic compounds: Natural alternative in inflammation treatment[END_REF]. Non-flavonoids can be divided into two -subgroups of hydroxybenzoic, which in common have the C6-C1 structure, and hydroxycinnamic acids, which have three-carbon side chains attached directly with benzene ring commonly having the C6-C3 structure [START_REF] Bravo | Polyphenols: Chemistry, dietary sources, metabolism, and nutritional significance[END_REF]. According to Hua Zhang and Rong Tsao (H. [START_REF] Zhang | Dietary polyphenols, oxidative stress and antioxidant and anti-inflammatory effects[END_REF], the non-flavonoids type can be represented in plants up to 30%. Typically, according to [START_REF] Kozlowska | Phenolic acids in oilseed flours[END_REF], the main phenolic compounds represented in oilseed plants, in general, are derivates of hydroxyl benzoic (C6-C1) and hydroxycinnamic acids (C6-C3) as well as coumarins (C6-C3), flavonoids, and lignins (C6-C3-C6). Figure [START_REF] Balasundram | Phenolic compounds in plants and agri-industrial byproducts: Antioxidant activity, occurrence, and potential uses[END_REF]).

According to Porter [START_REF] Porter | 11-Tannins[END_REF], tannins, the high molecular weight molecules, also represent plants. Tannins consist of gallic acid esters (Figure 2.4) or the polymers of polyhydroxyflavan-3-ol monomers (also known as pro-anthocyanidins). Tannins can be subdivided into hydrolyzable and condensed tannins. esterified phenolic compounds, and five flavonoids derivates. SFM is composed mainly of CGA (from 1-2% of dry matter). There are free phenolic acids, insoluble-bound phenolic compounds, and esterified phenolic acids in RSM, major in sinapine and sinapic acid derivates. RSM presented sinapine, sinapic acid, and sinapoyl glucose as a primary compound [START_REF] Thiyam | Antioxidant activity of rapeseed phenolics and their interactions with tocopherols during lipid oxidation[END_REF]. Besides, the complex phenolic compounds are as well known as condensed tannins also were found in RSM. 

- Kaempferol-3-O-β-D-glucopyranosyl-(12)-β-D- glycopyranoside 29 - Kaempferol-3-O-(2-O-sinapoyl)-β-D-glycopyranosyl- (12)-β-D-glucopyranoside-7-O-β-D-glucopyranoside 30 - Tannin
Adapted from : * [START_REF] Dabrowski | Composition of free and hydrolyzable phenolic acids in defatted flours of ten oilseeds[END_REF][START_REF] Karamać | Antioxidant activity of phenolic compounds identified in sunflower seeds[END_REF][START_REF] Laguna | Production of proteins and phenolic compounds enriched fractions from rapeseed and sunflower meals by dry fractionation processes[END_REF][START_REF] Romani | Seeds and oil polyphenol content of sunflower (Helianthus annuus L.) grown with different agricultural management[END_REF][START_REF] Sabir | Chlorogenic acid-protein interactions in sunflower[END_REF][START_REF] Sastry | Binding of chlorogenic acid by the isolated polyphenol-free 11 S protein of sunflower (Helianthus annuus) seed[END_REF][START_REF] Sripad | Extractability of polyphenols of sunflower seed in various solvents[END_REF][START_REF] Weisz | Identification and quantification of phenolic compounds from sunflower (Helianthus annuus L.) kernels and shells by HPLC-DAD/ESI-MSn[END_REF]. ** [START_REF] Amarowicz | Chromatographic separation of flaxseed phenolics[END_REF][START_REF] Amarowicz | Antioxidant Activity of Various Fractions of Non-Tannin Phenolics of Canola Hulls[END_REF][START_REF] Dabrowski | Composition of free and hydrolyzable phenolic acids in defatted flours of ten oilseeds[END_REF][START_REF] Engels | Sinapic acid derivatives in defatted Oriental mustard (Brassica juncea L.) seed meal extracts using UHPLC-DAD-ESI-MS n and identification of compounds with antibacterial activity[END_REF][START_REF] Fang | Tissue-Specific Distribution of Secondary Metabolites in Rapeseed (Brassica napus L.)[END_REF][START_REF] Khattab | Determination of Sinapic Acid Derivatives in Canola Extracts Using High-Performance Liquid Chromatography[END_REF][START_REF] Koski | Processing of rapeseed oil: Effects on sinapic acid derivative content and oxidative stability[END_REF][START_REF] Krygier | Free, esterified, and insoluble-bound phenolic acids. 1. Extraction and purification procedure[END_REF][START_REF] Laguna | Production of proteins and phenolic compounds enriched fractions from rapeseed and sunflower meals by dry fractionation processes[END_REF][START_REF] Naczk | Current research developments on polyphenolics of rapeseed/canola: A review[END_REF][START_REF] Nowak | Antioxidative and Bactericidal Properties of Phenolic Compounds in Rapeseeds[END_REF][START_REF] Quinn | Sinapinic and protocatechuic acids found in rapeseed: Isolation, characterisation and potential benefits for human health as functional food ingredients[END_REF][START_REF] Siger | Identification and antioxidant activity of sinapic acid derivatives in Brassica napus L. seed meal extracts: Main phenolic compounds in rapeseed[END_REF][START_REF] Thiyam | Antioxidant activity of rapeseed phenolics and their interactions with tocopherols during lipid oxidation[END_REF].

Table 2.5 gives the concentration of individual phenolic compounds and total phenolic content presented in sunflower meal (kernels and hulls) in the literature and their concentration ranges. The phenolic acid level in both meals depends on the genotypes, cultivated geography, and the degree of hull removal. 44-55-70-3.358-2.773-3.104-0.17-0.13-0.12-0.0253 a 5-O-p-Coumaroylquinic acid 0.0011-0.0113 0.0113-0.0102-0.0106-0.0011 a 5-O-feruloylquinic acid 0.001-0.0173 0.0165-0.0173-0.0122-0.001 a 3,4-di-O-caffeoylquinic acid (3, 0.0011-0.0314 0.0149-0.0314-0.0299-0.0011 a 3,5-di-O-caffeoylquinic acid (3, 0.0018-0.1171 0.0582-0.1171-0.0912-0.0018 a 4,5-di-O-caffeoylquinic acid (4, 0.0037-0.1338 0.0463-0. Adapted from: * [START_REF] Dabrowski | Composition of free and hydrolyzable phenolic acids in defatted flours of ten oilseeds[END_REF][START_REF] Laguna | Production of proteins and phenolic compounds enriched fractions from rapeseed and sunflower meals by dry fractionation processes[END_REF][START_REF] Sabir | Chlorogenic acid-protein interactions in sunflower[END_REF][START_REF] Sastry | Binding of chlorogenic acid by the isolated polyphenol-free 11 S protein of sunflower (Helianthus annuus) seed[END_REF][START_REF] Sripad | Extractability of polyphenols of sunflower seed in various solvents[END_REF][START_REF] Weisz | Identification and quantification of phenolic compounds from sunflower (Helianthus annuus L.) kernels and shells by HPLC-DAD/ESI-MSn[END_REF].

G. [START_REF] Sripad | Extractability of polyphenols of sunflower seed in various solvents[END_REF] found that in defatted sunflower seed flour extracted with aqueous methanol, ethanol, isopropanol, and acetone contained chlorogenic acid (CGA) up to 1.86g/100g SFM.

Whereas, caffeic acid, and quinic acid were 0.56 and 0.39g/ 100g of SFM, respectively. Notably, the CGA in SFM was in the range of value from 1.42 to 4.00% on a dry basis [START_REF] Dorrell | Chlorogenic Acid Content of Meal from Cultivated and Wild Sunflowers[END_REF][START_REF] Sastry | Preliminary studies on processing of sunflower seed to obtain edible protein concentrates[END_REF]. Notably, for SFM with hulls, these values were lower (0.93, 0.58, and 0.36%, corresponding to CGA, CA, and QA, respectively) [START_REF] Sripad | Extractability of polyphenols of sunflower seed in various solvents[END_REF]. CGA was the main phenolic compounds in SFM [START_REF] Sripad | Extractability of polyphenols of sunflower seed in various solvents[END_REF]. CGA, CGA isomer, and CA can constitute up to 70% of the total phenolic compounds [START_REF] Sabir | Chlorogenic acid-protein interactions in sunflower[END_REF]. In the kernel of sunflower (SF) seed, CGA and CA are the main phenolic compounds with amounts up to 700g/kg of total acids (Shamanthaka [START_REF] Sastry | Preliminary studies on processing of sunflower seed to obtain edible protein concentrates[END_REF]. There were four phenolic compounds present in the kernel, ranging from 94.6% to 99.3% of the whole seed's total phenolic contents, including CGA, CA, and two caffeoylquinic (CQA) derivates, including 1,4-di-CQA and 1,5-di-CQA [START_REF] Pedrosa | Determination of caffeic and chlorogenic acids and their derivatives in different sunflower seeds[END_REF]. The major phenolic compound was CQA ranging from 550 to 700g/kg depending on the genotype of SFM [START_REF] Pedrosa | Determination of caffeic and chlorogenic acids and their derivatives in different sunflower seeds[END_REF]. There

were 11 individual compounds of non-oilseed and oilseed sunflower kernels and shells in different European countries such as Italy, France, and Germany [START_REF] Weisz | Identification and quantification of phenolic compounds from sunflower (Helianthus annuus L.) kernels and shells by HPLC-DAD/ESI-MSn[END_REF]. The total phenolic content (TPC) ranged from 2938.8mg/100g to 4175.9mg/100g dry matter (DM) for the de-hulled kernels. Nonoilseed sunflower kernels had slightly differed in a range of 3291.9-3611.0 mg/100g DM. The lowest TPC was found in Italian SFM, and the highest was found in French samples [START_REF] Weisz | Identification and quantification of phenolic compounds from sunflower (Helianthus annuus L.) kernels and shells by HPLC-DAD/ESI-MSn[END_REF]. 5-CQA (as called CGA) was predominant, 59.1/100g and 3050.5mg/100g DM in the kernels. Meanwhile, these other phenolics such as caffeic acid, ferulic acid, and quinic acid derivates only made up a minor proportion. Typically, these SFM contains non-esterified phenolic acids 0.8-3.6%, coumaric acid and ferulic acid derivates 0.4-5.9% [START_REF] Salgado | Exploration of the antioxidant and antimicrobial capacity of two sunflower protein concentrate films with naturally present phenolic compounds[END_REF][START_REF] Weisz | Identification and quantification of phenolic compounds from sunflower (Helianthus annuus L.) kernels and shells by HPLC-DAD/ESI-MSn[END_REF]. The new isomers of coumaroylquinic acid (probably 3-O-coumaroylquinic acid and 4-O-p-coumaroylquinic acid) and dicaffeoylquinic acid (probably 1,3-di-O-caffeoylquinic acid and 1,4-di-O-caffeoylquinic acid) were also found from sunflower meal (Albe [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF][START_REF] Karamać | Antioxidant activity of phenolic compounds identified in sunflower seeds[END_REF][START_REF] Laguna | Production of proteins and phenolic compounds enriched fractions from rapeseed and sunflower meals by dry fractionation processes[END_REF][START_REF] Romani | Seeds and oil polyphenol content of sunflower (Helianthus annuus L.) grown with different agricultural management[END_REF]. Total phenolic content in SFM was 25.3±0.4 mg CGA equivalent/ g dry matter [START_REF] Laguna | Production of proteins and phenolic compounds enriched fractions from rapeseed and sunflower meals by dry fractionation processes[END_REF]. All chemical structures of phenolic compounds present in SFM are illustrated in Figure 2.5.

Phenolic compounds in rapeseed meal

Table 2.6 expresses the concentration of the individual phenolic compound in RSM in bibliographic data. The quantification of each phenolic compounds also depends on genotypes, cultivated zone, and the degree of hulls. According to these data, it contains abundant phenolic compounds. [START_REF] Nowak | Antioxidative and Bactericidal Properties of Phenolic Compounds in Rapeseeds[END_REF], rapeseed possesses the highest phenolic contents among oilseeds investigated in his work. Phenolic compounds represented in rapeseed can be divided into three sub-groups: free phenolic acids, esterified phenolic acids, and insoluble-bound phenolic compounds [START_REF] Krygier | Free, esterified, and insoluble-bound phenolic acids. 1. Extraction and purification procedure[END_REF][START_REF] Naczk | Current research developments on polyphenolics of rapeseed/canola: A review[END_REF]. Sinapic acid and its derivates are predominant in RSM [START_REF] Siger | Identification and antioxidant activity of sinapic acid derivatives in Brassica napus L. seed meal extracts: Main phenolic compounds in rapeseed[END_REF]. The crude extract's total phenolic content ranged from 1577 to 1705 mg/ 100g dry matter [START_REF] Siger | Identification and antioxidant activity of sinapic acid derivatives in Brassica napus L. seed meal extracts: Main phenolic compounds in rapeseed[END_REF]. 4-26.2-24.8-9.8-8.4-6.0-7.2-11.9-14.4-6.2 Cyclic spermidine 0.039 0.039 Esterified phenolic acids content 57-152 120-147-146-98-120-57-70-118-152-121 Insoluble-bound phenolic acids content 0.5-10. 5 9.6-10.5-10.1-0.5-0.5-3.9-6.9-5.1 Total phenolic content (gSAE/100 g of dry matter) 0.0203-1.705 1.577-1.705-0.783-0.881-1.379-0.0203-0.0407-0.64-1.28-1.66 Tannin 1.4-230 a 1.4 a -230 a -151 a -13 a -12 a -6 a -9 a -19 a -59 a Adapted from: * [START_REF] Fang | Tissue-Specific Distribution of Secondary Metabolites in Rapeseed (Brassica napus L.)[END_REF][START_REF] Kozlowska | Phenolic acids in oilseed flours[END_REF][START_REF] Laguna | Production of proteins and phenolic compounds enriched fractions from rapeseed and sunflower meals by dry fractionation processes[END_REF]Q. Liu et al., 2012;[START_REF] Matthäus | Antioxidant Activity of Extracts Obtained from Residues of Different Oilseeds[END_REF][START_REF] Naczk | Current research developments on polyphenolics of rapeseed/canola: A review[END_REF][START_REF] Nićiforović | Sinapic acid and its derivatives: Natural sources and bioactivity[END_REF][START_REF] Quinn | Sinapinic and protocatechuic acids found in rapeseed: Isolation, characterisation and potential benefits for human health as functional food ingredients[END_REF][START_REF] Siger | Identification and antioxidant activity of sinapic acid derivatives in Brassica napus L. seed meal extracts: Main phenolic compounds in rapeseed[END_REF].

Qin Liu et al. (Q. Liu et al., 2012) investigated the soluble and insoluble phenolic compounds from ten different varieties of RSM in China (Brassica napus L.). A total of seven soluble phenolic compounds and eight insoluble phenolic compounds have been identified. Seven soluble phenolic compounds found in RSM are sinapine (a major with an amount on average of 18.28 mg/ g dry matter), 2 and 3 sinapoyl glucoside isomers, cis-and trans-sinapic acid (0.18 mg/ g dry matter), disinapoyl gentiobise, and disinapoyl glucoside. Besides, eight insoluble phenolic compounds are protocatechuic acid, hydroxybenzoic acid, caffeic acid, syringic acid, coumaric acid isomer, p-coumaric acid, trans-ferulic acid, and trans-sinapic acid. The total phenolics on average is 24.54 mg/ g dry matter. Baumert et al. glycosides of syringate, caffeoyl alcohol, and its 7,8-dihydro derivates, sinapate, sinapine, sinapoylated kaempferol glycosides. Notably, the hexodise of cyclic spermidine alkaloid was also observed (average concentration of 1.94 µmol/g) [START_REF] Fang | Tissue-Specific Distribution of Secondary Metabolites in Rapeseed (Brassica napus L.)[END_REF]. Several new phenolic compounds including kaempferol-sinapoyl-trihexoside, sinapoyl-hexosiden disinapoyl-dihexoside, disinapoyl-hexoside, and sinapoyl conjugates, were observed [START_REF] Engels | Sinapic acid derivatives in defatted Oriental mustard (Brassica juncea L.) seed meal extracts using UHPLC-DAD-ESI-MS n and identification of compounds with antibacterial activity[END_REF]. Oscar Laguna et al. [START_REF] Laguna | Production of proteins and phenolic compounds enriched fractions from rapeseed and sunflower meals by dry fractionation processes[END_REF] found a total of nine phenolic compounds, with the main phenolic compound being sinapine with 12.4±0.2 mg/g dry matter (75% of all phenolics). The free sinapic acid accounts for 0.9±0.0mg/g dry matter. The other phenolic compounds were identified as sinapic acid ester forms comprising a sugar (glucose, gentiobise) or kaempferol moiety. The total phenolic content in RSM was 16.6±0.3 mg of sinapic acid equivalent (SAE)/ g dry matter.

Naczk et al. [START_REF] Naczk | Current research developments on polyphenolics of rapeseed/canola: A review[END_REF] confirmed the presence of tannin in RSM with hulls. Tannin, a polyphenolic compound, can be divided into two small groups that are condensed and hydrolyzable tannins. Tannins are formed by polymerization of flavan-3-ol or flavan-3,4-diols is condensed tannins, and is present in RSM. The quantity of tannin can vary from 0.2 to 3% of dry matter [START_REF] Naczk | Current research developments on polyphenolics of rapeseed/canola: A review[END_REF]. Some of the RSM tannins exist in insoluble forms due to polymerization or complexes with the fiber (Naczk & Shahidi, 2004a). The presence of phenolic compounds (PC) can interact with protein and acid amines presented in SFM and RSM [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF]. As a consequence, these PC can lead to a reduced nutritional value (Shamanthaka [START_REF] Sastry | Preliminary studies on processing of sunflower seed to obtain edible protein concentrates[END_REF]. Therefore, many methods have been performed to remove the PC from SFM and RSM using aqueous, organic, and aqueous-organic solvents, as reviewed in this part of the Ph.D. project. However, organic solvents cause toxicity problems, environmental pollution, and safe status [START_REF] Chemat | Green Extraction of Natural Products: Concept and Principles[END_REF]. In particular, these phenolic compounds can be used in food and biomedical applications. Therefore, the novel extraction processes for recovering phenolic compounds from SFM have been carried out to date by using aqueous salt solution with different pH and different solid-liquid ratio to obtain the desired products (Albe [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF][START_REF] Geneau-Sbartaï | Sunflower Cake as a Natural Composite: Composition and Plastic Properties[END_REF][START_REF] Sastry | Preliminary studies on processing of sunflower seed to obtain edible protein concentrates[END_REF][START_REF] Sripad | Extractability of polyphenols of sunflower seed in various solvents[END_REF][START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF]. In the past decades, SFM and RSM were commonly extracted using an organic solvent such as methanol, ethanol, isopropanol, acetone, or a combination of these different methods described in Table 2.7 of recovery of phenolic compounds. [START_REF] Sripad | Extractability of polyphenols of sunflower seed in various solvents[END_REF] Chlorogenic acid (CGA) from SFM -three extraction steps: [START_REF]Total antioxidant activity measured by chemiluminescence methods[END_REF] water-to-kernel ratio 12:1 (in 1% NaCl), ( 2) water-to-kernel ration 2:1, ( -No statistical differences for the number of phenolic compounds extracted with the times and duration of extracts -A single extraction needed [START_REF] Thies | Determination of the phytic acid and sinapic acid esters in seeds of rapeseed and selection of genotypes with reduced concentrations of these compounds[END_REF][START_REF] Wang | Application and evaluation of ion-exchange UV spectrophotometric method for determination of sinapine in Brassica seeds and meals[END_REF] Phenolic compounds -Various concentration of methanol in water -Solvent to the meal: 100: 1 70% aqueous methanol would release PC greater than twice times when extracting with absolute methanol [START_REF] Naczk | Facile spectrophotometric quantification method of sinapic acid in hexane-extracted and methanol-ammonia-water-treated mustard and rapeseed meals[END_REF] Phenolic compounds -Various concentration of methanol in water -Solvent to meal: 6 : 1

No difference significantly when extract rapeseed phenolics with 100% methanol or with 70% (v/v) methanol at 75°C [START_REF] Cai | A rapid high-performance liquid chromatographic method for the determination of sinapine and sinapic acid in canola seed and meal[END_REF][START_REF] Thiyam | Antioxidant activity of rapeseed phenolics and their interactions with tocopherols during lipid oxidation[END_REF][START_REF] Vuorela | Impact of isolation method on the antioxidant activity of rapeseed meal phenolics[END_REF] 

Phenolic compounds

The organic solvent in water including 70% methanol, 70% isopropanol, or 70% ethanol Methanol 70% (v/v) was the most effective solvent phenolic compounds extract compared to either 70% ethanol or 70% iso-propanol [START_REF] Khattab | Determination of Sinapic Acid Derivatives in Canola Extracts Using High-Performance Liquid Chromatography[END_REF] 

Tannins

Various acetone concentration 70% (v/v) aqueous acetone was most suitable used to extract rapeseed tannins [START_REF] Naczk | Insoluble condensed tannins of canola/rapeseed[END_REF] Insoluble condensed tannins -Different acetone concentrations -Mixture of various organic solvent -Acetone 70% (v/v) is not an appropriate solvent for insoluble condensed tannins.

-The mixed solvents include methanol, butanol, and hydrogen chloride is necessary to extract insoluble tannins in RSM.

(Q. Liu et al., 2012) 

Extract of phenolic compounds from sunflower meal

Chlorogenic acid (CGA) can be extracted from SFM in water and salt solutions at different pH values (ranged 2-8) in aqueous organic solvents such as methanol, ethanol, isopropanol, and acetone (whose composition varied from 0-80%), and also in NaCl, CaCl2, and MgCl2 solutions. CGA released up to 70% in a single extraction at pH 8, while NaCl did not affect it. The maximum CGA is extracted by organic solvent 20% (v/v) in water [START_REF] Sripad | Extractability of polyphenols of sunflower seed in various solvents[END_REF]. However, another report confirms that CGA has been released up to 95% after three extraction steps were applied, including water-to-kernel ratio 12:1 (in 1% NaCl), then water-to-kernel ration 2:1, finally with water only (Shamanthaka [START_REF] Sastry | Preliminary studies on processing of sunflower seed to obtain edible protein concentrates[END_REF]. Following this method, Georg M. [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF], 2013) used NaCl 1.3M at pH about 6 for 1 h to extract CGA from SFM. The ratio of solid-liquid was 0.05-0.13 g/mL. In this way, CGA was achieved up to 75% of the total phenolic content in a single extraction only, and repeated extractions were not necessary to perform. Phenolic compounds in SFM were also co-extracted with proteins by alkaline extraction (pH 12) for 2 min at 50°C for solid: liquid ratio at 1:20.

Total phenolic compounds were estimated at 4.7% and 2.8% of CGA of the total dry matter [START_REF] Geneau-Sbartaï | Sunflower Cake as a Natural Composite: Composition and Plastic Properties[END_REF]. Three mono CQA isomers, including 3-CQA, 4-CQA, and 5-CQA in protein, coextracted using NaCl 0.5M solution with a ratio of solid: liquid = 1: 9 (v/w) was also carried out. 5-CQA (known as CGA) was relatively stable when extracted in a neutral and acidic range solution (Albe [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF]. The extraction of phenolic compounds from SFM with aqueous salt solution with solid/ liquid ratio ranging from 1:2 to 1: 12 at pH 6-8 is the most common extraction method.

The extraction of phenolic compounds from SFM used not only aqueous salts solution but also organic solvent including ethanol [START_REF] Pedrosa | Determination of caffeic and chlorogenic acids and their derivatives in different sunflower seeds[END_REF][START_REF] Romani | Seeds and oil polyphenol content of sunflower (Helianthus annuus L.) grown with different agricultural management[END_REF], methanol [START_REF] Weisz | Identification and quantification of phenolic compounds from sunflower (Helianthus annuus L.) kernels and shells by HPLC-DAD/ESI-MSn[END_REF], isopropanol, and ethyl acetate (Wanjari & Waghmare, n.d.) with different concentrations and with/ or without mechanical shaking [START_REF] Pedrosa | Determination of caffeic and chlorogenic acids and their derivatives in different sunflower seeds[END_REF]. Using ethanol solution concentration ranging 50-100% (v/v) in water to extract phenolic compounds from SFM has been well documented [START_REF] Pedrosa | Determination of caffeic and chlorogenic acids and their derivatives in different sunflower seeds[END_REF][START_REF] Romani | Seeds and oil polyphenol content of sunflower (Helianthus annuus L.) grown with different agricultural management[END_REF][START_REF] Wanjari | Extraction of Antioxidants from Deoiled Sunflower Cake[END_REF]. The extraction step was repeated four times [START_REF] Pedrosa | Determination of caffeic and chlorogenic acids and their derivatives in different sunflower seeds[END_REF]. The highest total phenolic content (TPC) was 727.76 mg/g of gallic acid equivalent (GAE) on a dry basis belong to ethanolic extract (Wanjari & Waghmare, n.d.). In contrast, the lowest TPC (598 mg/g GAE) was observed for acetone extract [START_REF] Naczk | Facile spectrophotometric quantification method of sinapic acid in hexane-extracted and methanol-ammonia-water-treated mustard and rapeseed meals[END_REF] with a solid : liquid ratio of 5:1 (v/w). Methanol concentration 50%-100% (v/v) has been used to extract phenolic compounds in SFM at room temperature or at 60°C [START_REF] Karamać | Antioxidant activity of phenolic compounds identified in sunflower seeds[END_REF][START_REF] Wanjari | Extraction of Antioxidants from Deoiled Sunflower Cake[END_REF][START_REF] Weisz | Identification and quantification of phenolic compounds from sunflower (Helianthus annuus L.) kernels and shells by HPLC-DAD/ESI-MSn[END_REF].

Extract of phenolic compounds from rapeseed meal

Unlike the extraction of phenolic compounds from SFM, the extraction of those from RSM with aqueous methanol 70% (v/v) in water [START_REF] Amarowicz | Chromatographic separation of flaxseed phenolics[END_REF][START_REF] Cai | A rapid high-performance liquid chromatographic method for the determination of sinapine and sinapic acid in canola seed and meal[END_REF][START_REF] Khattab | Determination of Sinapic Acid Derivatives in Canola Extracts Using High-Performance Liquid Chromatography[END_REF][START_REF] Naczk | Facile spectrophotometric quantification method of sinapic acid in hexane-extracted and methanol-ammonia-water-treated mustard and rapeseed meals[END_REF][START_REF] Thiyam | Antioxidant activity of rapeseed phenolics and their interactions with tocopherols during lipid oxidation[END_REF] is the most common solvent used. Besides, the combination between methanol 70% and acetone 70% with ratio 1:1 and the ratio of solid: liquid = 1: 20 (v/w) also was used to yield a large amount of phenolic acid with total phenolic soluble and ester found after extraction was 9.8mg/100g of dry weight [START_REF] Krygier | Free, esterified, and insoluble-bound phenolic acids. 1. Extraction and purification procedure[END_REF]. Surprisingly, Naczk et al. [START_REF] Naczk | Facile spectrophotometric quantification method of sinapic acid in hexane-extracted and methanol-ammonia-water-treated mustard and rapeseed meals[END_REF] found that extract with 70% aqueous methanol would release greater than twice the PC than when extracting with pure methanol. However, in 2001, according to Cai and Arntfied [START_REF] Cai | A rapid high-performance liquid chromatographic method for the determination of sinapine and sinapic acid in canola seed and meal[END_REF], there was no difference significantly when extracting rapeseed phenolics with 100% methanol or with 70% (v/v) methanol at 75°C. One reason we can assume that this difference is due to the difference of solvent-to-meal ratio between two reports. This extraction method of Cai and Arntfied [START_REF] Cai | A rapid high-performance liquid chromatographic method for the determination of sinapine and sinapic acid in canola seed and meal[END_REF] was used again by Satu Vourela et al. [START_REF] Vuorela | Impact of isolation method on the antioxidant activity of rapeseed meal phenolics[END_REF] and Usha Thiyam et al. [START_REF] Thiyam | De-oiled rapeseed and a protein isolate: Characterization of sinapic acid derivatives by HPLC-DAD and LC-MS[END_REF] in their work. The different solvents include 70% methanol, 70% isopropanol, or 70% ethanol on rapeseed phenolics extraction, were also investigated to find the most effective one in phenolic extraction [START_REF] Khattab | Determination of Sinapic Acid Derivatives in Canola Extracts Using High-Performance Liquid Chromatography[END_REF]. The results showed that methanol 70% (v/v) was the best compared to 70% ethanol or 70% isopropanol.

Regarding the extraction duration process, the report of Thiers [START_REF] Thies | Determination of the phytic acid and sinapic acid esters in seeds of rapeseed and selection of genotypes with reduced concentrations of these compounds[END_REF] demonstrated that the extraction time should not be more than 20 min. Nevertheless, there was no degradation of sinapine observed by [START_REF] Wang | Application and evaluation of ion-exchange UV spectrophotometric method for determination of sinapine in Brassica seeds and meals[END_REF]. There were no statistical differences for the number of phenolic compounds extracted with the times and duration of extracts [START_REF] Krygier | Free, esterified, and insoluble-bound phenolic acids. 1. Extraction and purification procedure[END_REF]. Hence, a single extraction with a short extraction time was suitable for phenolic compounds extraction from RSM.

Tannins in rapeseed meal were commonly extracted by 70% (v/v) aqueous acetone (Naczk et al., 2000). However, acetone 70% (v/v) is not an appropriate solvent for insoluble condensed tannins (Q. Liu et al., 2012). Mixed solvents including methanol, butanol, and hydrogen chloride are necessary to extract insoluble tannins in RSM [START_REF] Naczk | Insoluble condensed tannins of canola/rapeseed[END_REF].

Hydrolysis phenolic compounds from rapeseed meal

To date, there is no data about hydrolysis of phenolic compounds from SFM. However, there are several reports regarding the hydrolysis of phenolic compounds from RSM. This issue might be the difference in chemical structures of phenolic compounds in RSM compared to in SFM. According to Thiyam-Holländer et al. (Thiyam et al., 2009), RSM's phenolic compounds comprise 61-70% sinapine, 14-27% sinapoylglucose, 7-10% sinapic acid, and 2-13% other phenolic compounds. Therefore, the hydrolysis sinapine or other conjugates of sinapic acid for analyzing sinapic acid and its derivates are two reasons. First, sinapine and sinapic acid derivates are not available as commercial standards. There is only one company which can provide sinapine, but it is costly. Second, the separation process for sinapine carried out by Clandinin [START_REF] Clandinin | Rapeseed Oil Meal Studies: 4. Effect of Sinapin, the Bitter Substance in Rapeseed Oil Meal, on the Growth of Chickens[END_REF] is very time-consuming. Hydrolyzing phenolic compounds after extraction by sodium hydroxide to release free phenolic compounds from esters form has been done successfully in the past [START_REF] Krygier | Free, esterified, and insoluble-bound phenolic acids. 1. Extraction and purification procedure[END_REF][START_REF] Li | High Performance Liquid Chromatography of Phenolic Choline Ester Fragments Derived by Chemical and Enzymatic Fragmentation Processes: Analysis of Sinapine in Rape Seed[END_REF][START_REF] Vuorela | Quantitative analysis of the main phenolics in rapeseed meal and oils processed differently using enzymatic hydrolysis and HPLC[END_REF].

Besides sinapic acid, a newly formed compound, probably the methyl ester of sinapic acid after hydrolysis, was observed [START_REF] Siger | Identification and antioxidant activity of sinapic acid derivatives in Brassica napus L. seed meal extracts: Main phenolic compounds in rapeseed[END_REF]. Alexander Thiel et al. [START_REF] Thiel | A novel integrated downstream processing approach to recover sinapic acid, phytic acid and proteins from rapeseed meal: A novel downstream processing approach for rapeseed meal[END_REF] used both methods including sodium hydroxide (NaOH) and hydrochloric acid (HCl), to yield sinapic acid. In this way, the amount of sinapic acid increased from 5.1 to 12.81 mg/g dry matter in the alkaline method.

Meanwhile, the amount of sinapic acid after acidic hydrolysis was lower than in basic hydrolysis.

Besides chemical hydrolysis including acid and alkaline, enzymatic hydrolysis has been used to break down the ester bonds with sinapic acid. As a consequence, free SA can release. Satu Vuolera et al. [START_REF] Vuorela | Quantitative analysis of the main phenolics in rapeseed meal and oils processed differently using enzymatic hydrolysis and HPLC[END_REF] used ferulic acid esterase and Ultraflo L to hydrolyze sinapine as a main phenolic compound in RSM. There was up to 90% of sinapic acid derivates hydrolyzed to release SA.

Besides, using enzymes for hydrolyzing sinapine to sinapic acid was more effective and less destructive to phenolic compounds compared with the basic hydrolysis method [START_REF] Vuorela | Quantitative analysis of the main phenolics in rapeseed meal and oils processed differently using enzymatic hydrolysis and HPLC[END_REF]. Therefore, in this study, these authors recommended using enzymes for hydrolyzing.

On the contrary, according to Alexander Thiel et al. [START_REF] Thiel | A novel integrated downstream processing approach to recover sinapic acid, phytic acid and proteins from rapeseed meal: A novel downstream processing approach for rapeseed meal[END_REF], there was no significant difference between using alkaline hydrolysis and enzymatic hydrolysis in the yield of sinapic acid.

Additionally, chemical hydrolysis has faster kinetics [START_REF] Thiel | A novel integrated downstream processing approach to recover sinapic acid, phytic acid and proteins from rapeseed meal: A novel downstream processing approach for rapeseed meal[END_REF]. Hence, chemical hydrolysis should be preferred because it is less cost-effective, faster, and almost all sinapic acid esters were hydrolyzed [START_REF] Thiel | A novel integrated downstream processing approach to recover sinapic acid, phytic acid and proteins from rapeseed meal: A novel downstream processing approach for rapeseed meal[END_REF].

Overall, chemical (acid and alkaline) or enzymatic hydrolysis methods can break the linkages in RSM's phenolic compounds. However, it can also cause degradation of some phenolic compounds (using chemical hydrolysis) or lower recovery in the final extract due to high selectivity in certain phenolic compounds (using enzymes).

Capture phenolic compounds by adsorption

One of the techniques for separation of the selected phenolic compounds from dilute solution is adsorption. Adsorption shows several advantages compared to alternative technologies such as simple manipulation, operation, high capacity, ease of regeneration, scale-up, and low cost [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF].

That is why in this Ph.D. project, we used an adsorption/desorption process to obtain targeted phenolic compounds from SFM and RSM by-products from proteins extracts.

Background of adsorption

In general, the process of adsorbates adsorbing onto a solid surface of adsorbents is adsorption.

It is based on the capability of pore filling of porous adsorbents along with several interactions, including hydrogen bonding, surface precipitation, and π-π interaction between adsorbents and adsorbates to capture the adsorbates. Figure 2.7 illustrates some basic terms of adsorption definitions.

Adsorbents are the materials available to retain compounds on their solid surfaces, such as activated carbons, zeolite, chitosan, and macroporous resins. Meanwhile, adsorbates are the targeted substances in the gas or liquid phase, such as phenolic compounds solute. These compounds can quickly accumulate on a solid surface of adsorbents. Nowadays, absorbate-adsorbent's adsorption process can be classified into two types, including physical and chemical adsorptions. (Adapted with modification from H. N. [START_REF] Tran | Mistakes and inconsistencies regarding adsorption of contaminants from aqueous solutions: A critical review[END_REF]).

Physical adsorption (Physisorption)

Physical adsorption is based on the physical interaction between adsorbent-adsorbate. These interactions are Van de Waals forces, hydrogen bonding forces, π-π stacking interactions, and dipole interactions. Between adsorbates and adsorbed materials, there is no electrons exchange. Usually, this process is easy to occur and in a short time because of non-activation energy requirements. Besides, this process is non-specific and reversible. Therefore, after adsorption states reach the saturated point, eluted solvents can easily desorb the desired compounds.

Chemical adsorption (Chemisorption)

Unlike physical adsorption, chemical adsorption is achieved by the chemical interaction between adsorbents-adsorbates. Thus, this is specific, as well as irreversible. After the adsorption process, the electronic properties of adsorbents are also changed. The chemical adsorption process results in weak chemical adsorption (covalent bonds) or strong chemical adsorption (ionic bonds).

Because of the required activation energy, the time needed to reach the equilibrium state in this type of adsorption can take time.

Adsorption mechanism

Figure 2.8 represents the mechanism of the adsorption process of the adsorbate molecules liquid-solid surface of the adsorbates/ adsorbents [START_REF] Weber | Simulation and design models for adsorption processes[END_REF]. There are four steps associated with this adsorption process, which is proposed by Walter [START_REF] Walters | Equilibrium adsorption of polycyclic aromatic hydrocarbons from water onto activated carbon[END_REF]. In the first stage, the adsorbates molecules transport from the bulk liquid phase to the external boundary layer.

This step is known as bulk transport. It occurs quickly and can occur instantaneously; therefore, it can be negligible in most cases. In the second stage, it is film diffusion. This stage describes the mass transfer of adsorbates across from the external boundary layer into the solid particles through the hydrodynamic boundary layer or film. It occurs slowly. In the third stage, the adsorbate molecules travel from the particle surface into the adsorbents' pores and migrate along the pore-wall surfaces or both.

This process is also known as intra-particle diffusion. It takes place slowly. The last stage involves the diffusion of adsorbate molecules from the pores into the active sites on the pore's interior surfaces. It may attach to the pore surface or adsorbents through surface diffusion. This process occurs quickly.

Therefore, it is not significant for engineering design. (Adapted with permission from Weber and Smith [START_REF] Weber | Simulation and design models for adsorption processes[END_REF]).

Type of adsorbents to capture phenolic compounds

Nowadays, several types of adsorbents have been applied for adsorption-targeted compounds, such as phenolic compounds. These adsorbents can be classified as mineral adsorbents, activated carbons, and macroporous resins.

Mineral adsorbents

Several mineral adsorbents are siliceous materials, natural zeolite, and clay (J. [START_REF] Li | Development of adsorptive (non-ionic) macroporous resins and their uses in the purification of pharmacologically-active natural products from plant sources[END_REF]. These materials also demonstrate ion exchangeability (X. S. Wang et al., 2008, p. 200). The chemical modification of structure has also been proposed to increase minerals' affinity towards phenolic compounds' adsorption [START_REF] Anirudhan | Adsorptive removal of tannin from aqueous solutions by cationic surfactant-modified bentonite clay[END_REF]. The adsorption of phenolic compounds and lignin from olive mille wastewater has been investigated [START_REF] Ugurlu | Removal of some organic compounds from pre-treated olive mill wastewater by sepiolite[END_REF].

Activated carbons

Activated carbons are self-assembled by free elementary carbon atoms to form many hydrophobic graphite layers. Usually, it constitutes about 3 to 4 parallel hexagonal carbon ring layers, as illustrated in Figure 2.9. The structure of activated carbons is constructed by randomly cross-linked and surrounded by numerous unpaired electrons. The geometric structure of activated carbons can form many porous. Therefore, activated carbon is also used for the adsorption of a wide range of molecules.

The adsorption capacity of activated carbons material depends on their compositions, mechanical strength, and physicochemical properties (J. [START_REF] Li | Development of adsorptive (non-ionic) macroporous resins and their uses in the purification of pharmacologically-active natural products from plant sources[END_REF]. (Reproduced with permission from the Internet).

Resins

These adsorbent materials are constructed by highly cross-linked and normally nonfunctionalized polymers and co-polymers. These characteristics of synthetic resins can provide a large amount of pore diameter (> 38 Å). For more detail regarding this information, consult Table . 2.8. Besides activated carbons, mineral materials adsorbents, macroporous resin, and ion-exchange resins have been widely proposed to concentrate and purify phenolic compounds from natural sources (D. [START_REF] Kammerer | Recovery of anthocyanins from grape pomace extracts (Vitis vinifera L. cv. Cabernet Mitos) using a polymeric adsorber resin[END_REF][START_REF] Silva | Optimisation of the adsorption of polyphenols from Inga edulis leaves on macroporous resins using an experimental design methodology[END_REF][START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF]. The first resins were synthesized by copolymerization of formaldehyde with phenolic compounds and aromatic amine derivates [START_REF] Abrams | A history of the origin and development of macroporous ion-exchange resins[END_REF]. The ion-exchange resins also sufficiently synthesize to refine the sugar and deionization of water (J. [START_REF] Li | Development of adsorptive (non-ionic) macroporous resins and their uses in the purification of pharmacologically-active natural products from plant sources[END_REF]. However, they showed a lack of several porous and stable skeletal structure for operation. Therefore, the better polymer structures were formed by using cross-linked polystyrenes to achieve the number of pores. The copolymerization of styrene (S) with up to 20% (w/w) amount of divinylbenzene (DVB) is used to synthesize styrene-divinylbenzene (SDVB) polymeric resins. The obtained degree of cross-linking of more than 10% is widely used to entrap non-polar or less polar organic compounds from aqueous solutions (J. [START_REF] Li | Development of adsorptive (non-ionic) macroporous resins and their uses in the purification of pharmacologically-active natural products from plant sources[END_REF]. There are several synthetic polymeric resins that have been available [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF]. Although the adsorption capacity of macroporous resins is smaller than activated carbons ones, resins are durable, stable, can be re-used, high selectivity, easy to regenerate, scale-up, and enable applications in the food and pharmaceutical industry (S.-H. [START_REF] Lin | Adsorption of phenol and its derivatives from water using synthetic resins and low-cost natural adsorbents: A review[END_REF].

Ion-exchange resins are manufactured by polymer matrix, including inorganic compounds (basic or acidic), polysaccharides, or modified synthetic resins with functional groups. The charge of the ion-active group defines the chemical properties of resins. The strong cation exchangers resins used for removal of phenolic compounds compose sulfonic acid functional groups such as CER 1, 2 [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF] (Table 2.8). The strong anion exchanger resins contain quaternary ammonium groups or trimethylamine quaternary groups such as AER1, 2 [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF] or weak anion exchangers resins such as tertiary amine polymers.

Physical and chemical properties of the adsorbents

The most critical features of adsorbents, which determine usage, are the pore diameter, surface polarity, particle size, and the specific surface area.

Adsorbent pores

The total number of pores, shape, and particle size of macroporous resins are the critical factors influencing the adsorption capacity and the adsorbents' dynamic adsorption capacity. Therefore, the appropriate diameter pore size may result in the maximum capture of targeted compounds. Table 2.9 summarizes the range of pore sizes defined by the International Union of Pure and Applied Chemistry (IUPAC) [START_REF] Rodriguez-Reinoso | An overview of methods for the characterization of activated carbons[END_REF]. The porous structure of the adsorbent is described in Figure 2.10. According to IUPAC, the macropores showed the largest pore size (the diameter is superior to 50 nm). This pore size is suitable for retaining phenolic compounds and is commonly used in literature. The pore diameter of dried resins usually ranges from 100 to 300 Å (J. [START_REF] Li | Development of adsorptive (non-ionic) macroporous resins and their uses in the purification of pharmacologically-active natural products from plant sources[END_REF].

The lowest of this list are ultra-micropores (diameter is less than 0.7nm) and micropores (diameter is less than 0.2 nm). Whereas the super-micropores size is from 0.7 to 2nm and mesopore size ranges from 2 to 50 nm. 

Adsorbent specific surface area

The specific surface area is one of the most crucial characteristics of adsorbents. Because it defines the adsorption capacity and range of usage of adsorbents surface, the total surface area of adsorbents can quantify the adsorption sites for adsorbates molecules attachment. The lower the specific surface area they possess, the larger amounts of molecules attached. Therefore, the micropores usually provide the largest proportion of the internal surface. As a result, most of the adsorption occurs in the micropores.

Meanwhile, the adsorbates are usually present on the external surface of mesopores, macropores adsorbents. Besides, to achieve the adsorbates molecules attach into the micropore, the adsorbates firstly have to also cross meso-and macropores. Figure 2.11 presents the external and internal adsorbent surface behavior of different pore sizes. Hence, meso-and macropores play an essential role in any adsorption case. Moreover, meso-and macropores adsorbents also may accumulate multilayer adsorption behavior. The dried macroporous resin's internal surface area contributes to the total specific surface area ranging from 80 up to more than 1200 m²/g (Table 2.8). Meanwhile, activated carbon's specific surface area ranges from 500 to 2000 m²/g [START_REF] Suhas | Ligninfrom natural adsorbent to activated carbon: A review[END_REF]. 

Particle size of adsorbents

The particle size of macroporous resins is also a parameter that should be considered to choose the suitable resins for adsorption efficiency. As listed in Table 2.8, the particle size of macroporous resins for phenolic compounds adsorption ranges from 200 to 1250 µm. These mean values are considered as suitable ranges values for phenolic compounds adsorbed and desorbed easily. This parameter can be controlled during the process of synthetic resin.

Surface polarity of adsorbents

This Ph.D. project addresses the chemical properties and recently reported applications of adsorptive macroporous resins (MAR). Nowadays, the non-ionic macroporous resins are usually constructed from SDVB or acrylic-ester-based polymers. Chemical structures of different resins are described in Figure 2.12. Based on the monomer's composition for macroporous resin structures, the resins' polarity may vary, ranging from strongly polar (with the functional group) to non-polar (nonfunctionalize), as listed in Table 2.8. The adsorption capacity of macroporous resin depends not only on the degree of polarity but also on the geometric structures. The ion-exchange resins are the polymer matrix or synthetic resins with a modified functional group or conjugate with the functional group.

Depending on the functional group of resin, these resins can act as strong or weak exchangers. Phenolic compounds were adsorbed onto the strong or weak anion, or cation exchange resins were also studied in the past [START_REF] Ku | Removal of Phenols from Aqueous Solutions by Purolite A-510 Resin[END_REF][START_REF] Li | Development of adsorptive (non-ionic) macroporous resins and their uses in the purification of pharmacologically-active natural products from plant sources[END_REF].

Figure 2.12. Chemical structures of SDVB (A) and acrylic resin (B)

Adsorption mechanisms and kinetics

Several factors can influence on adsorption capacity of resins, such as physical and chemical properties of resins and phenolic compounds, solutions, and interaction between adsorbents-adsorbates [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF]. Therefore, it is necessary to understand the adsorption mechanism to better predict the adsorption behavior onto macroporous resin of phenolic compounds. Before that, it is vital to determine the adsorption process's contact time to reach an equilibrium state [START_REF] Tran | Mistakes and inconsistencies regarding adsorption of contaminants from aqueous solutions: A critical review[END_REF]. The duration of contact time can vary from 30 min to several days. The contact time needs to reach a real equilibrium state of the adsorption process. The difference in duration might come from the different adsorption mechanisms of these porous resins.

In most cases, macroporous resins' adsorption mechanism is the pore filling and interaction between adsorbents and adsorbates such as hydrogen bonding force or π-π interaction. Furthermore, desorption for the targeted compounds' recovery after reaching adsorption equilibrium is also well investigated [START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. Hence, to identify the required equilibrium time and optimal contact time for the adsorption process, adsorption kinetics should be conducted.

There are three kinds of kinetic reaction models that have been widely reported in the literature to describe the adsorption process of phenolic compounds onto different MAR including pseudo-firstorder (PFO), pseudo-second-order (PSO), and intraparticle diffusion models as listed in XAD7 (moderately polar) and HP20 (non-polar) [START_REF] Idris | Purification of bioactive phenolics from Phanerochaete chysosporium biomass extract on selected macroporous resins[END_REF]L. Lin et al., 2012) qe and qt: adsorption capacity (mg/g) at equilibrium and at time t (min)

XAD-1 (non-polar) (X. [START_REF] Wang | Adsorption mechanism of phenolic compounds from aqueous solution on hypercrosslinked polymeric adsorbent[END_REF] k2: rate constant (g/mgmin) XAD-1180 (polystyrene-DVB) [START_REF] Sandhu | [END_REF]) NKA-II (polar) [START_REF] Stanford | Separation of sugars and phenolics from the heavy fraction of bio-oil using polymeric resin adsorbents[END_REF][START_REF] Sun | Simultaneous separation and purification of total polyphenols, chlorogenic acid and phlorizin from thinned young apples[END_REF]Z. Wang et al., 2017a) SP207 (Brominated polystyrene/ divinylbenzene) [START_REF] Stanford | Separation of sugars and phenolics from the heavy fraction of bio-oil using polymeric resin adsorbents[END_REF] AER 1 (Strongly basic anionexchanger) [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF] HP-20 (Nonpolar absorber resin) [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF]L. Lin et al., 2012) SP700 (Non-ionic polymer resin Sepabeads, PS-DVB copolymers) [START_REF] Conde | Recovery of phenols from autohydrolysis liquors of barley husks: Kinetic and equilibrium studies[END_REF] XAD-16 (polystyrene) (Dong et al., 2015a 2.6.5.1.

Intra-particle diffusion model

The intra-particle diffusion model is expressed (Table 2.10) according to Fick's second law [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF]. Intra particle diffusion model can provide useful information regarding adsorption mechanism, reaction pathways, and even predict the rate-controlling step. The adsorption of phenolic compounds from Alfalfa white proteins concentrate [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF], phenolics, and rosmarinic acid from Rabdosia serra (Maxim.) Hara leaf (L. [START_REF] Lin | Macroporous resin purification behavior of phenolics and rosmarinic acid from Rabdosia serra (MAXIM.) HARA leaf[END_REF] followed by intra-particle diffusion model has been reported recently (Table 2.3).

Pseudo-first-order model

This model was originated from the work was done by Lagergren [START_REF] Lagergren | About the Theory of So-Called Adsorption of Soluble Substances[END_REF] when they studied the adsorption behavior of oxalic acid and malonic acid onto the charcoal. Pseudo-first-order (PFO) model is expressed in non-linear and linear forms, as presented in Table 2.10. In literature, the PFO model can modulate many different adsorption behaviors of adsorbates onto adsorbents, including (i) adsorption process near to equilibrium; (ii) adsorption process with time-dependent solute concentration; (iii) adsorption isotherm is linear equilibrium state; and (iv) a complex mixtures systems [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF]. Adsorption of phenolic compounds onto different resins fitted well with PFO model has been reported (Y. [START_REF] Chen | Adsorption properties of macroporous adsorbent resins for separation of anthocyanins from mulberry[END_REF][START_REF] Gao | Adsorption isotherm, thermodynamics and kinetics studies of polyphenols separation from kiwifruit juice using adsorbent resin[END_REF][START_REF] Leyton | Purification of phlorotannins from Macrocystis pyrifera using macroporous resins[END_REF][START_REF] Sandhu | [END_REF].

pseudo-second-order model

Blanchard et al. [START_REF] Blanchard | Removal of heavy metals from waters by means of natural zeolites[END_REF] first presented Pseudo-second-order (PSO) model when they studied the adsorption of natural zeolites to remove heavy metals from water. The PSO equation is presented in Table 2.10. By comparing the calculated data with experimental data, the adsorption kinetics model can be determined. PSO can adequately describe the experimental kinetic data. PSO has been reported in most cases of adsorption of mixture phenolic compounds from natural sources as listed in Table 2.10. Several literature reports confirmed the phenolic compound's adsorption onto MAR followed by two or even three adsorption stages. Besides, most of the investigations presented in the literature indicated the phenol adsorption commonly describe by the PSO model. Some studies observed that phenolic compounds followed both PSO and intraparticle diffusion. In the past, adsorption of CGA and TPC from sunflower meal fitted well by PSO by XAD16 resin [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF]. Besides, the adsorption kinetics of CGA from other plant sources also found that it followed by PSO. The adsorption of chlorogenic acid from the extract of Eupatorium adenophorium Spreng (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF] onto NKA-II (polar) resin was also reported. The adsorption of other phenolic compounds or the mixture of phenolic compounds onto resins followed by PSO [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF]Guo, Guo, et al., 2018;[START_REF] Idris | Purification of bioactive phenolics from Phanerochaete chysosporium biomass extract on selected macroporous resins[END_REF][START_REF] Li | Mechanism of the protective effects of the combined treatment with rhynchophylla total alkaloids and sinapine thiocyanate against a prothrombotic state caused by vascular endothelial cell inflammatory damage[END_REF]L. Lin et al., 2012, p. 20;[START_REF] Sandhu | [END_REF]Z. Wang et al., 2017a). Several resins' adsorption system can be well described by both models, including intraparticle diffusion and pseudo-second-order was addressed [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF]L. Lin et al., 2012).

However, there was no literature regarding the adsorption kinetic of phenolic compounds in RSM onto macroporous resins to date. [START_REF] Foo | Insights into the modeling of adsorption isotherm systems[END_REF]. In general, adsorption isotherms can describe the adsorption equilibrium behaviors based on the diffusion of adsorbates from porous materials. The adsorption capacity at the equilibrium of resins measured by the mass balance equation:

𝑞 𝑒 = (𝐶 𝑜 -𝐶 𝑒 )𝑉 𝑊 (2.1)
where Co and Ce is the concentration of initial and at equilibrium state of solute (mg/L), respectively;

W is the mass of dried resin (g), and V is the isotherm solution volume (mL). qe is adsorption capacity at the equilibrium state of resin (mg/g).

Hence, at a constant temperature, the relationship between the equilibrium concentration (Ce) of solute and adsorption capacity at equilibrium state (qe) is determined by the adsorption isotherm.

Type of adsorption isotherms

According to IUPAC, there are five types of adsorption isotherms to describe the adsorption of adsorbates onto micro-and macro-porous adsorbents [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF] as shown in Figure 2.13. A communication on the applications of the five types of isotherms has been reported elsewhere [START_REF] Hamdaoui | Modeling of adsorption isotherms of phenol and chlorophenols onto granular activated carbonPart I. Two-parameter models and equations allowing determination of thermodynamic parameters[END_REF]. Type I isotherm: This model is used to describe the adsorption behavior contributed by microporous structure materials. This model is known as the Langmuir model. This isotherm is used to refer to homogeneous adsorption and monolayer adsorption, in which all sites of adsorbents have equal affinity for the adsorbates. Graphically, it is constructed by a plateau at the saturated status.

Type II isotherm: This model is used to characterize multilayer adsorption on macroporous structural materials. Point B in the graphic presents the monolayer adsorption status. Then, the multi-layer adsorption behavior starts to appear. Typically, the mixture of micro-and mesoporous material shows this type of graphic.

Type III and type IV isotherms: These models are typically used to describe the weak interaction between adsorbate-adsorbent and strong interaction between the molecules of adsorbates that form multi-layer adsorption behavior. Graphics show the convex shape at a high concentration of adsorbates solute. Micro-and meso-porous adsorbents present these isotherm models.

Type V isotherm: This model is used to describe the adsorption of mesoporous materials. The graphic shows the monolayer adsorption formation and the multilayer adsorption formation right after. The total pore volume controls the limit of adsorption.

Modelling techniques

Table 2.11 summarizes the equations, parameters involved, and a short description of several isotherms models used in the literature [START_REF] Ayawei | Modelling and Interpretation of Adsorption Isotherms[END_REF]. The two-parameter isotherm models are widely used to fit phenolic compounds' adsorption data [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF]. Henrry model is the simplest model to describe the adsorption of gas onto the solid surface. This model is suitable to fit adsorbates' adsorption data in a low concentration range [START_REF] Ruthven | Principles of Adsorption and Adsorption Processes[END_REF]. Two-parameter model:

Langmuir model was applied to describe gases' adsorption on a solid surface in the past [START_REF] Langmuir | A new adsorption isotherm[END_REF]. This model is also used frequently to estimate the adsorption mechanism and maximum adsorption capacity of macroporous resins in literature. These hypotheses construct the Langmuir model: i) adsorption is homogenous on MAR surface, ii) the affinity of solute in all the adsorption sites is equal, iii) no interaction between adsorbates and adsorbents site, iv) adsorption forms a monolayer on adsorbents surface. According to Bretage et al. [START_REF] Bretag | Evaluation of the adsorption behavior of flavonoids and phenolic acids onto a food-grade resin using a D-optimal design[END_REF], the adsorption of these molecules in the liquid phase is not the same, and the model based on monolayer on the surface of adsorbents without interaction cannot be realistic. The equation of the Langmuir model is presented in Table 2.11. Qmax is the maximum adsorption capacity of adsorbents when the surface sites reach the saturated state. According to [START_REF] Weber | Activated Carbon Adsorption: The State of the Art[END_REF], a separation factor (RL) can be illustrated as the equation:

𝑅 𝐿 = 1 1+𝐾 𝐿 𝐶 𝑜 (2)
where KL is the Langmuir constant, Co is the initial concentration of the adsorbates (mg/L), and RL is the dimensionless constant of the solid-liquid adsorption system. The RL value can be used to predict the isotherm graphical shape. The various shape of the isotherm model is summarized in Table 2.12. Table 2.12. Isotherm shapes and parameter value relationship (adapted from [START_REF] Worch | Adsorption Technology in Water Treatment: Fundamentals, Processes, and Modeling[END_REF]. [START_REF] Tran | Mistakes and inconsistencies regarding adsorption of contaminants from aqueous solutions: A critical review[END_REF]. Besides, it does not imply a monolayer on the surface of adsorbents. Therefore, this model is suitable for modeling the non-ideal adsorption systems.

Freundlich model can give a reasonable interpretation of data over concentration range restriction [START_REF] Dąbrowski | Adsorption of phenolic compounds by activated carbon-A critical review[END_REF].

Temkin model is a useful model to predict the gas phase equilibrium. However, the complex adsorption system, including the liquid phase, is not favorable [START_REF] Temkin | Recent modifications to Langmuir isotherms[END_REF]. In this isotherm model, the interaction between adsorbents and adsorbates is considered [START_REF] Aharoni | Kinetics of activated chemisorption. Part 2.Theoretical models[END_REF]. Therefore, this model hypothesizes that all adsorbates' adsorption temperature in the layer can decrease linearly with coverage.

Hill model used to describe the homogeneous adsorption behavior of the adsorbates onto the substrates. This model hypothesizes that the adsorption process is a co-operative system with ligands' binding capability at one site on the adsorbents. This phenomenon may affect different binding sites at the same adsorbents.

Three-parameter model:

Redlich-Peterson model is a combination of Langmuir and Freundlich isotherm models.

Therefore, this model can demonstrate either a homogeneous or heterogeneous adsorption system due to its versatility [START_REF] Redlich | A Useful Adsorption Isotherm[END_REF]. The equation of this model is described in Table 2.11.

There are three un-known parameters represented in this equation [START_REF] Prasad | Recent developments in preparation of activated carbons by microwave: Study of residual errors[END_REF]. This model can describe the adsorption equilibrium over a wide concentration range [START_REF] Hameed | Malachite green adsorption by rattan sawdust: Isotherm, kinetic and mechanism modeling[END_REF].

The Toth model is another equation developed from the Langmuir model [START_REF] Toth | State Equation of the Solid-Gas Interface Layers[END_REF] to reduce the error between experimental and predicted data, presented in Table 2.11. This model is an appropriate system to characterize the heterogeneous adsorption behavior that satisfied both the low and high-end boundary of solute concentration [START_REF] Padmesh | Application of Two-and Three-Parameter Isotherm Models: Biosorption of Acid Red 88 onto Azolla microphylla[END_REF]. The parameter n values can assume the adsorption characteristics of adsorbates onto adsorbents. If n = 1, the model is transformed into the Langmuir model. If the n value is far away from 1, the adsorption system is the heterogeneous system.

Toth isotherm model has been applied to model the several multi-layer and non-homogeneous systems in the literature [START_REF] Benzaoui | Adsorption of copper (II) ions from aqueous solution using bottom ash of expired drugs incineration[END_REF][START_REF] Koble | Adsorption isotherms for pure hydrocarbons[END_REF].

Sips model [START_REF] Sips | On the Structure of a Catalyst Surface[END_REF] is another model that expresses both models, including Langmuir and Freundlich models. Therefore, this model is ideal to describe either a homogeneous or heterogeneous system. When the adsorbate concentration is relatively low, the model is favorable for the Freundlich model (hetero-layer adsorption). On the contrary, when the adsorbate concentration is high enough, this model is the Langmuir model (monolayer adsorption [START_REF] Gunay | Application of nonlinear regression analysis for ammonium exchange by natural (Bigadiç) clinoptilolite[END_REF]. In particular, the Sips model parameters are controlled mainly by operational factors such as pH, temperature, and solute concentration (Pérez- [START_REF] Pérez-Marín | Removal of cadmium from aqueous solutions by adsorption onto orange waste[END_REF].

Brunaeur-Emmett-Teller (BET) model is mostly applied for physical adsorption of the gassolid surface with equation presented in Table 2.11. This model is developed to describe the multilayer adsorption systems with pressure ranging from 0.05 to 0.30 [START_REF] Foo | Insights into the modeling of adsorption isotherm systems[END_REF].

Applications

Langmuir, Freundlich, Redlich-Peterson, and Brunaeur-Emmett-Teller (BET) models are commonly used to describe phenolic compounds' adsorption behaviors in the previous studies and listed in Table 2.13. Among them, Langmuir and Freundlich's models are the most frequently used to assess different macroporous resins' adsorption process. [START_REF] Stanford | Separation of sugars and phenolics from the heavy fraction of bio-oil using polymeric resin adsorbents[END_REF] XAD4 (polystyrene/ divinylbenzene) Strongly basic anion-exchanger: AER 1 [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF] XAD-7HP (weak-polar) AB-8 (weak-polar) (Y. [START_REF] Chen | Adsorption properties of macroporous adsorbent resins for separation of anthocyanins from mulberry[END_REF][START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF]S. Wu et al., 2015a, p. 10) D101 (non-polar) (S. [START_REF] Wu | Adsorption and desorption properties of macroporous resins for flavonoids from the extract of Chinese wolfberry (Lycium barbarum L.)[END_REF] HP-20 (SDVB) XAD-7HP (acrylic ester) [START_REF] Idris | Purification of bioactive phenolics from Phanerochaete chysosporium biomass extract on selected macroporous resins[END_REF][START_REF] Kim | [END_REF]L. Lin et al., 2012;[START_REF] Sandhu | [END_REF]) FPX66 (Crosslinked aromatic polymer) XAD761 (Crosslinked aromatic polymer) [START_REF] Buran | Adsorption/desorption characteristics and separation of anthocyanins and polyphenols from blueberries using macroporous adsorbent resins[END_REF]Moreno-González et al., 2020;[START_REF] Sandhu | [END_REF] H-103 (nonpolar) (Chao et al., [START_REF] Chen | Adsorption kinetics, isotherm and thermodynamics studies of flavones from Vaccinium Bracteatum Thunb leaves on NKA-2 resin[END_REF]Guo, Guo, et al., 2018;Z. Wang et al., 2017a) Non-ionic polymer resin Sepabeads SP700 (PS-DVB copolymers) [START_REF] Conde | Recovery of phenols from autohydrolysis liquors of barley husks: Kinetic and equilibrium studies[END_REF] XAD-16 (polystyrene), SP-207 (Brominated-polystyrene), SP-825 (polystyrene) (Dong et al., 2015a;[START_REF] Yang | [END_REF] D101 (non-polar) (S. [START_REF] Wu | Adsorption and desorption properties of macroporous resins for flavonoids from the extract of Chinese wolfberry (Lycium barbarum L.)[END_REF] AB-8 (weak-polar) (L. [START_REF] Lin | Macroporous resin purification behavior of phenolics and rosmarinic acid from Rabdosia serra (MAXIM.) HARA leaf[END_REF]) HP-20 (polystyrene) XAD-7HP (acrylate) [START_REF] Bertin | Recovery of high added value natural polyphenols from actual olive mill wastewater through solid phase extraction[END_REF][START_REF] Idris | Purification of bioactive phenolics from Phanerochaete chysosporium biomass extract on selected macroporous resins[END_REF]L. Lin et al., 2012) ENV+ (hydroxylated polystyrenedivinylbenzene) [START_REF] Bertin | Recovery of high added value natural polyphenols from actual olive mill wastewater through solid phase extraction[END_REF] XAD-4 (Polystyrene-non polar) MX-4 (Acetyl group modified polystyrenemoderate polar) (A. [START_REF] Li | Adsorption of phenolic compounds on Amberlite XAD-4 and its acetylated derivative MX-4[END_REF] SDVB and acrylic ester [START_REF] Leyton | Purification of phlorotannins from Macrocystis pyrifera using macroporous resins[END_REF]Z. Wang et al., 2017a, p. 201) XAD-1 (Z. Wang et al., 2017a) Redlich-Peterson XAD-4 (Styrene-divinylbenzene) [START_REF] Bilgili | Adsorption of 4-chlorophenol from aqueous solutions by xad-4 resin: Isotherm, kinetic, and thermodynamic analysis[END_REF]) Hypercrosslinked polymer (X. [START_REF] Wang | Adsorption mechanism of phenolic compounds from aqueous solution on hypercrosslinked polymeric adsorbent[END_REF] Brunaeur-Emmett-Teller (BET)

Macroporous resin [START_REF] Juang | Adsorption isotherms of phenols from water onto macroreticular resins[END_REF] As listed in Table 2.13, the adsorption of phenolic compounds and natural compounds is mostly followed by the Langmuir model. In specific, the research of G. M. [START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF] observed that the adsorption of CGA and TPC in SFM was fitted with the Langmuir model. CGA and TPC's saturated adsorption capacity value onto XAD16HP resins was 42.7 and 181mg/g, respectively. Besides, in adsorption of sinapic acid in RSM onto XPF66 also fitted well by the Langmuir model with the adsorption capacity of sinapic acid being 63.53 mg/g resin (Moreno- González et al., 2020). The adsorption of phenolic compounds followed by the Langmuir model indicated that the physical adsorption was homogenous and reversible. Besides, the adsorption of phenolic compounds on HP20 (nonpolar, SDVB matrix) and H-103, X-5, D101, XAD4, and SP207 resins (Y. [START_REF] Chen | Adsorption properties of macroporous adsorbent resins for separation of anthocyanins from mulberry[END_REF][START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF]L. Lin et al., 2012;[START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF] followed by Langmuir model has been reported. Moreover, the polar resins (NKA-II, AER1, and ADS-21) and weak-polar resin (XAD7 and AB-8) found to fit with the Langmuir model isotherm in describing the adsorption behavior of phenolic compounds (Y. [START_REF] Chen | Adsorption properties of macroporous adsorbent resins for separation of anthocyanins from mulberry[END_REF][START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF]L. Lin et al., 2012;[START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF].

The adsorption of phenolic compounds on the non-polar resins (XAD1, XAD16, SP700, SP-207, SP-825, D101, HP20, XAD4) (Dong et al., 2015a;[START_REF] Leyton | Purification of phlorotannins from Macrocystis pyrifera using macroporous resins[END_REF][START_REF] Li | Adsorption of phenolic compounds on Amberlite XAD-4 and its acetylated derivative MX-4[END_REF][START_REF] Kim | [END_REF]Z. Wang et al., 2017a;[START_REF] Wu | Adsorption and desorption properties of macroporous resins for flavonoids from the extract of Chinese wolfberry (Lycium barbarum L.)[END_REF][START_REF] Yang | [END_REF], on the moderate-polar resins (XAD7, AB-8, MX-4) [START_REF] Idris | Purification of bioactive phenolics from Phanerochaete chysosporium biomass extract on selected macroporous resins[END_REF][START_REF] Leyton | Purification of phlorotannins from Macrocystis pyrifera using macroporous resins[END_REF][START_REF] Li | Adsorption of phenolic compounds on Amberlite XAD-4 and its acetylated derivative MX-4[END_REF]Z. Wang et al., 2017a), and on the polar resins (ENV+, MX-4, and NKA-II) [START_REF] Bertin | Recovery of high added value natural polyphenols from actual olive mill wastewater through solid phase extraction[END_REF][START_REF] Li | Adsorption of phenolic compounds on Amberlite XAD-4 and its acetylated derivative MX-4[END_REF] has been found. In particular, several resins, including XAD7, HP20, D101, XAD4, XAD16, and NKA-II, possess both Langmuir and Freundlich isotherm models in the literature.

Redlich-Peterson and BET isotherm models were found in the non-polar resins such as XAD4 (Juang & Shiau, 1999, p. 199;[START_REF] Wang | Adsorption mechanism of phenolic compounds from aqueous solution on hypercrosslinked polymeric adsorbent[END_REF]. However, these models were not used to fit the experimental data of adsorption systems in most cases.

Adsorption capacity

The adsorption capacity of adsorbates onto one unit of mass of adsorbents is defined by equation one above. The adsorption capacity of resins depends on several factors [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF].

The maximum adsorption capacities of phenolic compounds from different natural sources onto macroporous resins have been well documented [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF]. The qmax values were recently reported for adsorption capacity for a mixture of phenolic compounds extracts. Also, the adsorption capacity of free phenolic compounds is summarized in Table 2.14. 5.9114-5.9253 In this table, the polarity of resins ranging from non-polar to strongly polar was considered to capture phenolic compounds in solute extractions. Notably, the adsorption capacity of sinapic acid onto non-polar resins is up to 102.6 mg/g in canola/ rapeseed meal extract (Moreno- González et al., 2020).

Adsorption of chlorogenic acid (CGA) in mixture solutions being 2.38 mg/g onto non-polar resins has also been proposed by [START_REF] Kammerer | Adsorptive recovery of phenolic compounds from apple juice[END_REF]. Meanwhile, with polar resins, CGA adsorbed up to 62.47 mg/g in the research of Boyan [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF].

Adsorption thermodynamics

Thermodynamic parameters determination helps us predict molecules' adsorption mechanism onto macroporous resins such as physical or chemical reactions. The thermodynamic parameters can be calculated using the following equation:

∆G = -RT ln Keq (2.2)
where ΔG (J/ mol) is the Gibbs energy change, lnKeq is the natural logarithm of the constant of adsorption equilibrium (Keq), R is the universal gas constant (8.3144 J/ (molK) and T is the Kelvin (K) temperature.

Enthalpy and entropy variations can be obtained from the slope and intercept of the linear plot lnKeq vs.

1/T according to the linear form of Clausius-Clapeyron Eq. 2.3: 2.3) where: ΔH is the enthalpy change (J/ mol), ΔS is entropy change (J/ mol).

ln Keq = - ∆H RT + ∆S R ( 
The negative value of ∆G indicates that the adsorption process of phenolic compounds is feasible and spontaneous. Furthermore, the absolute value can evaluate the driving force of phenolic adsorption [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF]. Besides, a positive of ΔS value indicating the adsorption of adsorbates onto adsorbents interface is random. The phenolic compound's physical adsorption onto cross-linked styrene-divinylbenzene (SDVB) polymeric resins has been revealed elsewhere (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF]. Positive ΔH value (calculated by Eq.2.

3) suggests the adsorption process is endothermic. Endothermic adsorption was reported for natural molecules onto polymeric resins adsorption (Guo, Guo, et al., 2018). Some other endothermic adsorption processes are the compounds from apple extract onto macroporous resins [START_REF] Gökmen | Equilibrium and kinetic studies on the adsorption of dark colored compounds from apple juice using adsorbent resin[END_REF] and rutin compounds onto polymeric resins [START_REF] Bretag | Evaluation of the adsorption behavior of flavonoids and phenolic acids onto a food-grade resin using a D-optimal design[END_REF]. Whereas, negative ΔH value indicates exothermic adsorption.

Almost all the adsorption of phenolic compounds onto macroporous resins in literature are exothermic processes (X. [START_REF] Wang | Adsorption mechanism of phenolic compounds from aqueous solution on hypercrosslinked polymeric adsorbent[END_REF]. Exothermic adsorption was also observed for catechins (J.-L. [START_REF] Lu | Decaffeination of tea extracts by using poly(acrylamide-co-ethylene glycol dimethylacrylate) as adsorbent[END_REF], puerarin, and other phenolic compounds (Y. [START_REF] Li | Adsorption of Myricetrin, Puerarin, Naringin, Rutin, and Neohesperidin Dihydrochalcone Flavonoids on Macroporous Resins[END_REF] onto polymeric resins.

Desorption of adsorbents

Solvent regeneration

Several eluent solutions are used for the recovery of phenolic compounds from polymeric resins up to date. Table 2.15 represents several examples to obtain targeted phenolic compounds after adsorption onto different resins have been reported recently in the literature [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF]. The solvent regeneration methods show several advantages such as lower energy requirement, ease of implementation, and also enables recovery of adsorbents. Therefore, this method is used widely in the literature to recover phenolic compounds from macroporous resins after the adsorption process. One of the advantages of using macroporous resins for the adsorption/ recovery of phenolic compounds from plant extracts is desorption. This feature of MARs can lead to economic values.

Almost all cases of phenolic adsorption onto crosslink polymeric resins followed physical adsorption.

Physical adsorption is reversible because it implies the Van der Waals forces, hydrogen bonding force, and π-π stacking interaction between aromatic rings of phenolic compounds and polymeric resin backbone. In the past, polymeric resin's desorption of phenolic compounds using vapor pressure has been investigated [START_REF] Hararah | Removal of phenol from aqueous solutions by adsorption onto polymeric adsorbents[END_REF]. The effect of ultra-sound on adsorption and desorption of phenolic compounds on polymeric resins has been also reported [START_REF] Schueller | Ultrasound Enhanced Adsorption and Desorption of Phenol on Activated Carbon and Polymeric Resin[END_REF]. However, using organic solvents such as methanol, ethanol, and iso-propanol has been widely proposed for macroporous resins' regeneration regarding the microwave heating method. This is because it requires lower energy, it is more easy to recover phenolic compounds with high purity, and macroporous resins can be re-used. Some examples of desorption of phenolic compounds using organic solvent for phenolic recovery are shown in Table 2.15.

One solvent regeneration that has been used to desorb is acetone (S.-H. [START_REF] Lin | Adsorption of phenol and its derivatives from water using synthetic resins and low-cost natural adsorbents: A review[END_REF].

Besides, iso-propanol was observed to be rapid, efficient, with high recovery rates elution in desorption of CGA and TPC in SFM extract [START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. However, these solvents, including acetone and iso-propanol, are less used nowadays for phenolic desorption due to their toxicity in humans.

Methanol also was used to elute grape phenolics (J. A. [START_REF] Cardona | Color and Polyphenolic Stability in Extracts Produced from Muscadine Grape (Vitis rotundifolia) Pomace[END_REF], sunflower phenolics [START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF], and acidic apple pomace extract [START_REF] Schieber | A new process for the combined recovery of pectin and phenolic compounds from apple pomace[END_REF]. Moreover, methanol solutions (pure or in mixture with water) were also proposed to select the best one since they influence polarity, and then it can affect of desorption ratio of macroporous resins. In literature, the aqueous methanol concentration ranging from 50-80% (v/v) was a better desorption solution [START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. Nevertheless, methanol application as a desorbed eluent would require particular safety precautions due to toxicity for human health.

Thus, the most common solvent used in literature in the past decades for polyphenols desorption from macroporous resins is an ethanol solution (absolute or in water) due to its eco-friendly environmental properties and it being less toxic. Some examples of using methanol aqueous in desorption of tea phenolics (J. A. [START_REF] Cardona | Color and Polyphenolic Stability in Extracts Produced from Muscadine Grape (Vitis rotundifolia) Pomace[END_REF], sunflower polyphenols [START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF], and rapeseed phenolics (Moreno-Castilla, 2004) from polymeric resins have been proposed (for more information and other sources, consults Table 2.15). Compared with methanolic desorption, ethanolic desorption concentration ranged 68-80% (v/v) showed a better phenolic recovery [START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF].

According to Monica Moreno-Gonzalez et al. (Moreno-González et al., 2020), the effective desorption of sinapic acid in RSM extract was observed with 70% (v/v) ethanol solution in water.

Other techniques for desorption

Other recovery techniques of phenolic compounds from adsorbent are thermal regeneration and microwave heating [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF].

Thermal processing does not completely desorb all phenolic compounds adsorbed onto adsorbents such as activated carbons. Moreover, this technique can damage the pores of activated carbons. The thermal process is commonly adaptable for zeolites, proposed by several authors (A. [START_REF] Fungaro | Surfactant Modified Zeolite from Cyclone Ash as Adsorbent for Removal of Reactive Orange 16 from Aqueous Solution[END_REF][START_REF] Blanchard | Removal of heavy metals from waters by means of natural zeolites[END_REF]. However, the conventional thermal process requires high energy, long duration, and strict heating rate control.

Microwave application for polymeric resins' desorption of phenolic compounds has been reported elsewhere [START_REF] Hararah | Removal of phenol from aqueous solutions by adsorption onto polymeric adsorbents[END_REF]. Because the microwave-based technique needs lower temperature, quick and easy temperature control, this method is more widely used to desorb molecules after adsorption. Ultrasound can enhance the mass-transfer. The effects of ultrasound on the adsorption/ desorption of phenolic compounds have been investigated [START_REF] Breitbach | Effect of Ultrasound on Adsorption and Desorption Processes[END_REF][START_REF] Li | High Performance Liquid Chromatography of Phenolic Choline Ester Fragments Derived by Chemical and Enzymatic Fragmentation Processes: Analysis of Sinapine in Rape Seed[END_REF][START_REF] Schueller | Ultrasound Enhanced Adsorption and Desorption of Phenol on Activated Carbon and Polymeric Resin[END_REF].

Both methods for desorption have been investigated so far. However, it shows several drawbacks. Therefore, these methods are not widely used to recover targeted compounds in the literature.

Operational parameters influencing adsorption and desorption

Several factors can influence adsorption capacity, including physical features of adsorptive macroporous resins (pore diameters, particles size, and specific surface area), characteristics of phenolic compounds (functional group, polarity, solubility, ionic charge, molecular weight, size, and pKa), conditions of solution (pH, temperature, solvent, ionic strength, concentration), and solid-liquid surface interactions [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF].

Adsorption interaction types between phenolic compounds-macroporous resins

Adsorption of phenolic compounds onto macroporous resins is a physical adsorption process.

This phenomenon is complex between multiple forces interactions, including π-π stacking interactions, hydrogen-bonding interactions, and hydrophobic-hydrophobic interactions. Understanding the interactions between phenolic compounds and macroporous resins is very important because it relates to macroporous resins' selectivity. As a result, we can use different techniques to improve the targeted compounds' separation and purification.

π-π dispersion interactions

The π-π stacking interaction is the predominant type of interaction of adsorbates-adsorbents.

Phenolic compounds structure contains at least one aromatic ring, which is rich in electrons.

Additionally, the styrene-divinylbenzene (SDVB) resin backbone also composes many electrons in benzene rings and delocalized π electrons in the resins' basal planes [START_REF] Pompeu | Equilibria, Kinetics, and Mechanisms for the Adsorption of Four Classes of Phenolic Compounds onto Synthetic Resins[END_REF]. This interaction is based on the dispersion forces that originated from electrons' mutual correlation. Figure 2.14A represents the π-π interaction type between phenolic compounds-macroporous resins. 

(A) (B)
R the π electrons in the basal planes. Consequently, the adsorption potential of resins is affected. This phenomenon was observed by the study of L. Firdaous et al. [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF]. Not only the Ambelite XAD resins showed π-π stacking interactions, but also the other resins such as EXA118 and EXA90 had a π-π interaction with caffeic acid, ferulic acid, catechin, and rutin [START_REF] Pompeu | Equilibria, Kinetics, and Mechanisms for the Adsorption of Four Classes of Phenolic Compounds onto Synthetic Resins[END_REF].

Hydrogen bonding force interaction

The hydrogen-bonding force interaction between phenolic compounds and resins (acrylic resin) was illustrated in Figure 2.14B [START_REF] Pompeu | Equilibria, Kinetics, and Mechanisms for the Adsorption of Four Classes of Phenolic Compounds onto Synthetic Resins[END_REF]. Gallic acid possesses a hydrogen bonding interaction with the carbonyl group of acrylic resin (XAD7) has been found by Darly R. Pompeu et al. [START_REF] Pompeu | Equilibria, Kinetics, and Mechanisms for the Adsorption of Four Classes of Phenolic Compounds onto Synthetic Resins[END_REF]. In this case, the hydroxyl group of phenolic acid plays as a hydrogen-bonding acceptor. Meanwhile, the carbonyl groups from XAD7 resins are the hydrogen-bonding donor. Phenolic acid and water molecules in solution have a hydrogen-bonding interaction with macroporous resins that should be considered in adsorption studies. Water (H-OH) molecules can be adsorbed on adsorbents' surface in oxygen groups' presence by hydrogen bonding force interactions. Therefore, this phenomenon can make obstacles for phenolic compounds adsorption because some activated sites of adsorbents are occupied and can no longer adsorb phenolic compounds. Thereby, the adsorbed water molecules can block the entry of adsorbates molecules transport to pore wall or pore surface, which cause a decrease in the adsorption efficiency of adsorbents [START_REF] Franz | Effect of chemical surface heterogeneity on the adsorption mechanism of dissolved aromatics on activated carbon[END_REF][START_REF] Pan | Adsorptive removal of phenol from aqueous phase by using a porous acrylic ester polymer[END_REF].

Hydrophobic-hydrophobic interaction

Hydrophobic-hydrophobic interaction between phenolic compounds and macroporous resins was also mentioned in the study of Darly R. [START_REF] Pompeu | Equilibria, Kinetics, and Mechanisms for the Adsorption of Four Classes of Phenolic Compounds onto Synthetic Resins[END_REF]. There is an interaction between the resin matrix's hydrophobic phenyl ring and the aromatic rings of phenolic compounds.

Therefore, this interaction can also affect the adsorption capacity of resins.

Factors influencing adsorption and desorption

Several factors that affect the whole adsorption/ desorption process should be known to achieve a high recovery ratio and high purity of desirable compounds.

Influence of properties of the adsorbents

Pore size and specific surface area

Specific surface area and pore size are two key parameters influencing the adsorption/ desorption process (J. [START_REF] Li | Characterization and evaluation of a macroporous adsorbent for possible use in the expanded bed adsorption of flavonoids from Ginkgo biloba L[END_REF]. In general, the smaller pore diameter values, the higher surface area observed. Both parameters strongly affect their adsorption capacity. In particular, pore size can play an essential role in retaining the targeted compounds due to adsorbates molecules being able to enter or leave the adsorbent particles during the adsorption system. The optimal ratio of pore diameter to the particle size was found ranging from 2 to 6 (Slejko, Frank L., ed., 1985) for the adsorption related in using macroporous resins. With small pore diameter, it can induce diffusional limitations by steric hindrance (Z. [START_REF] Xu | Adsorption of naphthalene derivatives on hypercrosslinked polymeric adsorbents[END_REF][START_REF] Yang | [END_REF]. Thereby, the adsorbates are challenging to transport from the bulk aqueous solution into the pores of particles. On the contrary, with a large pore diameter, the adsorbed molecules can leave again because of the reversible adsorption process. Moreover, when the pore diameter is large, the surface area of the particle would be small. Therefore, there is no doubt that the pore size and surface area can influence the adsorption capacity of adsorbents.

Particle size

The particle size of adsorbents can greatly influence the adsorption rate in terms of intraparticle diffusion study [START_REF] Ahmaruzzaman | Adsorption of phenolic compounds on low-cost adsorbents: A review[END_REF]. Indeed, if the particle size of macroporous resins is small it would cause an increase in the surface area. Thanks to that, the adsorption of phenolic compounds onto the outer surface of macroporous resins would increase. Besides, particle diffusion from the external surface into the pores of resins is also possible. On the contrary, the if resins' particle size is too large, it will result in more excellent diffusional resistance to mass transfer. Due to this factor, most of the macroporous resins particle's internal part may be unutilized for adsorption. As a consequence, the adsorption efficiency might be low.

2.8.2.2.

Influence of nature of the adsorbates

Substituent groups

Substituent groups in aromatic rings of the phenolic compound can define the electron donoracceptor status. The effect of electron donor-acceptor substituents groups from phenolic compounds is an essential factor in adsorption capacity. Because it can contribute to π-π interaction between adsorbates and adsorbents. If the benzene ring attaches to the electron-withdrawing groups (such as - [START_REF] Liu | Adsorption isotherm, kinetic and mechanism studies of some substituted phenols on activated carbon fibers[END_REF] found that this effect plays a vital role in the adsorption of phenolic compounds on adsorbents.

Molecular weight and size

Molecular structures and size also have impacts on the adsorption. The adsorbates with the appropriate size would be adsorbed easier since they have more spaces on the surface, and they can diffuse into the pore of adsorbents. However, if the molecules' size is large, adsorbates' movement into the pores would be strenuous because of their steric. The effect of adsorbate molecules on the adsorption potential of D-101 and AB-8 resins were studied by Lisha Xi et al. [START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF] and Boyan Lin et al. (B. Liu et al., 2016), and Songhai [START_REF] Wu | Adsorption and desorption properties of macroporous resins for flavonoids from the extract of Chinese wolfberry (Lycium barbarum L.)[END_REF]. The molecular diameter of flavonoid and glycoside in these studies can be determined around 2nm. The pore diameter of D-101 ranges from 9 to 30nm, and the pore diameter of AB-8 ranges from 13-14nm. The pore diameter of both resins is about 4.5 up to 7 times the flavonoid and glycosides diameter. Therefore, D-101 and AB-8 resins were used to purify flavonoids and glycosides, as in their reports.

Water solubility and polarity

The polarity and water solubility of phenolic compounds are essential factors involved in the adsorption process. There is no doubt that the more solubility in water, the lower the adsorption capacity.

Typically, the solubility of adsorbates related to their polarity degree. The more polarized phenolic compounds, the higher solubility in a polar solution (water, for instance). The adsorption capacities of phenolic compounds depend on water solubility [START_REF] Moreno-Castilla | Adsorption of some substituted phenols on activated carbons from a bituminous coal[END_REF]. In this report, the adsorption capacity of phenolic compounds increases with the decrease in their water solubility.

Hydrophobicity

Hydrophobic-hydrophobic interaction between aromatic rings of phenolic compounds with phenyl groups of macroporous resins was found to attribute phenols' adsorption capacity [START_REF] Moreno-Castilla | Adsorption of organic molecules from aqueous solutions on carbon materials[END_REF]). The adsorbates with higher hydrophobicity possess a stronger tendency to be adsorbed onto non-polar macroporous resins surface. Therefore, the hydrophobic compounds are more captured comparing to the hydrophilic ones.

Influence of solution conditions

Ionic strength and pH solution

Ionic strength and pH aqueous solution are the key factors affecting the adsorption of phenolic compounds [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF]. Modification of pH values can lead to the transformation of chemical characteristics of adsorbates and adsorbents in case of ion exchange resins. If the solution is too acidic or alkali, adsorbates' chemical features are changed due to ion charged formation. These effects can cause significant alterations in the adsorption system [START_REF] Garcia | Photocatalytic degradation of imazaquin in an aqueous suspension of titanium dioxide[END_REF]. In the presence of functional groups, the adsorption capacity depends on the interaction with the water of adsorbates/ adsorbents [START_REF] Contescu | Acid buffering capacity of basic carbons revealed by their continuous pK distribution[END_REF][START_REF] Xia | Impact of Pretreatments on the Selectivity of Carbon for NO x Adsorption/Reduction[END_REF]. The ionic of phenolate ion can be expressed as equation according to [START_REF] Banat | Adsorption of phenol by bentonite[END_REF]: (2.4) According to this equation, at pH < pKa, the adsorbates are in the protonated form (positive charge), while adsorbates are in the deprotonated form (negative charge) at pH > pKa. Therefore, the adsorption capacity is enhanced at the solution's acidic pH due to increasing phenolic compounds uptake [START_REF] Dąbrowski | Adsorption of phenolic compounds by activated carbon-A critical review[END_REF]. On the contrary, at alkaline pH value, the adsorption decreases owing to carboxyl groups and hydroxyl groups dissociation which has been reported recently (B. [START_REF] Fu | The application of macroporous resins in the separation of licorice flavonoids and glycyrrhizic acid[END_REF].

Φ 𝑖𝑜𝑛 = 1 1 + 10 𝑝𝐾 𝑎 -𝑝𝐻
In particular, there is no pH influence in the acidic range of phenolic compounds adsorption on resins, which has also been published elsewhere [START_REF] Scordino | Adsorption of Flavonoids on Resins: Hesperidin[END_REF][START_REF] Scordino | Adsorption of Flavonoids on Resins: Cyanidin 3-Glucoside[END_REF][START_REF] Silva | Optimisation of the adsorption of polyphenols from Inga edulis leaves on macroporous resins using an experimental design methodology[END_REF].

Temperature

The temperature of the given solution adsorption also can affect adsorption and desorption capacity. The solvent temperature can increase the circulation rate across from the external boundary layer to within the pores due to the decreased solution viscosity (Figure. 2.8). Temperature can positively influence [START_REF] Garcia | Photocatalytic degradation of imazaquin in an aqueous suspension of titanium dioxide[END_REF][START_REF] Gökmen | Equilibrium and kinetic studies on the adsorption of dark colored compounds from apple juice using adsorbent resin[END_REF] and negatively [START_REF] Juang | Adsorption isotherms of phenols from water onto macroreticular resins[END_REF][START_REF] Ku | Removal of phenols from aqueous solution by XAD-4 resin[END_REF] adsorption-desorption capacity for resins. Besides, the temperature of solvent affects the adsorption of water and affects the hydration degree of the phenolic compound molecules as reported by Dabrowski et al. (Dąbrowski et al., 2005). The negative effect of high temperatures on the adsorption of phenolic compounds on resins is expected because most cases of adsorption systems are physical adsorption and exothermic behavior [START_REF] Catena | Thermodynamic study on the effects of .beta.-cyclodextrin inclusion with anilinonaphthalenesulfonates[END_REF]. However, in some cases, higher temperatures were favorable for the adsorption process, but no influence was observed on acrylic resins [START_REF] Scordino | Adsorption of Flavonoids on Resins: Hesperidin[END_REF]. The temperature did not significantly affect adsorption and desorption processes (D. [START_REF] Kammerer | Recovery of anthocyanins from grape pomace extracts (Vitis vinifera L. cv. Cabernet Mitos) using a polymeric adsorber resin[END_REF].

Besides, the solvent's temperature can change the adsorbents' capacity [START_REF] Soto | Recovery, concentration and purification of phenolic compounds by adsorption: A review[END_REF] because the adsorbents are strongly heterogeneous surfaces. This characteristic of adsorbents comes from geometrical and chemical properties. The differences in size and shape of pores can cause geometrical heterogeneity. Additionally, the difference of functional groups at a surface of particles and various surface contaminants can lead to chemical heterogeneity. Geometrical and chemical heterogeneity can define the adsorption/ desorption of adsorbents that have been reported by [START_REF] Pan | Adsorptive removal of phenol from aqueous phase by using a porous acrylic ester polymer[END_REF]. The effect of chemical composition on phenolic compounds' adsorption decreases at high temperatures, and the geometrical property can determine phenolic compounds' adsorption capacity.

Addition of inorganic salts

Inorganic salts, such as sodium chloride (NaCl), influence the adsorption of phenolic compounds onto activated carbons as reported elsewhere [START_REF] Halhouli | Effects of pH and Inorganic Salts on the Adsorption of Phenol from Aqueous Systems on Activated Decolorizing Charcoal[END_REF]. This study showed that the presence of salts had a slight effect on the phenolic compounds' absorbability. The presence of these ions (Na + and Cl -) may block the active sites of adsorbents surface, hence, that can cause deactivation of the adsorbents towards the adsorbates molecules [START_REF] Kamble | Defluoridation of drinking water using chitin, chitosan and lanthanum-modified chitosan[END_REF]. Yasuji Ihara [START_REF] Ihara | Effect of inorganic salt on adsorption of sodium alkyl sulfates and fatty acid sodium salts from aqueous solution onto ion exchange resins[END_REF] studied inorganic salts' influences on the adsorption amount of sodium alkyl sulfates and fatty acid sodium salts onto ion exchange resins. They found that the amount of adsorption decreased with sodium chloride, compared to the absence of salts. The adsorption capacity of these compounds almost unchanged at high concentrations of NaCl. Therefore, inorganic salts in the adsorptive solution can harm the adsorption behavior of adsorbates-adsorbents.

On the other hand, [START_REF] Tang | Adsorption of p-nitrophenol from aqueous solutions onto activated carbon fiber[END_REF] observed that phenolic compounds' equilibrium adsorption increased with increasing the sodium chloride in the solution. This observed phenomenon can be explained by the interactions between water molecules-ions and adsorbates-ions in a complex solution. A robust electrostatic environment attracted to water molecules formed around these ions. Therefore, it causes to strengthens the hydrophobicity level of adsorbates in the other direction [START_REF] Arafat | Effect of Salt on the Mechanism of Adsorption of Aromatics on Activated Carbon[END_REF], which is favorable for the adsorption process. Overall, there is no clear general conclusion on inorganic salts effects found.

The presence of molecular oxygen

The adsorption of phenolic compounds presented surface oxygen-containing groups affected by the water molecules adsorption, dispersive and or repulsive interactions, hydrogen-bonding force, and donor-acceptor electrons interactions [START_REF] Franz | Effect of chemical surface heterogeneity on the adsorption mechanism of dissolved aromatics on activated carbon[END_REF]. However, the effect of oxygen atoms on phenolic compounds' adsorption onto resins has been moderately observed [START_REF] Phenrat | Stabilization of aqueous nanoscale zerovalent iron dispersions by anionic polyelectrolytes: Adsorbed anionic polyelectrolyte layer properties and their effect on aggregation and sedimentation[END_REF].

Competitive adsorption molecules

Understanding the competitive effects of various organic molecules in solute adsorption is vital to expect adsorbates/adsorbents' adsorption capacity. Because adsorption from the multicomponent solution is a relatively complex system, especially in many individual components (D. R. [START_REF] Kammerer | Adsorptive recovery of phenolic compounds from apple juice[END_REF][START_REF] Silva | Optimisation of the adsorption of polyphenols from Inga edulis leaves on macroporous resins using an experimental design methodology[END_REF]. Many factors affect the adsorption equilibria, including the chemical structures of adsorbates/ adsorbents, the energetic heterogeneity of adsorbents, and the differences in the physicochemical properties adsorbates been taken into consideration in adsorption studies (Q. [START_REF] Lu | The effect of functional groups on oligomerization of phenolics on activated carbon[END_REF]. There are two mechanisms to describe the competitive adsorption system. Those are location competition and pore blockage (Y. [START_REF] Li | Photocatalytic production of hydrogen in single component and mixture systems of electron donors and monitoring adsorption of donors by in situ infrared spectroscopy[END_REF]. If the competitors possess a size comparable to that of the phenolic compounds, the adsorption capacity of targeted adsorbates molecules decreases due to site competition (W. [START_REF] Yang | Importance of Surface Area and Pore Size Distribution of Resin for Organic Toxicants Adsorption[END_REF]. Another side, the interactions between adsorbates may enhance the adsorption capacity of several adsorbates. However, the partial desorption process also coincides with high solute concentration [START_REF] Garcia | Photocatalytic degradation of imazaquin in an aqueous suspension of titanium dioxide[END_REF].

Column study

Batch adsorption can give us the adsorption equilibrium data. The adsorbents should be packed into a column to make the adsorption process more efficient (Moreno- González et al., 2020;[START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. These data are used to predict the dynamic adsorption capacity data, achieve high yields of targeted compounds and give useful information for scale-up. Studies on the adsorption/ desorption and dynamic adsorption of macroporous resins in the column have been investigated by many researchers (L. [START_REF] Lin | Macroporous resin purification behavior of phenolics and rosmarinic acid from Rabdosia serra (MAXIM.) HARA leaf[END_REF][START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF].

Dynamic behavior of fixed-bed reactor adsorption systems

According to Walter J. Weber and Jr. Edward H. Smith [START_REF] Weber | Simulation and design models for adsorption processes[END_REF], the adsorption equilibrium and dynamics can be achieved by constructing breakthrough curves. The breakthrough curve also provides useful information to the design and operation of fixed-beds columns, enabling a desirable amount of targeted compounds after purification. (Adapted with modification from Weber, W. J., Jr., Smith, E. H. [START_REF] Weber | Simulation and design models for adsorption processes[END_REF].

The breakthrough curve of dynamic adsorption can be constructed by the solute outlet concentration ratio to the solute inlet concentration, represented in Figure 2.15B. Two parameters that can contribute to the breakthrough curve characteristic are the effluent concentration of solute and flow rate [START_REF] Weber | Simulation and design models for adsorption processes[END_REF]. The break-point, operating limit, and total exhaustion points can also be observed. Dynamic adsorption reaches an equilibrium state when C/Co equal to 1. Several factors affect the dynamic adsorption, including the physical and chemical properties of adsorbates/ adsorbents, the bed's depth, and flow velocity [START_REF] Weber | Simulation and design models for adsorption processes[END_REF]. The break-point of phenolic compounds adsorption from natural sources onto resins can be defined by the ratio of C/Co equal to 0.1, 0.01, or 0.05 [START_REF] Abburi | Adsorption of phenol and p-chlorophenol from their single and bisolute aqueous solutions on Amberlite XAD-16 resin[END_REF][START_REF] Pan | Adsorptive removal of phenol from aqueous phase by using a porous acrylic ester polymer[END_REF][START_REF] Rodrigues | Modeling and optimization of laboratory-scale conditioning of Jatropha curcas L. seeds for oil expression[END_REF][START_REF] Zabkova | Separation of synthetic vanillin at different pH onto polymeric adsorbent Sephabeads SP206[END_REF]. Phenolic compounds from food or by-products of protein extract also can be selectively separated using resins packed column (J.-L. [START_REF] Lu | Decaffeination of tea extracts by using poly(acrylamide-co-ethylene glycol dimethylacrylate) as adsorbent[END_REF][START_REF] Scordino | Adsorption of Flavonoids on Resins: Cyanidin 3-Glucoside[END_REF][START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF]. A sequence of desorption-washing was conducted after dynamic adsorption of adsorbates reach a saturated point using an organic solvent (normally ethanol 30-90%, v/v with phenolic compounds) to obtain the fractionated elution of the targeted compounds [START_REF] Aehle | Development and evaluation of an enriched natural antioxidant preparation obtained from aqueous spinach (Spinacia oleracea) extracts by an adsorption procedure[END_REF].

Mathematical modeling

The mathematical modeling is used to characterize the adsorption equilibrium dynamic behavior [START_REF] Weber | Simulation and design models for adsorption processes[END_REF]. This model can depict the equilibrium capacity or adsorption isotherm of adsorbates/ adsorbents. The uptake of adsorbates within adsorbents is governed by resistance to mass transport rather than reaction velocity. The diffusion of adsorbates molecules into the pore walls of macroporous adsorbents is presented in Figure 2.8. The adsorption model is determined based on the thermodynamic principle of continuous mass. The continuous mass leads to the mass balance of individual components in liquid-solid phases and is defined by the equation [START_REF] Weber | Simulation and design models for adsorption processes[END_REF]:

𝑀𝑎𝑠𝑠 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑐ℎ𝑎𝑛𝑔𝑒 = 𝑀𝑎𝑠𝑠 𝑓𝑙𝑢𝑥 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑖𝑛𝑝𝑢𝑡 - 𝑀𝑎𝑠𝑠 𝑓𝑙𝑢𝑥 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑜𝑢𝑡𝑝𝑢𝑡 ± 𝑀𝑎𝑠𝑠 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑎𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 (2.6)
The flux of component input/ output can include bulk flow, dispersive flow, and molecular diffusion.

Therefore, it is crucial to accurately determine the appropriate mathematical model to predict conditions to reach equilibrium adsorption states accurately.

Application in separation and phenolic purification compounds

2.10.1.

Removal of phenolic compounds from industrial wastewaters

Food processing wastes contain the bioactive phenolic compounds that need to be removed due to their toxicity and anti-nutritional properties. It has been reported that adsorption onto macroporous resins is widely used to remove phenolic compounds from wastewater [START_REF] Ahmed | Removal and Recovery of Phenol From Phenolic Wastewater Via Ion Exchange and Polymeric Resins[END_REF]. Ion-exchange resins are also used to separate and recover phenolic compounds from olive mill wastewater [START_REF] Al-Malah | Olive mills effluent (OME) wastewater post-treatment using activated clay[END_REF].

Purification of bioactive phenolic compounds

Macroporous resins are used widely in the separation, purification, and recovery of bioactive phenolic compounds from natural sources extracts based on the adsorption/ desorption principle.

Synthetic resins have been applied to purify phenolic compounds from leaves (J. [START_REF] Li | Characterization and evaluation of a macroporous adsorbent for possible use in the expanded bed adsorption of flavonoids from Ginkgo biloba L[END_REF][START_REF] Silva | Optimisation of the adsorption of polyphenols from Inga edulis leaves on macroporous resins using an experimental design methodology[END_REF][START_REF] Xu | Interactions between canola proteins and phenolic compounds in aqueous media[END_REF], by-products of citrus [START_REF] Doner | Binding of flavonoids by polyvinylpolypyrrolidone[END_REF], and cacao (K. H. [START_REF] Kim | Extraction and fractionation of glucosyltransferase inhibitors from cacao bean husk[END_REF]. Anthocyanins from grape pomace also have been purified by adsorption onto resins (D. [START_REF] Kammerer | Recovery of anthocyanins from grape pomace extracts (Vitis vinifera L. cv. Cabernet Mitos) using a polymeric adsorber resin[END_REF]. Many phenolic compounds have been separated and recovered using macroporous resins from different natural sources listed in Table 2.7. Especially, [START_REF] Zhang | Separation of chlorogenic acid from honeysuckle crude extracts by macroporous resins[END_REF] developed an efficient way to enrich chlorogenic acid (CGA) from crude honeysuckle extract using macroporous resins. Nine different MAR include HPD-300, HPC-450, HPD-700, HPD-750, HPD-850, X-5, AB-8, and NKA-II resins, were used for the screening test. Among them, HPD-850 was selected for further study due to their higher adsorption capacity and desorption ratio.

The researchers found that pH lower than 3 had no impact on adsorption capacity and stability of CGA.

When the pH value increased, the adsorption capacity decreased. After purification, the CGA obtained increased from 11.2 to 50% and recovery yield of 87.9%. Geogre M. Weisz et al. [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF] studied the adsorption of phenolic compounds in RSM during protein extraction to remove colored compounds. There were seven different MARs used in this study, including XAD16HP, XAD7HP, XAD1180N, FPX66, FPA90Cl, Dowex, and Lewatit resins. These authors found that the maximal binding rates belong to these ion exchange resin Dowex, Lewatit, and FPA90Cl with more than 94% (v/v) in any case, followed by XAD16HP and FPX66 which caused about 85.7 and 86.8 reductions of total phenolic content (TPC) in SFM protein extract, respectively. XAD7HP and XAD1180N were not selected due to the lowest adsorption capacity, and potential interactions with the protein. Besides, color measurements were also carried out to find suitable resins in removing phenolic compounds and decolorizing crude extract. They found that XAD16N was the best resins regarding adsorption capacity and de-colorization and its weak interaction with sunflower protein. A D-optimal experimental design was then applied to find maximal adsorptive phenolic compounds' operational conditions, including CGA and TPC. Finally, these authors conclude meal-solvent ratio was 0.05 g/mL, at temperature 20°C, and flow rate at three-bed volume (BV) per hour (h) were the best conditions for altogether removal of polyphenols. The simple and efficient method for separating CGA from the extract of Helianthus tuberosus leaves using macroporous resins was also studied by Peng-Cheng [START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF]. Ten different resins were used in this work: D101, D4020, AB-8, ADS-21, ADS-7, ADS-8, ADS-17, ADS-F8, X5, and NKA-9. They observed that ADS-21 was the best among tested resin for CGA adsorption. After packed column with ADS-21 for purification process, CGA increased from 12.0% to 65.2% with a recovery yield of 89.4%. These results also suggested this method was suitable for large-scale reparation of CGA. Boyan [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF] also recommended a fast and straightforward CGA separation method from Eupatorium adenophorium Spreng extract. The adsorption capacity was evaluated using nine macroporous resins, including D101, HPD100, HP-20, AB-8, HPD-400A, XAD-7, NKA-II, and NKA-9. Among them, NKA-II was selected because it showed higher adsorption/desorption capacity at 25°C. After purification, CGA purity was 22.17%, and the recovery yield was 82.41%.

Regarding adsorption of phenolic compounds in RSM, Alexander Thiel et al. [START_REF] Thiel | A novel integrated downstream processing approach to recover sinapic acid, phytic acid and proteins from rapeseed meal: A novel downstream processing approach for rapeseed meal[END_REF] used zeolites for sinapic acid adsorption from hydrolysis solution. Zeolites are porous aluminosilicates with abundant cavity structure [START_REF] Ahmaruzzaman | Adsorption of phenolic compounds on low-cost adsorbents: A review[END_REF]. They concluded the adsorption obtained the highest amount at 25°C for 1h adsorption and desorption with EtOH 70% (v/v). Sinapic acid can yield 96.3%, and the purity was up to 80% when using zeolites. Moreover, Monica Moreno-Gonzalez et al. (Moreno-González et al., 2020) studied the recovery of SA in RSM extract by adsorption.

In this study, seven different food-grade MARs were used to screen the test, including the Amblite series (XAD4, XAD7, XAD16, XAD1180N, XAD761, and FPX66) and a Dianion (HP20). They discovered FPX66 showed the highest adsorption capacity (102.6±11.7 mg/g resin), followed by XAD16. Therefore, FPX66 was selected for the packing column for sinapic acid purification. Ethanol 70% (v/v) was the best eluent for the desorption process due to its high selectivity to sinapic acid over glucose, phytic acid, and glucosinolates. They also found that at pH higher than 6, significantly lower adsorption of sinapic acid on hydrophobic resins was observed.

Improve the purification of phenolic compounds using response surface methodology

Response surface methodology has been proposed to model and optimize wastewater treatment processes [START_REF] Nair | The use of response surface methodology for modelling and analysis of water and wastewater treatment processes: A review[END_REF]. The traditional approach to optimizing one process is based on the one-factor-at-time method. Consequently, the number of experiments required would be enormous and would increase when increasing the sample size. Hence, this approach is very costly and timeconsuming. The design of experiments regarding the interaction of all levels of factors has been studied

to overcome these issues. The interaction between variables and responses can be considered. Response surface methodology is constructed by these interactions [START_REF] Khuri | Response surface methodology[END_REF]. Response surface methodology involves mathematical and statistical techniques to propose the design of experiments [START_REF] Khuri | Response surface methodology[END_REF]. Based on the experiment and experimental data design, the model can be built, and the optimal conditions can be obtained for a limited number of planned experiments. The first design of the experiment was proposed by Box and[START_REF] Box | On the Experimental Attainment of Optimum Conditions[END_REF][START_REF] Box | On the Experimental Attainment of Optimum Conditions[END_REF]. This approach has become a common tool for optimizing and analyzing the factors involved in responses in several domains, such as electronics and biotechnology [START_REF] Nair | The use of response surface methodology for modelling and analysis of water and wastewater treatment processes: A review[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF].

Definition of some terms

The experimental domain is the limitation of the minimum and maximum of the experimental variables studied.

Experimental design/ Design of experiments (DoE) is a specific set of experiments defined by a mathematical matrix through the different combination level of experimental variables. Thereby, the response values can be obtained by doing experiments based on the conditions of these variables.

Factors and independent variables are the experimental conditions that can be changed independently. In the adsorption process, the independent variables can be defined, such as pH, flow rate, temperature.

Responses or dependent variables are the values observed by doing the experiments. Typical dependent variables in the adsorption and purification process are recovery ratio (%), purity (%), and productivity of the whole process.

Residual is the difference in values between calculated data from the mathematical model and experimental data from doing the experiments. Therefore, a good model must achieve a low residual value.

Response surface methodology procedure

Several steps for response surface methodology application are i) selecting the independent factors and their response in a specific range, ii) preselecting the experimental design, iii) performing the experiments, iv) production of the mathematical equation based on the experimental data, v) validation of the model, and vi) achieving the optimal conditions.

Types of experimental design

Some examples of experimental designs are frequently used in literature, including full factorial design (FFD), Box-Behnken design (BBD), D-optimal design, and central composite design (CCD) ( [START_REF] Bezerra | Response surface methodology (RSM) as a tool for optimization in analytical chemistry[END_REF]. These designs of experiments (DoE) are presented in Figure 2.16. 

Central composite design (CCD)

Central composite design (CCD) is an alternative of full three-level factorial design and is also known as central composite face-centered (CCF) design, which was first proposed by [START_REF] Box | On the Experimental Attainment of Optimum Conditions[END_REF]. This CCF design can be relatively efficient and simple when the factors are up to five or six [START_REF] Nair | The use of response surface methodology for modelling and analysis of water and wastewater treatment processes: A review[END_REF]. Therefore, CCF design can be applied for optimization and is widely used for building the second-order response surface model in environmental processes [START_REF] Karimifard | Application of response surface methodology in physicochemical removal of dyes from wastewater: A critical review[END_REF]. CCD can give equal information as the FFD model, but fewer experimental runs are required. Besides, CCD can provide useful information for linear and quadratic interaction effects of factors influencing the response values. This model needs three types of points, including center, axial, and cube points (illustrated in Figure 2.16). The total number of experiments can be expressed in the equation:

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 = 2 𝑘 + 2𝑘 + 𝐶 0 (2.7)
Where k is the number of factors, 2k is the cubic runs, 2k is the axial runs, and Co is the center point runs.

Box-Behnken design (BBD)

Unlike full three-level factorial design, Box-Behnken design (BBD) [START_REF] Box | Some New Three Level Designs for the Study of Quantitative Variables[END_REF] is generally used in industrial research due to reduced experiments compared with full factorial design.

The total number of experiments is determined from the equation:

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 = 2𝑘(𝑘 -1) + 𝐶 𝑜 (2.8)
Where k is the number of factors, Co is the number of center points.

Based on this equation, this design of the experiment needs the number of factor ≥ 3. One of the drawbacks of this model is that it is not suitable for the experimental works to consider extreme conditions.

Doehlert design (DD)

Doehlert design (DD) is a flexible design with a k-dimensional and one point in the center,

where k is the number of factors. This DoE needs a small number of running experiments. Many factors can be added to the matrix of design easily. This model also allows the researcher to study more significant factors affecting the value of responses. The total number of experiments can be calculated as follow:

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠 = 𝑘 2 + 𝑘 + 𝐶 𝑜 (2.9)
Where k is the factors and Co is the number of center points.

D-optimal design

Unlike CCF design, D-optimal design is mentioned in the literature, but this design is rarely used in wastewater treatment [START_REF] Nair | The use of response surface methodology for modelling and analysis of water and wastewater treatment processes: A review[END_REF][START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF]. 

Modeling procedure

The equation describes the interaction between factors, and responses must be determined to determine the critical point. The most widely used method to build a highly accurate relationship between these parameters is based on the polynomials model.

Model building for response surface methodology

Since the linear equation cannot describe the effects between different parameters, the secondorder mathematical model is usually used in literature. In response surface methodology, the interactions between different parameters can express in the full quadratic second-order equation [START_REF] Nair | The use of response surface methodology for modelling and analysis of water and wastewater treatment processes: A review[END_REF]:

Y = f (X1, X2) = 𝛽 0 + 𝛽 1 𝑋 1 + 𝛽 2 𝑋 2 + 𝛽 11 𝑋 1 2 + 𝛽 22 𝑋 2 2 + 𝛽 12 𝑋 1 𝑋 2 (2.10)
Where: Y is the dependent variable; β0 is constant&; β1, β2 are the linear coefficients; β11 and β12 are the quadratic coefficients, and β12 is the interaction coefficient between variables 1 and 2, X1 and X2 are codes of independents variables.

Evaluation of the model

The predictive equation of the model should be validated before using for prediction data. The different indexes used for this validation step are the coefficient of determination (R²), adjusted R², and the lack of fit. R² can be calculated from the regression sum of squares divided by to total sum of the square. R² value should be close to 1 for a good prediction model. However, R² can increase if the number of terms in the model is increased. Therefore, to validate the model, R² should not be assessed alone instead of being compared with R² adjusted value [START_REF] Khuri | Response surface methodology[END_REF][START_REF] Nair | The use of response surface methodology for modelling and analysis of water and wastewater treatment processes: A review[END_REF]. R² and R² adjusted values need to be close to 1, and the difference between R² and R² adjusted no more than 0.2 to be considered a good model [START_REF] Khuri | Response surface methodology[END_REF][START_REF] Nair | The use of response surface methodology for modelling and analysis of water and wastewater treatment processes: A review[END_REF].

Another statistic value that needs to be investigated is the error sum of squares (PRESS). This value reflects how well the model fitted with the experimental data. On an excellent prediction mathematical model, the PRESS value should be small [START_REF] Khuri | Response surface methodology[END_REF][START_REF] Myers | Response Surface Methodology: Process and Product Optimization Using Designed Experiments[END_REF][START_REF] Nair | The use of response surface methodology for modelling and analysis of water and wastewater treatment processes: A review[END_REF]. Moreover, the model can also be verified by the lack of fit test. The lack of fit of the model should be lower than the F value for a good model [START_REF] Nair | The use of response surface methodology for modelling and analysis of water and wastewater treatment processes: A review[END_REF]) (p-value > 0.05). Table 2.17 summarizes all the variances and shows the squares and media of squares for these various sources.

Table 2.17. Analysis of variance (ANOVA) for a fitted mathematical model to an experimental data set using multiple regression.

(adapted from M. A. Bezerra et al. [START_REF] Bezerra | Response surface methodology (RSM) as a tool for optimization in analytical chemistry[END_REF]).

Variation source Sum of the square (SS) Degree of freedom Media of the square (MS) 

Regression 𝑆𝑆 𝑟𝑒𝑔 = ∑ ∑ (𝑦 ̂𝑖 -𝑦 ̅) 2 𝑛 𝑖 𝑗 𝑚 𝑖 p-1 𝑀𝑆 𝑟𝑒𝑔= 𝑆𝑆 𝑟𝑒𝑔 𝑝 -1 Residuals 𝑆𝑆 𝑟𝑒𝑠 = ∑ ∑ (𝑦 𝑖𝑗 -𝑦 ̂𝑖) 2 𝑛 𝑖 𝑗 𝑚 𝑖 n-p 𝑀𝑆 𝑟𝑒𝑠= 𝑆𝑆 𝑟𝑒𝑠 𝑛 -𝑝 Lack of fit 𝑆𝑆 𝑙𝑜𝑓 = ∑ ∑ (𝑦 ̂𝑖 -𝑦 ̅ 𝑖 ) 2 𝑛 𝑖 𝑗 𝑚 𝑖 m-p 𝑀𝑆 𝑙𝑜𝑓= 𝑆𝑄 𝑙𝑜𝑓 𝑚 -𝑝 Pure error 𝑆𝑆 𝑝𝑒 = ∑ ∑ (𝑦 𝑖𝑗 -𝑦 ̅ 𝑖 ) 2 𝑛 𝑖 𝑗 𝑚 𝑖 n-m 𝑀𝑆 𝑝𝑒= 𝑆𝑆 𝑝𝑒 𝑛 -𝑚 Total 𝑆𝑆 𝑡𝑜𝑡 = ∑ ∑ (𝑦 𝑖𝑗 -𝑦 ̅)

Response surface optimization

Response surface can be analyzed to achieve the maximum or minimum-targeted or saddle values and the optimal conditions. With multiple responses, the obtained conditions have to meet all criteria [START_REF] Nair | The use of response surface methodology for modelling and analysis of water and wastewater treatment processes: A review[END_REF]. With the quadratic equation, the maximal or minimal points can easily be calculated by setting the first derivate of the mathematical function equal to 0 [START_REF] Bezerra | Response surface methodology (RSM) as a tool for optimization in analytical chemistry[END_REF].

The predict model equations also can be visualized by the surface response plot. Through the plot of surface response, the critical point and optimal conditions also can be predicted.

Applications

Purification phenolic compounds from adsorption

Several objectives should be considered: productivity, recovery, scalability, and costeffectiveness to conduct the purification process for phenolic compounds. For these purposes, the multistages or combination of adsorption and chromatography technique has been investigated to recover phenolic compounds from macroporous resins [START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. The efficiency of this purification process involved several factors. Therefore, it is necessary to optimize this process to obtain the maximal yield of phenolic recovery and purity. Notably, Georg M. Weisz et al. [START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF] used D-optimal experimental design for determining the optimal conditions for phenolic compounds in SFM desorption from macroporous resins [START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. G. M. Weisz et al. [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF] used response surface methodology with a D-optimal design to investigate the recovery targeted compounds. The factors compromised in this study were column temperature (20-60°C), solvent concentration (40-100%), and flow rate (2-6 BV/h). They found that the maximum removal of 99%

CGA and TPC was obtained with a solvent concentration of 70%, flow rate 5.5BV/h, and under moderate temperatures of 40-50°C.

Adsorption

Response surface methodology was also used in the adsorption process to remove heavy metals and toxic organics from water [START_REF] Nair | The use of response surface methodology for modelling and analysis of water and wastewater treatment processes: A review[END_REF]. The critical factors, in this case, were pH, ionic strength, adsorbent/adsorbate ratio [START_REF] Hameed | Malachite green adsorption by rattan sawdust: Isotherm, kinetic and mechanism modeling[END_REF]. [START_REF] Tripathi | Optimization of an azo dye batch adsorption parameters using Box-Behnken design[END_REF] used Box-Behnken Design to study methyl orange removal using activated carbons. The adsorbent dose, contact time, temperature, and pH were the investigated factors in this study. The optimal conditions were also observed for an adsorbent dose at 15.7 mg/L, 4h of contact time, the temperature at 40°C, and pH 2. Therefore, the maximal removal can obtain up to 99.11%. Other studies on the removal of methylene, recovery of the dye, and optimization of biosorption of heavy metal using response surface methodology have been reported [START_REF] Sarabia | 1.12-Response Surface Methodology[END_REF][START_REF] Sarkar | Application of response surface methodology for optimization of heavy metal biosorption using surfactant modified chitosan bead[END_REF].

Other applications

Response surface methodology was also widely used to determine the optimal conditions in other sectors, such as food processing, antioxidant, and extraction.

Part III: Biological properties of phenolic compounds in sunflower and rapeseed meals 2.12. Antioxidants 2.12.1.

Antioxidants background

Antioxidants have been defined in several ways in the literature [START_REF] Hamid | Antioxidants: Its medicinal and pharmacological applications[END_REF][START_REF] Macdonald-Wicks | Methodology for the determination of biological antioxidant capacityin vitro: A review[END_REF]. Inflammatory and degenerative diseases derive from oxidative stress, including reactive oxygen species (ROS) and reactive nitrogen species (RNS). Therefore, in these cases, the role of antioxidants is vital. Antioxidants can interact and stabilize the free radicals that cause chronic diseases, including cancer [START_REF] Hamid | Antioxidants: Its medicinal and pharmacological applications[END_REF]. Nowadays, there is widespread interest in antioxidant activity efficacy not only in foods but also in human biological systems. Several antioxidants such as vitamin C, E, beta-carotene, lycopene, and other compounds [START_REF] Sies | Oxidative stress: Oxidants and antioxidants[END_REF].

From a food processing point of view, antioxidants have been defined as a small number of substances that can prevent or protect the macromolecules such as fats from oxidation [START_REF] Macdonald-Wicks | Methodology for the determination of biological antioxidant capacityin vitro: A review[END_REF]. Thus, the oxidation in foods is a chemical reaction involved in chain-breaking inhibitors of lipid peroxidations. Indeed, the free radicals can be produced by the oxidation reactions process at the beginning of chain reactions. Then, these free radicals can be removed or inhibited by the antioxidants [START_REF] Sies | Oxidative stress: Oxidants and antioxidants[END_REF].

From the biological systems point of view, the antioxidants are defined as the substances present at low concentrations compared to those of oxidizable substrates, but significantly inhibit or prevent the oxidation of substrates [START_REF] Macdonald-Wicks | Methodology for the determination of biological antioxidant capacityin vitro: A review[END_REF]. Low levels of antioxidants can cause oxidative stress and might kill cells. Oxidative stress can cause chronic degenerative diseases and the degenerative process involved in aging [START_REF] Berk | Pathways underlying neuroprogression in bipolar disorder: Focus on inflammation, oxidative stress and neurotrophic factors[END_REF]. Therefore, the antioxidants are widely studied in the treatments for stroke and neurodegenerative diseases [START_REF] Macdonald-Wicks | Methodology for the determination of biological antioxidant capacityin vitro: A review[END_REF].

2.12.2.

Sources and origin of antioxidants 2.12.2.1.

Antioxidants in natural sources

Many antioxidants present in the fruits, vegetables, and plants such as nuts, grains, or in some animals such as meats, poultry, and fish [START_REF] Macdonald-Wicks | Methodology for the determination of biological antioxidant capacityin vitro: A review[END_REF]. The common antioxidants are beta-carotenes. Beta-carotenes were found in sweet potatoes, carrots, pumpkin, and mangoes [START_REF] Borek | Free-Radical Processes in Multistage Carcinogenesis[END_REF]. Besides, lutein and lycopene are also known as antioxidants that come from natural plants. In particular, lycopene was found in tomatoes, watermelon, guava, papaya, and other foods [START_REF] Matioli | Microencapsulação do licopeno com ciclodextrinas[END_REF][START_REF] Xianquan | Stability of Lycopene During Food Processing and Storage[END_REF]. Selenium is a mineral and component of antioxidant enzymes [START_REF] Macdonald-Wicks | Methodology for the determination of biological antioxidant capacityin vitro: A review[END_REF]. The primary dietary sources of selenium are rice and wheat.

Vitamin A is an antioxidant found in liver, sweet potatoes, carrots, milk, egg yolks, and cheese [START_REF] Baublis | Potential of Wheat-Based Breakfast Cereals as a Source of Dietary Antioxidants[END_REF]. There are three main chemical structures of vitamin A which include retinol (vitamin A1), 3, 4-didehydroretinol (vitamin A2), and 3-hydroxyretinol (vitamin A3). A high abundance of vitamin C (as called ascorbic acid, Figure 2.18) was found in many fruits and vegetables such as guava and cereals. This vitamin also is found in beef, poultry, and fish [START_REF] Wolfe | Cellular Antioxidant Activity (CAA) Assay for Assessing Antioxidants, Foods, and Dietary Supplements[END_REF]. Vitamin E (αtocopherol, Figure 2.18) is an antioxidant, also is found in fruits and vegetables such as almonds, soybean oil, broccoli, and other foods [START_REF] Herrera | Vitamin E: Action, metabolism and perspectives[END_REF]. Other phenolic compounds originate from plants, fruits, seeds, or synthetic chemical processes which also show an excellent antioxidant activity reported elsewhere [START_REF] Hajimahmoodi | Total Antioxidant Activity, and Hesperidin, Diosmin, Eriocitrin and Quercetin Contents of Various Lemon Juices[END_REF].

Antioxidant present in typical extracted oilseed meals

Table 2.17 summarizes the phenolic compounds represented in typical oilseed meals. In general, extracted oilseed meals do not contain the liposoluble antioxidants except for rapeseed meal such as α-tocopherol. However, oilseed meals contain many phenolic acids, either free or esterified or condensed in an insoluble form. As presented in Table 2.18, some phenolic compounds showed antioxidant capacity, such as caffeic acid, ferulic acid, and sinapic acids, reported in these oilseed meal extracts [START_REF] Nenadis | Commonly used food antioxidants: A comparative study in dispersed systems[END_REF]. Among them, rapeseed meal is the richest in phenolic compounds (77-81 mg/ kg of dry weight), mainly in sinapic acid derivates (Figure 2.6) [START_REF] Amarowicz | Antioxidant activity of extracts of phenolic compounds from rapeseed oil cakes[END_REF].

However, sinapine (Figure 2.6), the ester of sinapic acid and choline, did not show any antioxidant activity [START_REF] Krygier | Free, esterified, and insoluble-bound phenolic acids. 1. Extraction and purification procedure[END_REF][START_REF] Xu | Rapid method for total phenolic acid determination in rapeseed/canola meals[END_REF]. Besides, the mustard seed meal also contains the antioxidant compounds as in rapeseed meal. Besides, flavonoids, the potent antioxidant agents, are also detected in nearly all oilseed meals. Whereas lignans are present in a minor amount in oilseed meals in general.

Table 2.18. Phenolic compounds antioxidants identified in several typical oilseed-extracted meals.

(Adapted with permission from Stefan Schmidt and Jan Pokorny [START_REF] Schmidt | Potential application of oilseeds as sources of antioxidants for food lipids &ndash; a review[END_REF].

Oilseed Substances with antioxidant activities References Rapeseed, canola

Sinapine, benzoic acid and cinnamic acid derivates, phenolic acid esters, and glycosides [START_REF] Amarowicz | Antioxidant activity of extracts of phenolic compounds from rapeseed oil cakes[END_REF][START_REF] Kozlowska | Phenolic acids in oilseed flours[END_REF][START_REF] Krygier | Free, esterified, and insoluble-bound phenolic acids. 1. Extraction and purification procedure[END_REF] Mustard seed Sinapine, esters of phenolic acids [START_REF] Dabrowski | Composition of free and hydrolyzable phenolic acids in defatted flours of ten oilseeds[END_REF][START_REF] Krygier | Free, esterified, and insoluble-bound phenolic acids. 1. Extraction and purification procedure[END_REF]) Soybeans Syringic, vanillic, ferulic, salicylic, pcoumaric acids and esters, chlorogenic, caffeic, sinapic acids, isoflavones, and their glucosides [START_REF] Amarowicz | Antioxidant activity of phenolic fractions of everlasting pea, faba bean and broad bean[END_REF][START_REF] Hoppe | Structure of an antioxidant from fermented soybeans (tempeh)[END_REF][START_REF] Murakami | Antioxidative Stability of Tempeh and Liberation of Isoflavones by Fermentation[END_REF][START_REF] Walter | Genistin (an Isoflavone Glucoside) and its Aglucone, Genistein, from Soybeans[END_REF] Peanuts Phenolic acids and esters, such as phydroxybenzoic, p-coumaric, syringic, gallic, vanillic acids, epicatechin, catechin [START_REF] Walker | Foliar Fertilization Effects on Yield, Quality, Nutrient Uptake, and Vegetative Characteristics of Florunner Peanuts.1,2[END_REF] Sunflower seed Chlorogenic, caffeic, cinnamic, m-and phydroxybenzoic, vanillic, syringic, gallic, and vanillic acids, epicatechin, catechin [START_REF] Sabir | Chlorogenic acid-protein interactions in sunflower[END_REF] Evening primrose seed Proanthocyanidins and their gallates, isoflavones [START_REF] Amarowicz | Antioxidant activity of phenolic fractions of everlasting pea, faba bean and broad bean[END_REF] Linseed Sinapic, p-hydroxybenzoic, coumaric, ferulic acids, lignans [START_REF] Amarowicz | Antioxidant activity of phenolic fractions of everlasting pea, faba bean and broad bean[END_REF][START_REF] Walker | Foliar Fertilization Effects on Yield, Quality, Nutrient Uptake, and Vegetative Characteristics of Florunner Peanuts.1,2[END_REF]) Cottonseed Sinapic acid, ferulic, p-hydroxybenzoic acids, quercetin, rutin [START_REF] Amarowicz | Antioxidant activity of phenolic fractions of everlasting pea, faba bean and broad bean[END_REF][START_REF] Walker | Foliar Fertilization Effects on Yield, Quality, Nutrient Uptake, and Vegetative Characteristics of Florunner Peanuts.1,2[END_REF] 

Sesame seed

Lignans, coumaric, ferulic, vanillic, sinapic acids [START_REF] Amarowicz | Antioxidant activity of phenolic fractions of everlasting pea, faba bean and broad bean[END_REF][START_REF] Walker | Foliar Fertilization Effects on Yield, Quality, Nutrient Uptake, and Vegetative Characteristics of Florunner Peanuts.1,2[END_REF] Olive fruits, cakes Hydroxytyrosol, secoiridoids, flavonoids, lignans [START_REF] Gennaro | Effect of Biophenols on Olive Oil Stability Evaluated by Thermogravimetric Analysis[END_REF] Grapeseed Catechin, epicatechin, procyanidin [START_REF] Jayaprakasha | Antioxidant activity of grape seed (Vitis vinifera) extracts on peroxidation models in vitro[END_REF] Soybean flour has been used as antioxidants because of isoflavones and cinnamic acid derivates [START_REF] Arai | Studies on Flavor Components in Soybean: Part II. Phenolic Acids in Defatted Soybean Flour[END_REF]. These results consisted of the finding from Murakami et al. [START_REF] Murakami | Antioxidative Stability of Tempeh and Liberation of Isoflavones by Fermentation[END_REF]. In this report, they observed that soybean hydrolysates' antioxidant activity is mostly due to isoflavone aglycones. The antioxidant properties of peanuts is mainly contributed by phenolic acids and esters such as p-hydroxybenzoic, p-coumaric, and vanillic acids. Besides, sunflower meal (SFM) contained up to 3.0-3.5 g/kg of phenolic compounds' dry weight. Among them, chlorogenic acid (Figure 2.5) and caffeic acid (Figure 2.5) composed up to 70% of phenolic antioxidants [START_REF] Sabir | Chlorogenic acid-protein interactions in sunflower[END_REF].

Evening primrose seed extract showed antioxidant activity because it is rich in phenolic compounds such as proanthocyanidins and their gallates isoflavones [START_REF] Amarowicz | Antioxidant activity of phenolic fractions of everlasting pea, faba bean and broad bean[END_REF]. Defatted grapeseed meal also contains catechin, epicatechin, and procyanidin, as shown in Figure 2.25, responsible for antioxidant properties [START_REF] Saito | Antiulcer Activity of Grape Seed Extract and Procyanidins[END_REF]. The main antioxidant property of olive fruits and cakes is the contribution of phenolic antioxidants. Indeed, olive fruits contain simple phenolic compounds such as hydroxytyrosol, secoiridoids, flavonoids, and lignans [START_REF] Gennaro | Effect of Biophenols on Olive Oil Stability Evaluated by Thermogravimetric Analysis[END_REF]. Similarly, lignans are found in linseed defatted meal beside the other phenolic compounds such as sinapic, p-hydroxybenzoic, coumaric, and ferulic acids [START_REF] Amarowicz | Chromatographic separation of flaxseed phenolics[END_REF][START_REF] Amarowicz | Antioxidant activity of phenolic fractions of everlasting pea, faba bean and broad bean[END_REF][START_REF] Walker | Foliar Fertilization Effects on Yield, Quality, Nutrient Uptake, and Vegetative Characteristics of Florunner Peanuts.1,2[END_REF]. Moreover, lignans were observed in sesame seed meal. According to Kozlowska et al. [START_REF] Kozlowska | Phenolic acids in oilseed flours[END_REF], sesame seeddefatted meals also contain 41mg/kg free phenolic acids, 325 mg/kg esterified acids, and 14 mg/kg insoluble phenolic acids. This composition of phenolic compounds can explain the antioxidant activity of sesame seed meal. Cottonseed meal exhibited antioxidant activity due to several phenolic compounds such as sinapic acid, ferulic, p-hydroxybenzoic acids, quercetin, and rutin were reported [START_REF] Amarowicz | Chromatographic separation of flaxseed phenolics[END_REF][START_REF] Amarowicz | Antioxidant activity of phenolic fractions of everlasting pea, faba bean and broad bean[END_REF][START_REF] Walker | Foliar Fertilization Effects on Yield, Quality, Nutrient Uptake, and Vegetative Characteristics of Florunner Peanuts.1,2[END_REF].

Antioxidant present in extracted sunflower and rapeseed meals

Some reports regarding the anti-oxidant properties of sunflower meal (SFM) phenolics have been investigated elsewhere. Two methods are frequently used to estimate phenolics' antioxidant activity: radical scavenging activities such as DPPH and ABTS assays due to them being simple, fast, and highly efficient, especially when the sample size is large. According to Žilić, S. et al. (Žilić et al., 2010), phenolic compounds in SFM had potential in anti-oxidant actions. Typically, phenolic compounds in sunflower kernels had a higher DPPH scavenging activity than a sunflower seed. Another report from Pablo R. Salgado et al. [START_REF] Salgado | Exploration of the antioxidant and antimicrobial capacity of two sunflower protein concentrate films with naturally present phenolic compounds[END_REF] confirmed that phenolics in SFM strongly exhibited anti-oxidant properties by using ABTS scavenging assay. Georg M. Weisz et al. [START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF] found that CGA and TPC from SFM after desorption with organic solvent showed an excellent antioxidant capacity using ferric ion reducing antioxidant power (FRAP) assay. Besides, Nikita Wanjari et al. (Wanjari & Waghmare, n.d.) also revealed that phenolic extract from SFM by ethanol solution exhibited the highest antiradical activity than other organic solvent extracts. These authors also highlight that the effectiveness in DPPH radical scavenging activity of phenolic extracts was found even better than butylated hydroxytoluene (BHT) [START_REF] Vuorela | Impact of isolation method on the antioxidant activity of rapeseed meal phenolics[END_REF].

Anti-oxidant properties of phenolic compounds in rapeseed meal (RSM) also have been reported in the literature. The effect of rapeseed phenolics on scavenging the radicals has been investigated in the report of Amarowicz et al. [START_REF] Amarowicz | Antioxidant activity of extracts of phenolic compounds from rapeseed oil cakes[END_REF] and Matthäus [START_REF] Matthäus | Antioxidant Activity of Extracts Obtained from Residues of Different Oilseeds[END_REF].

They found that effective radical scavenging activity relied on the phenolic solvent extract fraction.

Amarowicz et al. [START_REF] Amarowicz | Antioxidant activity of extracts of phenolic compounds from rapeseed oil cakes[END_REF] observed that phenolic rapeseed extract with 70% acetone showed the highest radical capacity. They also discovered that there was no correlation between the TPC and the antioxidant activity. However, in an earlier study of Wanasundara et al. (U. N. [START_REF] Wanasundara | Partial characterization of natural antioxidants in canola meal[END_REF], the crude ethanolic extract's antioxidant activity was higher than the purified phenolic fraction one. This phenomenon is due to the phenolic fraction containing several phenolic compounds. Therefore, the antioxidant increased because of the synergistic effect. Later, Satu Vourela et al. [START_REF] Vuorela | Impact of isolation method on the antioxidant activity of rapeseed meal phenolics[END_REF]) investigated the impact of isolation of phenolic compounds from RSM with aqueous methanol, aqueous ethanol, hot water, and enzymes (ferulic acid esterase) on the antioxidant activity. They observed that all isolate fractions showed a radical scavenging rate of more than 60%.

However, they recommended using either water or enzyme to isolate rapeseed phenolics due to their suitable method to avoid using an organic solvent. Usha Thiyam et al. [START_REF] Thiyam | Antioxidant activity of rapeseed phenolics and their interactions with tocopherols during lipid oxidation[END_REF]) also indicated that sinapine had a significantly lower free radical scavenging capacity than sinapic acid in RSM.

Meanwhile, the previous studies of Krygier et al., Xu and Diosady (Krygier et al., 1982;[START_REF] Xu | Rapid method for total phenolic acid determination in rapeseed/canola meals[END_REF] addressed that sinapine did not exhibit any antioxidant activity. Other researchers showed a correlation between total phenolic content in rapeseeds with an antioxidant capacity [START_REF] Szydłowska-Czerniak | Antioxidant capacity of rapeseed meal and rapeseed oils enriched with meal extract[END_REF]. The antioxidant capacity of basic and acidic hydrolysis rapeseed phenolic extract was also conducted by Aleksander Siger et al. [START_REF] Siger | Antioxidant (Tocopherol and Canolol) Content in Rapeseed Oil Obtained from Roasted Yellow-Seeded Brassica napus[END_REF]. These authors confirmed that after hydrolysis, the antioxidant capacity increased. That might be due to the release of free phenolic compounds sinapic acid from their conjugates such as esters or glycosides.

Types of antioxidants

Figure 2.17 represents all the chemical structures of antioxidants commonly used in the food and biological system reported in the literature [START_REF] Hamid | Antioxidants: Its medicinal and pharmacological applications[END_REF]. Thereby, antioxidants have been classified into two main groups, including natural antioxidants and synthetic antioxidants.

Natural antioxidants

Natural antioxidants are known as chain-breaking antioxidants. These molecules can react with lipid radicals and convert them into more stable products. According to Hurrel [START_REF] Hurrell | Influence of Vegetable Protein Sources on Trace Element and Mineral Bioavailability[END_REF], this group is composed mainly of phenolic compounds. Besides, it contains also:

Antioxidants minerals are known as the co-factors of antioxidants enzymes [START_REF] Hamid | Antioxidants: Its medicinal and pharmacological applications[END_REF]. They are selenium, copper, iron, zinc, and manganese. Without these compounds, abundant macromolecules such as carbohydrates would be affected in their metabolism.

The vitamins antioxidants are also included in this group. They are composed of vitamin C, vitamin E, and vitamin B. These vitamins are necessary for body metabolism.

Phenolic compounds from the vegetables, fruits, grains, seeds, and flowers are natural antioxidants (U. N. [START_REF] Wanasundara | Partial characterization of natural antioxidants in canola meal[END_REF]. Phenolic compounds have potent antioxidants and free radical scavengers, widely studied in the literature [START_REF] Tung | Antioxidant activities of natural phenolic compounds from Acacia confusa bark[END_REF]. (adapted with modification from A. A. Hamid et al. [START_REF] Hamid | Antioxidants: Its medicinal and pharmacological applications[END_REF]). (Adapted from Fereidoon Shahidi [START_REF] Shahidi | Antioxidants[END_REF]).

The predominant phenolic acids in plants are in hydroxybenzoic and hydroxycinnamic acids derivates. The most common hydroxybenzoic acid derivates potent in anti-oxidant capacity is gallic, phydroxybenzoic, vanillic, syringic, protocatechuic ellagic acid. The most well-known hydroxycinnamic acid derivates are p-coumaric, caffeic, ferulic, sinapic, and chlorogenic acids. Among them, caffeic acid is responsible for selectively blocking the biosynthesis of leukotrienes, which is involved in immunoregulation diseases [START_REF] Yasuko | Caffeic acid is a selective inhibitor for leukotriene biosynthesis[END_REF]. Some studies have also demonstrated that caffeic acid might act as an anti-tumor treatment such as colon cancer [START_REF] Robbins | Phenolic Acids in Foods: An Overview of Analytical Methodology[END_REF].

Natural antioxidants phenolic compounds exist in flavonoids, stilbenes, coumarins, lignans, and tannins forms. The family of flavonoids can be divided into several sub-groups, including flavones, flavonols, isoflavonoids, flavanones, flavanones, flavanols, and anthocyanidin. The general chemical structures of flavonoid derivatives are also mentioned in section 2.3.2 in this Ph.D. thesis. Based on the different chemical structures of flavonoids, these compounds' potent antioxidant capacity is different [START_REF] Han | Reaction Dynamics of Flavonoids and Carotenoids as Antioxidants[END_REF]. Flavones and flavonols were found in moringa (Moringa oleifera), strawberry, peepal, and spinach [START_REF] Burns | Plant Foods and Herbal Sources of Resveratrol[END_REF]. Besides, flavanones were observed in celery, parsley, and artichoke (D. Chen et al., 2005). Flavan-3-ols are presented in some fruits such as sour cherries, grapes, and blackberries. Meanwhile, flavanones are provided from citrus fruits in their glycosidic forms (D. Chen et al., 2005). Whereas anthocyanins present in fruits such as blackberry, elderberry, and cranberry (D. Chen et al., 2005). Isoflavones are found mostly in soybeans, and isoflavones occur in black beans and green beas. Some flavanols such as catechin, epicatechin, epicatechin-3-gallate, gallocatechin, epigallocatechin, and epigallocatechin-3-gallate have been found in green tea polyphenols acting as radical scavengers [START_REF] Salah | Polyphenolic Flavanols as Scavengers of Aqueous Phase Radicals and as Chain-Breaking Antioxidants[END_REF][START_REF] Yao | Flavonoids in Food and Their Health Benefits[END_REF]. Besides, the synergistic effect of (-)-epicatechin and quercetin with α-tocopherol in egg yolk. The regular drinking of red wine, which contains approximately 200mg of flavonoids per glass and resveratrol about 0.1-15 mg/ L, can prevent coronary heart disease in some France regions, as well-known as the "French paradox" [START_REF] Padmesh | Application of Two-and Three-Parameter Isotherm Models: Biosorption of Acid Red 88 onto Azolla microphylla[END_REF].

Stilbenes, in particular resveratrol, and its glucoside were found to be potent in antioxidative and anti-tumor activities [START_REF] Burns | Plant Foods and Herbal Sources of Resveratrol[END_REF][START_REF] Torres | Regioselective Lipase-Catalyzed Synthesis of 3-O -Acyl Derivatives of Resveratrol and Study of Their Antioxidant Properties[END_REF]. In the natural, resveratrol occurs mainly from red wine and peanuts [START_REF] Burns | Plant Foods and Herbal Sources of Resveratrol[END_REF]. Resveratrol possesses potent antioxidants in various in vitro assay such as DPPH, ABTS, hydrogen peroxide scavenging, and metal chelating activities, when compared to standard antioxidant agents such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), and α-tocopherol, have been reported [START_REF] Gülçin | Antioxidant activity of bisbenzylisoquinoline alkaloids from Stephania rotunda: Cepharanthine and fangchinoline[END_REF]. In the pharmaceutical sector, resveratrol was also used in preventing lipid oxidation of medical products or retarding the toxic oxidation formation [START_REF] Shahidi | Antioxidants[END_REF].

Tannins are polymers of phenolic acids, as proanthocyadinins with chemical structure, as shown in Figure 2.4. The condensed tannins have been found in several fruits such as rapeseed, berries, cocoa, or in some beverages such as beer and tea [START_REF] Ferreira | Oligomeric proanthocyanidins: Naturally occurring O-heterocycles (January 1996 to December 1998)[END_REF]. Besides, the hydrolyzable tannins occur in some berries, leaves of vegetables [START_REF] Serrano | Tannins: Current knowledge of food sources, intake, bioavailability and biological effects[END_REF]. The inhibition of lipid peroxidation, lipoxygenases in vitro, the ability to scavenge radicals such as hydroxyl and superoxide of tannins have been reported [START_REF] Gyamfi | Antioxidant properties of Thonningianin A, isolated from the African medicinal herb, Thonningia sanguinea[END_REF].

Synthetic antioxidants

In the food sector, the synthetic phenolic compounds commonly used as antioxidants agents are butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), propyl gallate (PG), and tertiary-butylhydroquinone (TBHQ), as shown in Figure 2.17. Besides, octyl gallate (OG) and dodecyl gallate (DG) was also used as a synthetic antioxidant [START_REF] Makahleh | Synthetic phenolics as antioxidants for food preservation[END_REF]. These synthetic phenolic antioxidants were added to food products to prevent or retard lipid oxidation [START_REF] Saad | Determination of synthetic phenolic antioxidants in food items using reversed-phase HPLC[END_REF]. These antioxidants were also used in fats, oils, and lipid-containing foods stored [START_REF] Saad | Determination of synthetic phenolic antioxidants in food items using reversed-phase HPLC[END_REF]. However, antioxidants' efficiency of synthetic antioxidants might not be high in preventing oxidative deterioration of fats and oils originated from vegetables [START_REF] Verhagen | Butylated hydroxyanisole in perspective[END_REF]. Moreover, the use of synthetic antioxidants in foodstuffs is also regulated by administrative governments due to their potential toxicity for humans or even causing some disease such as liver and carcinogenesis [START_REF] Biparva | Dispersive liquid-liquid microextraction using extraction solvents lighter than water combined with high performance liquid chromatography for determination of synthetic antioxidants in fruit juice samples[END_REF].

Therefore, it rises to high demand for searching natural antioxidants [START_REF] Berdahl | Synthetic and natural antioxidant additives in food stabilization: Current applications and future research[END_REF].

Butylated hydroxyanisole (BHA) is a mono-phenolic antioxidant (Figure 2.17), which occurs as white waxy flakes. BHA is soluble in fats and oils. Therefore, it showed strong antioxidant effects in essential oils [START_REF] Hettiarachchy | Natural Antioxidant Extract from Fenugreek (Trigonella foenumgraecum) for Ground Beef Patties[END_REF]. Butylated hydroxytoluene (BHT) is also a mono-phenolic antioxidant as known as a white crystalline compound. Nevertheless, BHT is not as effective as BHA in terms of radical scavenging activity due to two tert-butyl groups, which cause more significant steric hindrance than BHA to the molecule [START_REF] Nanditha | Antioxidants in Bakery Products: A Review[END_REF]. Like BHA, BHT is soluble in fats and oils. Besides, BHT shows significant effectiveness in inhibiting the oxidation of animal fats than vegetable oils in the report of Dziezak [START_REF] Dziezak | Preservatives: Antioxidants. The ultimate answer to oxidation[END_REF]. Besides, tertiary-butylhydroquinone (TBHQ) is an antioxidant agent for preserving unsaturated vegetable oils, animal fats, and meat products by increasing oxidative stability [START_REF] Dziezak | Preservatives: Antioxidants. The ultimate answer to oxidation[END_REF]. TBHQ is also known as a food additive [START_REF] Okubo | Cell death induced by the phenolic antioxidant tertbutylhydroquinone and its metabolite tert-butylquinone in human monocytic leukemia U937 cells[END_REF]. TBHQ is a more potent synthetic antioxidant than BHA and BHT (M. A. [START_REF] Khan | Effects of natural and synthetic antioxidants on the oxidative stability of borage and evening primrose triacylglycerols[END_REF]. Propyl gallate (PG) is an antioxidant used for stabilization of cosmetic, food-packaging materials, foods containing fats, oils, mayonnaise, and using as an additive in edible fats [START_REF] Zurita | Ecotoxicological effects of the antioxidant additive propyl gallate in five aquatic systems[END_REF]. Propyl gallate is the ester of gallic acid with propyl alcohol. Thereby, PG is soluble in ethanol but insoluble in water solution (Naczk & Shahidi, 2004a). The synergistic interaction of antioxidant efficiency between PG and BHA and BHT was reported [START_REF] Shahidi | Phenolic antioxidants[END_REF]. However, the combination of PG and TBHQ is not accepted [START_REF] Shahidi | Phenolic antioxidants[END_REF]. Additionally, PG can cause liver toxicity and stimulate carcinogenesis [START_REF] Eler | The action of n-propyl gallate on gluconeogenesis and oxygen uptake in the rat liver[END_REF][START_REF] Okubo | Cell death induced by the phenolic antioxidant tertbutylhydroquinone and its metabolite tert-butylquinone in human monocytic leukemia U937 cells[END_REF]. Several studies showed that the antioxidant and cell protection of PG might lead to pro-oxidative, cytotoxic, and genotoxic in the presence of Cu(II) [START_REF] Jacobi | DNA Strand Break Induction and Enhanced Cytotoxicity of Propyl Gallate in the Presence of Copper(II)[END_REF][START_REF] Jacobi | Induction of lipid peroxidation in human fibroblasts by the antioxidant propyl gallate in combination with copper(II)[END_REF].

Antioxidant mechanisms of phenolic compounds

There are two principal mechanisms of the antioxidant process for antioxidant compounds proposed in the literature [START_REF] Hamid | Antioxidants: Its medicinal and pharmacological applications[END_REF], including (1) chain-breaking mechanism and (2) removal of reactive oxygen species (ROS) and reactive nitrogen species (RNS) initiator by quenching chain catalyst mechanism.

Chain-breaking mechanism

Firstly, the antioxidants donate electrons for the free radicals. The chain-breaking mechanism follows this process. (Adapted from Fereidoon Shahidi [START_REF] Shahidi | Antioxidants[END_REF]). The pathway for lipid degradation is the auto-oxidation process. This process involves a free radical chain reaction, which is stimulated by the exposure of lipids to UV, heat, and metal ions catalysts (Figure 2.19) and form the lipid-free radicals. According to Borek [START_REF] Borek | Free-Radical Processes in Multistage Carcinogenesis[END_REF], the conventional way to form the auto-oxidation process include initiation (rise the free radicals), propagation (hydroperoxides in oxidation reaction), and termination (obtain a non-radical product) stages [START_REF] Shahidi | Phenolic antioxidants[END_REF]. These chain reactions of free radicals are represented in (adapted from A.A.Hamid et al. [START_REF] Hamid | Antioxidants: Its medicinal and pharmacological applications[END_REF])

In this process, the termination of lipid radical (L . ), lipid peroxy radical (LOO . ), and alkoxyl radical (RO . ) produced the re-initiation of lipid peroxidation, as shown in stage (iii).

Quenching chain initiator catalyst mechanism

Reactive oxygen species (ROS) and reactive nitrogen species (RNS) over regeneration may lead to inflammation [START_REF] Willcox | Antioxidants and Prevention of Chronic Disease[END_REF]. Phenolic compounds can scavenge radicals and form metal (2) ROO . + RH ROOH + R .

(3) RO . + RH ROH + R .

( (i)

1) R . + R . R R ( 
(ii) (iii)
ion chelation [START_REF] Heim | Flavonoid antioxidants: Chemistry, metabolism and structure-activity relationships[END_REF]. Therefore, it can block the ROS formation [START_REF] Mishra | Bauhinia variegata Leaf Extracts Exhibit Considerable Antibacterial, Antioxidant, and Anticancer Activities[END_REF].

Besides, phenolic compounds can inhibit the catalytic activity of enzymes, which participate in ROS generation. The ion chelating and iron-stabilizing quercetin properties have been reported [START_REF] Mishra | Bauhinia variegata Leaf Extracts Exhibit Considerable Antibacterial, Antioxidant, and Anticancer Activities[END_REF]. The hydrogen atom (H+) donation from flavonoid to suppress lipid-peroxyl radicals to protect the membrane phospholipids was also found in the literature [START_REF] Hamid | Antioxidants: Its medicinal and pharmacological applications[END_REF].

2.12.5. Antioxidant capacity methods 2.12.5.1.

Mechanism of antioxidants capacity methods

According to Ayse Karadag et al. [START_REF] Karadag | Review of Methods to Determine Antioxidant Capacities[END_REF], the mechanism of antioxidants capacity methods can be divided into (i) hydrogen atom transfer (HAT) and (ii) electron transfer (ET).

However, it is difficult to distinguish these mechanism methods [START_REF] Prior | Standardized Methods for the Determination of Antioxidant Capacity and Phenolics in Foods and Dietary Supplements[END_REF]. In most cases, HATbase mechanism methods are dominant.

Hydrogen atom transfer-based method

The hydrogen atom transfer (HAT) based method can determine antioxidant substances' ability to scavenge free radicals by hydrogen donation behavior to produce stable compounds (Prior et al., 2005). HAT-based mechanism method is involved in radical chain-breaking antioxidant capacity [START_REF] Karadag | Review of Methods to Determine Antioxidant Capacities[END_REF] as illustrated in reaction (i).

There are two factors in HAT-based methods in antioxidant activity measurement, including the bond dissociation energy of the H-donating group and ionization potential of antioxidant agents. HAT reactions depend on the solvent and pH value. This method of reaction usually is relatively rapid, which can complete in seconds to minutes. The majority of HAT-based methods are governed by competitive reaction kinetics. Based on the kinetic curve, the quantitation of antioxidant ability is calculated.

Besides, HAT-based methods are usually conducted in the presence of a synthetic-free radical generator such as AAPH, ABAP, ABTS, DPPH [START_REF] Valkonen | Spectrophotometric assay for total peroxyl radical-trapping antioxidant potential in human serum[END_REF][START_REF] Wolfe | Cellular Antioxidant Activity (CAA) Assay for Assessing Antioxidants, Foods, and Dietary Supplements[END_REF], fluorescein such as FL [START_REF] Parry | Chemical Compositions, Antioxidant Capacities, and Antiproliferative Activities of Selected Fruit Seed Flours[END_REF], and a tested antioxidant.

In particular, the HAT-based methods using fluorescent probes have a similar mechanism to lipid peroxidation [START_REF] Karadag | Review of Methods to Determine Antioxidant Capacities[END_REF]. In this assay condition, the substrate (probe) concentration is smaller than the antioxidant agent concentration. However, the antioxidant concentration is much smaller than the substrate (for instance, lipid) concentration in the whole food system. Therefore, it is questionable whether antioxidant capacity, which is determined using a molecular probe, can exhibit antioxidant activity in a real solution (D. [START_REF] Huang | The Chemistry behind Antioxidant Capacity Assays[END_REF].

Electron transfer-based method

AH + X . XH + A . (i)
Electron transfer (ET) based methods measure antioxidant ability in transferring one electron to reduce any compounds, including metals, carbonyls, and radicals. ET-based method mechanisms can be expressed as in reaction (ii).

ET-based methods are based on the deprotonation and ionization of the reactive functional groups.

Therefore, the pH of the reaction solution is a critical factor of ET-based methods. In general, when pH values increase, the ionization values decrease, reflecting the increasing electron-donating capacity with deprotonation [START_REF] Prior | Standardized Methods for the Determination of Antioxidant Capacity and Phenolics in Foods and Dietary Supplements[END_REF]. According to [START_REF] Huang | The Chemistry behind Antioxidant Capacity Assays[END_REF], there is protonation of antioxidant compounds in acidic conditions. Therefore, the reducing capacity of antioxidants can be inhibited. However, in basic conditions, in the case of phenolic compounds, the proton dissociation would induce the sample's reducing capacity. Unlike HAT-based methods, ET-based methods take time to reach completion. These methods are determined based on the percent decrease in substrate rather than kinetics or total antioxidant capacity [START_REF] Ozgen | Antioxidant Activity of Quercetin: A Mechanistic Review[END_REF]. ET-based method mechanism also depends on the solvent due to the stabilization of charged compounds [START_REF] Ou | Analysis of Antioxidant Activities of Common Vegetables Employing Oxygen Radical Absorbance Capacity (ORAC) and Ferric Reducing Antioxidant Power (FRAP) Assays: A Comparative Study[END_REF].

There are two components involved in ET-based methods, including antioxidant and oxidant (probe). The reaction occurs between the probe and an electron from the antioxidant agent, leading to a change in the probe's color. The level of color-changing is correlated to the antioxidant concentration.

Therefore, to make the correlation equation, the antioxidant capacity is equal to reducing capacity.

2.12.5.2.

In vitro antioxidant capacity methods commonly used in literature

The antioxidant activity of phenolic compounds is based on their capability in donating hydrogen or electron as well their ability to delocalise the unpaired electron within an aromatic ring (Fernandez-Panchon et al., 2008a). From a biological point of view, the antioxidant capacity of phenolic compounds lays in their ability in protecting molecules from oxidative stress. Table 2.19 summarizes the frequently used in vitro methods that have been used to evaluate the antioxidants properties of phenolic compounds.

(ii) M(III) + AH AH . + M(II) 

DPPH method

The 2,2-diphenyl-1-picrylhydrazine (DPPH) radical scavenging assay was proposed by Blois [START_REF] Blois | Antioxidant Determinations by the Use of a Stable Free Radical[END_REF] and was slightly modified by several researchers. DPPH method is the most widely used for antioxidant evaluation for plant samples [START_REF] Krishnaiah | A review of the antioxidant potential of medicinal plant species[END_REF]. demonstrates the significant free radical scavenging capacity of tested samples.

ABTS method

Along with the DPPH assay, the ABTS radical scavenging assay is the second most used for antioxidant capacity evaluation from plant extracts. The oxidation reaction of ABTS with potassium persulfate produces the ABTS radical cation. The inhibition of ABTS radical cation in the presence of hydrogen-donating antioxidants is determined by spectrophotometry technique at a wavelength of 734nm. This method can assess both lipophilic and hydrophilic compounds. Antioxidant activity can be expressed in Trolox-equivalent antioxidant capacity (TEAC) concentration (TEAC/mg).

ORAC assay

The oxygen radical absorbance capacity (ORAC) method can measure the antioxidant capacity of foods and other chemical substances such as phenolic compounds. 2,2'-azobis (2amidinopropane)dihydrochloride (AAPH) is a peroxyl radical generator, and Cu 2+ -H2O2/ CuSO4 is a hydroxyl radical generator of ORAC assay. This method is evaluated based on the area under the curve (AUC) technique and measures the kinetic of free radicals reaction. ORAC assay has been used by many researchers to assess the antioxidant from plants in recent years.

PCL assay

Luminol-photo-chemiluminescence (PCL) assay is used to determine superoxide radical inhibition of a pure compound or mixture compounds from various sources such as vegetables, fruits, and synthetic. This assay can be used to measure the antioxidant capacity of both hydrophilic and lipophilic substances in lipid and aqueous phases. Because of photosensitizer presence, this method is based on a 1000-fold enhancement of the oxidative reaction compared to normal conditions. PCL method is a rapid and sensitive technique.

β-carotene linoleic acid bleaching Assay (or Crocin-Bleaching Assay)

The β-carotene linoleic acid bleaching Assay (or Crocin-Bleaching assay) is one of the techniques, which is suitable for natural antioxidants (H. E. [START_REF] Miller | A simplified method for the evaluation of antioxidants[END_REF]. In this assay, quercetin, BHT, and α-tocopherol are used as standards. This method allows quantifying the inhibition of volatile organic compounds and conjugated diene hydroperoxides obtaining from linoleic acid oxidation of antioxidant agents. As a result, β-carotene is discolored.

FRAP assay

Ferric reducing-antioxidant power (FRAP) assay evaluates the ability to reduce ferric iron of antioxidants. The principle of this method is to inhibit the complex between ferric iron and 2,3,5triphenyl-1,3,4-triaza-2-azoniacyclopenta-1,4-diene chloride (TPTZ) to produce the ferrous form at low pH. Antioxidants' inhibition capacity can measure the changing of absorbance value at 593nm wavelength using a diode-array spectrophotometer. FRAP values can be determined by changing the absorbance value of TPTZ-Fe 3+ to TPTZ-Fe 2+ of tested samples [START_REF] Benzie | The Ferric Reducing Ability of Plasma (FRAP) as a Measure of "Antioxidant Power": The FRAP Assay[END_REF].

TRAP assay

The total radical-trapping antioxidant parameter (TRAP) method is based on the retarding of antioxidants on R-phycoerythrin's fluorescence decay (R-PE) peroxidation reaction. 2,2'-azobis (2amidinopropane) dihydrochloride (ABAP) is a radical generator in this method, which can suppress R-PE's fluorescence. This inhibition reaction is determined in the presence of antioxidant substances.

Therefore, through quantification of the decay in decoloration of samples, the antioxidant capacity is evaluated. TRAP values are obtained from the length of the lag-phase and compared to standards.

2.12.5.3. Measurement of reactive oxygen/ nitrogen species method 2.12.5.

Hydrogen peroxide scavenging (H2O2) assay

Nowadays, human beings are indirectly exposed from the environment to about 0.28mg/kg/day of hydrogen peroxide (H2O2) through respiration, eye, or skin contact. In the body, H2O2

can quickly decompose into oxygen and water, which may produce the hydroxyl radical (OH . ).

Hydroxyl radical (OH . ) in the body can cause DNA damage. Therefore, it is vital to protect the body from hydrogen peroxide by using antioxidant agents. The antioxidant capacity is determined by the ability to scavenge hydrogen peroxide, according to Ruch et al. [START_REF] Ruch | Prevention of cytotoxicity and inhibition of intercellular communication by antioxidant catechins isolated from Chinese green tea[END_REF] method. This method is based on determining the changing absorbance at 230nm of hydrogen peroxide before adding the antioxidant substances using a spectrophotometer.

Nitric oxide scavenging activity

In biological tissues, nitric oxide (NO . ) radical is produced by specific nitric oxide synthases [START_REF] Ghafourifar | Mitochondrial nitric oxide synthase[END_REF]. This method is based on decomposing in an aqueous solution to sodium nitroprusside's physiological conditions to produce nitric oxide (NO . ). The sample's antioxidant capacity can be measured by changing the absorbance at 546nm of tested samples and the Griess agent's presence [START_REF] Marcocci | The Nitric Oxide-Scavenging Properties of Ginkgo Biloba Extract EGb 761[END_REF].

Peroxynitrite radical scavenging activity

Peroxynitrite (ONOO . ) radical is a cytotoxic substance, which can cause cell death, lipid peroxidation, carcinogenesis, and aging. Peroxynitrite (ONOO . ) is produced in vivo by several cell types such as endothelial, Kupffer, neutrophils, and macrophage cells. The method is reported by Kooy et al. [START_REF] Kooy | Peroxynitrite-mediated oxidation of dihydrorhodamine 123[END_REF] using the dihydroxyrhodamine 123 (DHR 123) as a radical scavenger.

Scavenging activity for peroxynitrite of studied solution can be measured on a microplate fluorescence spectrophotometer at a wavelength of 485-530nm.

2.12.5.4.

In vivo methods

The antioxidants capacity of phenolic compounds is also measured by in vivo methods. In this step, samples have to be tested using animal models such as mice and rats in a dose-dependent manner.

After the determined time, the animal's blood and tissues have to be treated for the assays. Several assays were used for this test, and the most common method are the ferric reducing ability of plasma, reduce glutathione (GSH) estimation, lipid peroxidation, and LDL assays [START_REF] Alam | Review on in vivo and in vitro methods evaluation of antioxidant activity[END_REF]. However, in this Ph.D. part, we focus on the in vitro antioxidant capacity methods.

2.12.6.

Chemical structures of phenolic compounds and antioxidants activity relationship

Phenolic compounds have the phenyl moiety (hydroxyls substituents on the benzene rings)

responsible for antioxidant activity. The antioxidants mechanism for phenolic compounds can be defined by radical scavenging via hydrogen atom donation (H + / H . ). Other antioxidants are defined as a radical suppression mechanism by electron donation and singlet oxygen inhibition [START_REF] Shahidi | Antioxidants[END_REF].

Therefore, the antioxidant property of phenolic compounds is estimated based on the ability to scavenge free radicals, hydrogen atoms donation, electrons donation, and chelate metal cations interaction [START_REF] Amarowicz | Free-radical scavenging capacity and antioxidant activity of selected plant species from the Canadian prairies[END_REF]. The chemical structure of phenolic compounds is a significant factor in defining their radical scavenging and metal chelating activity. Thus, understanding the structure-activity relationship (SAR) in phenolic compounds' antioxidants activity is vitally important.

2.12.6.1.

Phenolic acids (C6)

Figure 2.2 represents the general structure of phenolic compounds and sub-classified flavonoids from plants. The classification of natural phenolic compounds is also mentioned in 2.3.2 of this chapter. Structures-antioxidants activity relationship of phenolic compounds has been addressed in the literature [START_REF] Balasundram | Phenolic compounds in plants and agri-industrial byproducts: Antioxidant activity, occurrence, and potential uses[END_REF].

For phenolic acids, the relationship between antioxidant capacity with the numbers and position of hydroxyl groups to the carboxyl functional groups has been reported [START_REF] Rice-Evans | Structure-antioxidant activity relationships of flavonoids and phenolic acids[END_REF]. Interestingly, the -OH moiety at the ortho-or para-position to the -COOH showed no antioxidant effect with monohydroxybenzoic. However, it showed antioxidant activity in the case of mhydroxybenzoic acid [START_REF] Rice-Evans | Structure-antioxidant activity relationships of flavonoids and phenolic acids[END_REF]. Moreover, phenolic compounds' antioxidant capacity increases when increasing the level of hydroxylation, such as trihydroxylated gallic acid, which shows a high antioxidant activity [START_REF] Balasundram | Phenolic compounds in plants and agri-industrial byproducts: Antioxidant activity, occurrence, and potential uses[END_REF]. The higher degree of -OH groups in the aromatic ring of phenolic compounds, the higher Trolox equivalent antioxidant capacity (TEAC) values were also observed by ABTS and DPPH methods [START_REF] Sevillano | Model Comparison for the Prediction of the Solubility of Green Tea Catechins in Ethanol/Water Mixtures[END_REF]. Nevertheless, the substitution of -OH groups at the 3-and 5-position in benzene ring such as syringic acid (Figure 2.23A) reduces the antioxidant capacity as found by Rice-Evans et al. [START_REF] Rice-Evans | Structure-antioxidant activity relationships of flavonoids and phenolic acids[END_REF]. 2.12.6.2.

Hydroxybenzoic (C6-C1) and hydroxycinnamic acids (C6-C3)

Hydroxycinnamic acids (Figure 2.22B) possess a higher antioxidant capacity compared to hydroxybenzoic acids (Figure 2.23A) [START_REF] Andreasen | Antioxidant Effects of Phenolic Rye (Secale cereale L.) Extracts, Monomeric Hydroxycinnamates, and Ferulic Acid Dehydrodimers on Human Low-Density Lipoproteins[END_REF]. This difference might come from the -CH=CH-COOH group of hydroxycinnamic acids type because this group may give more remarkable H-donating ability and radical stabilization than the -COOH functional group case hydroxybenzoic acids [START_REF] Rice-Evans | Structure-antioxidant activity relationships of flavonoids and phenolic acids[END_REF]. The presence of ortho-dihydroxy substitution in the aromatic ring also plays a vital role in the antioxidant activity (H. Wang et al., 2008). In the report of Fernandez-Panchon et al. (Fernandez-Panchon et al., 2008b), the higher ORAC values of protocatechuic and caffeic acid compared to tested phenolic compounds were found.

The ester form of gallic acid and catechin showed higher antioxidant activity has been observed (Fernandez-Panchon et al., 2008b). They found that the enhancement of radicals scavenging of catechin-gallate esters by ABTS assay to catechins and gallic acid might be thanks to the contribution of the trihydroxybenzoate form. Unlike the relationship between hydroxybenzoic and hydroxycinnamic acids with the antioxidant activity, the SAR of flavonoids is more complicated due to the relative complexity of flavonoid molecules [START_REF] Balasundram | Phenolic compounds in plants and agri-industrial byproducts: Antioxidant activity, occurrence, and potential uses[END_REF]. The substitutions' chemical structure properties on ring B and C (Figure 2.23) can determine flavonoids' antioxidant activity. The difference between the degree and positions of substitutions cause the difference in these phenolic compounds' antioxidant capacity. The level and position of hydroxyl groups in the B ring, particularly an ortho-dihydroxyl structure of ring B (catechol group), may lead to higher antioxidant activity. The higher stability may explain this characteristic for the aroxyl radical by electron delocalization [START_REF] Van Acker | Structural aspects of antioxidant activity of flavonoids[END_REF].

Moreover, according to Pietta [START_REF] Pedrosa | Determination of caffeic and chlorogenic acids and their derivatives in different sunflower seeds[END_REF], ring B's ortho-dihydroxyl structure can also act as the preferred binding site for trace metals. (+)-catechin, (-)-epicatechin, and quercetin (Figure 2.24) possess ortho-dihydroxyl structure showed higher antioxidant capacity in ORAC values (Fernandez-Panchon et al., 2008b).

The presence of -OH groups at the 3', 4', and 5'-position of ring B (pyrogallol group) showed a higher antioxidant capacity than those that have only one -OH group, according to Van Acker et al.

( [START_REF] Van Acker | Structural aspects of antioxidant activity of flavonoids[END_REF]. However, these compounds can work as pro-oxidants under some conditions. Hence, it can counteract the antioxidant effects [START_REF] Van Acker | Structural aspects of antioxidant activity of flavonoids[END_REF]. This observation was also consistent with the finding of Seeram and Nair [START_REF] Seeram | Inhibition of Lipid Peroxidation and Structure-Activity-Related Studies of the Dietary Constituents Anthocyanins, Anthocyanidins, and Catechins[END_REF]. They found that anthocyanidin's antioxidant capacity increases in 3', 4', and 5'-hydroxyl group in B ring compared to 3', 4'-OHs decreasing the antioxidant capacity for the case of catechins.

The antioxidant capacity of flavonoids enhances double bonds between C-2 and C-3, and conjugated with the 4-oxo group in ring C has been reported by [START_REF] Pedrosa | Determination of caffeic and chlorogenic acids and their derivatives in different sunflower seeds[END_REF]. The participation in electron delocalization from the B ring contributes to this effect (N. J. [START_REF] Miller | The relative contributions of ascorbic acid and phenolic antioxidants to the total antioxidant activity of orange and apple fruit juices and blackcurrant drink[END_REF]. Therefore, quercetin (Figure 2.24) exhibited a higher TEAC value than catechin [START_REF] Salah | Polyphenolic Flavanols as Scavengers of Aqueous Phase Radicals and as Chain-Breaking Antioxidants[END_REF]. With the same hydroxylation patterns in the structure, flavones showed higher antioxidant capacity than anthocyanidins tested (H. [START_REF] Wang | Oxygen Radical Absorbing Capacity of Anthocyanins[END_REF]. Whereas, in the report of Lien et al. [START_REF] Lien | Quantitative structure-activity relationship analysis of phenolic antioxidants[END_REF], there was no significant difference in antioxidant activity in the presence or absence of the C2 and C3 double bond. Besides, the number of -OH groups in the C ring in flavones and isoflavones is responsible for ORAC values [START_REF] Rice-Evans | Structure-antioxidant activity relationships of flavonoids and phenolic acids[END_REF].

The radical scavenging ability of flavonoids is also enhanced by the double bond between C-2 and C-3, combined with a hydroxyl group at C-3 in ring C as observed in kaempferol [START_REF] Van Acker | Structural aspects of antioxidant activity of flavonoids[END_REF]. However, in Seeram and Nair's [START_REF] Seeram | Inhibition of Lipid Peroxidation and Structure-Activity-Related Studies of the Dietary Constituents Anthocyanins, Anthocyanidins, and Catechins[END_REF] study, the substitution of the 3-OH caused the reduced antioxidant activity of flavonoids. This phenomenon can be explained by the increasing torsion angle and loss of coplanarity in the presence of 3-OH in ring C. The most significant ABTS values were found in the case of flavan-3-ols with several hydroxyl groups, according to Salah et al. [START_REF] Salah | Polyphenolic Flavanols as Scavengers of Aqueous Phase Radicals and as Chain-Breaking Antioxidants[END_REF]. Meanwhile, the study about the antioxidant capacity for anthocyanidins by ORAC assay (H. [START_REF] Wang | Oxygen Radical Absorbing Capacity of Anthocyanins[END_REF] and flavan-3-ols (Fernandez-Panchon et al., 2008b) against previous results. Besides, the relationship between peroxyl radical adsorbing activity and the number of -OH groups in flavonoids is linear in the case of flavones, but curvilinear for flavanones as observed in the report Cao et al. [START_REF] Cao | Antioxidant and Prooxidant Behavior of Flavonoids: Structure-Activity Relationships[END_REF].

The radical scavenging capacity of flavonoids also can be affected by the presence of methoxyl groups in ring B instead of hydroxyl groups as has been reported by several researchers [START_REF] Seeram | Inhibition of Lipid Peroxidation and Structure-Activity-Related Studies of the Dietary Constituents Anthocyanins, Anthocyanidins, and Catechins[END_REF]. Indeed, the contribution of the 3-OH group in flavonoids is vitally essential in terms of antioxidant activity reported elsewhere [START_REF] Heijnen | Flavonoids as peroxynitrite scavengers: The role of the hydroxyl groups[END_REF]. The inhibition of antioxidant activity for rutin (Figure 2.24) when blocking the 3-OH group in the B ring has been published [START_REF] Salah | Polyphenolic Flavanols as Scavengers of Aqueous Phase Radicals and as Chain-Breaking Antioxidants[END_REF].

Additionally, Rice-Evans et al. (Rice-Evans et al., 1996, p. 1) found that 3-and 5-OH groups with the 4-oxo function in A and C rings were necessary for the effectiveness of free radical scavenging activity.

All flavonoids molecules structure with the antioxidant relationship are mentioned above are illustrated in Figure 2.24. 

Phenolic compounds and antioxidants applications

The antioxidant phenolic compounds from synthetic and natural sources have been applied in the food processing system and the body's health system. However, the concerning safety of phenolic synthetic antioxidants compounds such as BHA, BHT, TBHQ, and PG led to an interest in natural antioxidants compounds (U. N. [START_REF] Wanasundara | Antioxidant and pro-oxidant activity of green tea extracts in marine oils[END_REF]. Indeed, phenolic compounds from plant sources are considered natural antioxidants in numerous edible oils such as corn, cottonseed, fish, olive, rapeseed, sunflower, and soybean oils [START_REF] Yanishlieva | Stabilisation of edible oils with natural antioxidants[END_REF].

2.12.7.1.

Phenolic compounds as food antioxidants

The possible application of antioxidant phenolic compounds is based on the type of food products. The direct application of ground oilseed has been considered in meat products [START_REF] Schmidt | Potential application of oilseeds as sources of antioxidants for food lipids &ndash; a review[END_REF]. In particular, the application of oilseed meals antioxidants to several products such as bakery, meat, or potato products has been found [START_REF] Schmidt | Potential application of oilseeds as sources of antioxidants for food lipids &ndash; a review[END_REF]. Procyanidin peanut, and fish oil tested in the bulk system [START_REF] Frankel | Antioxidants in lipid foods and their impact on food quality[END_REF]. Moreover, synthetic antioxidant BHT, combined with rosemary extract, can increase the antioxidant activity in the suppression oxidation of soybean oil [START_REF] Basaga | Antioxidative and Free Radical Scavenging Properties of Rosemary Extract[END_REF]. Antioxidant phenolic compounds from green tea extract can be used in marine oils (U. N. [START_REF] Wanasundara | Antioxidant and pro-oxidant activity of green tea extracts in marine oils[END_REF]. Tea catechins were also reported by Tang et al.

(S. [START_REF] Tang | A comparative study of tea catechins and αtocopherol as antioxidants in cooked beef and chicken meat[END_REF] to be more effective than α-tocopherol in suppressing the lipid oxidation in fresh meats, poultry, and fish. Pistachio hull phenolic extract at 0.06% (w/w) can be as effective as BHA and BHT at 0.02% antioxidant in inhibiting the oxidation of soybean oil [START_REF] Goli | Antioxidant activity and total phenolic compounds of pistachio (Pistachia vera) hull extracts[END_REF].

Phenolic antioxidants in health effects

The intake of phenolic compounds daily from plant sources such as fruits, leaves, and seeds can significantly affect individual health status (Naczk & Shahidi, 2004b). Phenolic compounds such as hydroxycinnamic acid conjugates and flavonoids possess high antioxidant activities in vitro against cardiovascular disease and cancer [START_REF] Boudet | Evolution and current status of research in phenolic compounds[END_REF][START_REF] Miller | The relative contributions of ascorbic acid and phenolic antioxidants to the total antioxidant activity of orange and apple fruit juices and blackcurrant drink[END_REF]. Neoplasia, atherosclerosis, and neurodegenerative diseases are involved in the oxidative stress process, which is implied by reactive oxygen species (ROS). Therefore, the phenolic compounds, including flavonoids, were considered the efficacies of antioxidants due to their direct scavenging of free radicals [START_REF] Heim | Flavonoid antioxidants: Chemistry, metabolism and structure-activity relationships[END_REF]. Thereby, the ROS levels can be decreased in the body (M. J. [START_REF] Park | Reactivities of Mononuclear Non-Heme Iron Intermediates Including Evidence that Iron(III)-Hydroperoxo Species Is a Sluggish Oxidant[END_REF]. Low risk of cancer was supplemented with multiple antioxidant products (M. J. [START_REF] Park | Reactivities of Mononuclear Non-Heme Iron Intermediates Including Evidence that Iron(III)-Hydroperoxo Species Is a Sluggish Oxidant[END_REF]. The additive and synergistic effects of phenolic antioxidants are likely to lead to cancer (L. [START_REF] Liu | The antiatherogenic potential of oat phenolic compounds[END_REF] reported that the combination of antioxidant compounds in fruits such as orange, apple, grape, and blueberry could gain a synergistic effect on antioxidant activity in vitro. The half-maximal effective concentration (EC50) of this combination was up to five time higher than individual antioxidants [START_REF] Lien | Quantitative structure-activity relationship analysis of phenolic antioxidants[END_REF].

Hydrocinnamic acid derivates and flavonoids can exhibit antioxidant and other biological activities in vivo [START_REF] Olthof | Bioavailability of flavonoids and cinnamic acids and their effect on plasma homosysteine in humans[END_REF]. These phenolic compounds can act as anti-allergenic, anti-atherogenic, antiinflammatory, antimicrobial, antioxidant, anti-thrombotic, cardioprotective vasodilatory agents [START_REF] Manach | Polyphenols and prevention of cardiovascular diseases[END_REF][START_REF] Middleton | The Effects of Plant Flavonoids on Mammalian Cells:Implications for Inflammation, Heart Disease, and Cancer[END_REF]. Tea polyphenols including epigallocatechin-3-gallate (EGCG), the primary catechin in green tea, can be used as cancer chemopreventive agents such as in lungs, liver, gastrointestinal tract, skin, and prostate cancer (N. [START_REF] Khan | Cancer and metastasis: Prevention and treatment by green tea[END_REF][START_REF] Klaus | Epigallocatechin gallate attenuates diet-induced obesity in mice by decreasing energy absorption and increasing fat oxidation[END_REF]. The antioxidant activity and colon cancer treatment of EGCG enhanced upon conjugation with docosahexaenoic acid (DHA) [START_REF] Zhong | Lipophilised epigallocatechin gallate (EGCG) derivatives and their antioxidant potential in food and biological systems[END_REF]. Orange peel extract containing poly-methoxy flavones showed anti-inflammatory, anti-carcinogenic, anti-viral, antioxidant, anti-thrombogenic antiatherogenic properties [START_REF] Manach | Polyphenols and prevention of cardiovascular diseases[END_REF][START_REF] Middleton | The Effects of Plant Flavonoids on Mammalian Cells:Implications for Inflammation, Heart Disease, and Cancer[END_REF].

Phenolic compounds antioxidants were found as anti-obesity agents. [START_REF] Huang | Studies on principal components and antioxidant activity of different Radix Astragali samples using high-performance liquid chromatography/electrospray ionization multiple-stage tandem mass spectrometry[END_REF] found that antioxidant phenolic compounds in orange peel, black tea extract, caffeine could suppress the body weight gain and adipose tissue formation. In particular, caffeine could lose weight by suppressing food intake and reducing adipose tissue mass [START_REF] Kobayashi-Hattori | Effect of Caffeine on the Body Fat and Lipid Metabolism of Rats Fed on a High-Fat Diet[END_REF][START_REF] Tremblay | Caffeine reduces spontaneous energy intake in men but not in women[END_REF]. Resveratrol, a robust antioxidant product mainly found in red wine, was reported to be one of the most effective in obesity treatment [START_REF] Rayalam | Resveratrol induces apoptosis and inhibits adipogenesis in 3T3-L1 adipocytes: Resveratrol effects on 3T3-L1 adipocytes[END_REF]. Resveratrol could inhibit adipogenesis and induce adipocytes apoptosis by effecting the expression of genes that can modulate mitochondrial function. EGCG was an anti-obesity active compound (N. [START_REF] Khan | Cancer and metastasis: Prevention and treatment by green tea[END_REF][START_REF] Klaus | Epigallocatechin gallate attenuates diet-induced obesity in mice by decreasing energy absorption and increasing fat oxidation[END_REF].

Hydroxytyrosol, a primary phenolic compound composes in olive oil, was found to reduce the risk of coronary heart disease [START_REF] Tuck | Major phenolic compounds in olive oil: Metabolism and health effects[END_REF]. Resveratrol is a phenolic compound that exhibited high antioxidant activity for anti-aging-related diseases such as cancer, type 2 diabetes, and cardiovascular [START_REF] Marques | Resveratrol: Cellular actions of a potent natural chemical that confers a diversity of health benefits[END_REF]. Resveratrol is found in plant sources such as grapes, pistachio, peanuts, berry fruit, or in the beverage such as red wine (J. [START_REF] Wu | Mechanism of cardioprotection by resveratrol, a phenolic antioxidant present in red wine (Review)[END_REF]. EGCG, an antioxidant phenolic, also can be used as a cardiovascular protective compound (N. [START_REF] Khan | Cancer and metastasis: Prevention and treatment by green tea[END_REF][START_REF] Klaus | Epigallocatechin gallate attenuates diet-induced obesity in mice by decreasing energy absorption and increasing fat oxidation[END_REF].

Inflammation

2.13.1. Background

Definition

Inflammation is a protective response to tissue injury, bacteria, viruses, pathogens, or harmful external stimuli such as allergens and irritants [START_REF] Costa | Intracellular Signaling Pathways Modulated by Phenolic Compounds: Application for New Anti-Inflammatory Drugs Discovery[END_REF][START_REF] Joseph | Fruit Polyphenols: A Review of Antiinflammatory Effects in Humans[END_REF]. During inflammation, proteins and leukocytes from blood travel up to the extra-vascular tissue causing clinical characteristics of inflammation, swelling, warmth, redness, and pain [START_REF] Yoon | Molecular targets of dietary polyphenols with anti-inflammatory properties[END_REF]. The objective is to suppress the injurious stimuli and onset tissue healing [START_REF] Rathee | Mechanism of Action of Flavonoids as Anti-inflammatory Agents: A Review[END_REF]. Inflammation is modulated to avoid immune system's over-activation and unwanted immune response [START_REF] Rathee | Mechanism of Action of Flavonoids as Anti-inflammatory Agents: A Review[END_REF]. Many immune cell types participate in this action, including T cells, B cells, natural killer (NK) cells, mast cells, and neutrophils [START_REF] Rathee | Mechanism of Action of Flavonoids as Anti-inflammatory Agents: A Review[END_REF].

Inflammatory response

Inflammatory response is important to suppress infection and repair damaged tissues [START_REF] Joseph | Fruit Polyphenols: A Review of Antiinflammatory Effects in Humans[END_REF]. There are two types of inflammation; acute and chronic inflammation [START_REF] Costa | Intracellular Signaling Pathways Modulated by Phenolic Compounds: Application for New Anti-Inflammatory Drugs Discovery[END_REF].

Acute inflammation is regulated by the responses of immune cells, is rapid, effective, and self-limiting.

Unlike acute inflammation, chronic inflammation happens when inflammation persists for an extended period due to inefficient regulation. Inflammatory responses are associated to the production of proinflammatory molecules and cytokines, whose expression is regulated by several signaling pathways.

There is a myriad of inflammatory mediators produced by immune cells, such as nitric oxide (NO); signaling pathways such as mitogen-activated protein kinases (MAPKs), phosphatidylinositol 3-kinase (PI3K)/RAC-α serine/threonine-protein kinase (Akt), and the ubiquitin-proteasome system [START_REF] Costa | Intracellular Signaling Pathways Modulated by Phenolic Compounds: Application for New Anti-Inflammatory Drugs Discovery[END_REF]. The overexpression of inflammatory mediators during chronic inflammation is associated to chronic diseases such as Alzheimer's disease, diabetes, atherosclerosis, and cancer. Slowing down or suppressing inflammatory activity is a way to treat or prevent these diseases. This is why antiinflammatory drugs are widely used. However, these synthetic drugs have side effects, including gastrointestinal disorders, renal failure, water retention, and hypersensitivity [START_REF] Hawkey | Non-steroidal anti-inflammatory drugs: Overall risks and management. Complementary roles for COX-2 inhibitors and proton pump inhibitors[END_REF][START_REF] Tamblyn | Unnecessary Prescribing of NSAIDs and the Management of NSAID-Related Gastropathy in Medical Practice[END_REF]. Furthermore, there are growing resistance to anti-inflammatory drugs. translocates into the nucleus. This process allows NF-κB to induce the transcription of genes related to inflammation, such as inducible nitric oxide synthase (iNOS) and cyclooxygenase 2 (COX-2), as well as several inflammatory mediators such as TNF-α, IL-6, and CXCL8. Therefore, new anti-inflammatory agents should act on the NF-κB signaling pathway to reduce inflammation [START_REF] Manna | Resveratrol suppresses TNF-induced activation of nuclear transcription factors NF-κB, activator protein-1, and apoptosis: Potential role of reactive oxygen intermediates and lipid peroxidation[END_REF].

Activator protein-1

Activator protein 1 (AP-1) is a transcription factor produced in response to infection and cytokines. AP-1 is a complex between the Jun protein family, Fos, and the activating transcription factor (ATF). AP-1 binding to DNA modulates the expression of genes involved in inflammation [START_REF] Schonthaler | Targeting inflammation by modulating the Jun/AP-1 pathway[END_REF]. Several reports demonstrated that AP-1 activity is governed by mitogen-activated protein kinases (MAPK), especially by c-Jun N-terminal kinase (JNK) via cJun phosphorylation [START_REF] Erdèlyi | Gallotannin Inhibits the Expression of Chemokines and Inflammatory Cytokines in A549 Cells[END_REF]. Besides, a positive synergetic interaction between NF-κB and AP-1 activities was observed [START_REF] Stein | Cross-coupling of the NF-kappa B p65 and Fos/Jun transcription factors produces potentiated biological function[END_REF]. Therefore, reducing AP-1 activity could limit the inflammation process.

Nuclear factor erythroid 2-related factor 2

Leukocytes locates in damaged tissue during inflammation. Consequently, there is a respiratory burst phenomenon due to the increase in the damaged site's oxygen level. Along with that, damaged tissue significantly increases reactive species (ROS) production. Besides, inflammatory cells release soluble mediators like cytokines and chemokines. The nuclear factor erythroid 2-related factor 2 (Nrf-2) is an emerging regulator of cellular resistance to oxidants. Nrf-2 controls the basal and induced expression of an array of antioxidant response element-dependent genes to regulate the physiological and pathophysiological outcomes of oxidant exposure (Q. [START_REF] Ma | Role of Nrf2 in Oxidative Stress and Toxicity[END_REF]. Therefore, acting on the Nrf-2 signaling pathway could be another way to prevent tissue from inflammation.

Protein tyrosine kinase

Protein tyrosine kinase (PTK) is a catalyst for the tyrosine phosphorylation of proteins related to the Toll-like receptor (TLR) signaling pathway. Hence, PTK is a critical factor for cytokine production. Besides, PTK is involved in the intracellular response to abundant cytokines such as TNFα, IL-6, and IL-10 (Page et al., 2009). Therefore, regulation of PTK activity can be a way to regulate the inflammatory response.

Mitogen-activated protein kinases signaling pathway

The mitogen-activated protein kinases (MAPK) signaling pathway is activated by proinflammatory stimuli such as TNF-α and IL-1β. There are three main sub-groups of MAPK (ERK1/2, JNK, and p38 MAPK) which can differently control the expression of target genes. The ERK1/2 signaling pathway is commonly referred to as cell differentiation and survival. Meanwhile, JNK and p38 MAPK are activated by pro-inflammatory cytokines and oxidants responsible for modulating proinflammatory mediators' level. MAPK activation can modulate several transcription factors such as NF-κB, AP-1, and Nrf2. This process increases the expression of target genes and inflammatory mediators' production [START_REF] Broom | Mitogen activated protein kinases: A role in inflammatory bowel disease?[END_REF]. Hence, the inhibition of MAPK signaling could also contribute to limit inflammation.

Phosphatidylinositol 3-kinase (PI3K)/Rac-alpha serine/threonine-protein kinase (Akt)

The PI3K pathway is activated by numerous inflammatory mediators, growth factors, and hormones. The activation of PI3K induces the production of phosphatidylinositol (3,4,5)-triphosphate (PIP3) which activates Akt. Akt is a protein responsible for cell growth, proliferation, survival, and inflammatory response. Therefore, regulating PI3K signaling pathway can inhibit inflammation.

Mediators of inflammation

During the inflammatory process, cell activation induces the production of different mediators.

Table 2.20 presents some of them. 

Nitric oxide

Nitric oxide (NO) is produced from L-arginine by nitric oxide synthase (NOS). Inflammatory factors induce iNOS (inducible NOS) production in macrophages [START_REF] Geller | Molecular biology of nitric oxide synthases[END_REF].

Overproduction of NO from iNOS (Figure 2.25) for a long duration is responsible for the pathogenesis of inflammatory disease [START_REF] Broom | Mitogen activated protein kinases: A role in inflammatory bowel disease?[END_REF]. Thus, the inhibition of NO production and iNOS expression activity is crucial for developing new drugs for inflammatory treatment.

Arachidonic acid signaling pathway

The arachidonic acid (AA) signaling pathway also generates inflammatory mediators. AA is an unsaturated fatty acid that is a normal constituent of membrane phospholipids. It is released from the phospholipids by the actions of phospholipase A2. Then, cyclooxygenase (COX) and lipoxygenase (LOX) metabolize it. COX-1 generates thromboxane A2 (TXA2), and COX-2 produces prostaglandin (PG) E2. LPS and pro-inflammatory cytokines activate COX-2 expression [START_REF] Figueirinha | Anti-Inflammatory Activity of Cymbopogon citratus Leaf Infusion in Lipopolysaccharide-Stimulated Dendritic Cells: Contribution of the Polyphenols[END_REF].

Meanwhile, LOX is responsible for generating 5-hydroxyeicosatetraenoic acid (5HETE) and leukotrienes (LT). Thus, the inhibition of COX-2 and LOX can reduce the production of critical mediators of inflammation.

Cytokines and chemokines

Cytokines and chemokines are important for the modulation of vascular changes, the arrival of immune cells at the inflammatory foci, and intercellular communication. Indeed, cytokines are involved in various inflammatory diseases. Besides, chemokines are a family of small chemotactic cytokines that can modulate leukocyte migration. A good example is CXCL8, a chemokine generated by macrophages and epithelial cells. These molecules are inflammatory mediators and their inhibition is a new journey in discovering anti-inflammatory drugs.

Cell adhesion molecules

The function of vascular endothelial cells is to regulate the interactions between blood and vessels. Vascular endothelial cells exhibit a vital role in physiological and pathological systems. In inflammation and atherosclerosis, the adhesion of circulating monocytes to vascular endothelial cells is an important activity. Furthermore, endothelial cells respond to pro-inflammatory stimuli such as TNFα, IL-β, and LPS. Besides, the expression of adhesion molecules, such as vascular cell adhesion molecules (VCAM-1) and intercellular adhesion molecules (ICAM-1), can allow the migration of leukocytes. For this reason, the modulation of cell adhesion molecules expression can be useful in the context of drug development.

Inflammation treatment

There are two avenues for inflammatory treatment, namely conventional and alternative treatments. Conventional treatments involve synthetic drugs like NSAID (Nonsteroidal antiinflammatory drugs). Alternative treatments refer to natural products such as phenolic compounds to prevent or suppress inflammation. In this section, I will present the anti-inflammatory effects of NSAID and phenolic compounds.

Conventional Treatment: NSAIDs

Nowadays, NSAIDs are the most widely used drugs for treating various diseases that involve inflammation [START_REF] Tamblyn | Unnecessary Prescribing of NSAIDs and the Management of NSAID-Related Gastropathy in Medical Practice[END_REF]. According to a report about medication use in the US, more than 37% of adults consumed NSAID at least once per week. There are about 70 million prescriptions of NSAID yearly in the USA. The activity of NSAIDs is based on several mechanisms like inhibition of enzymes, cytokines production, and kinases. However, NSAIDs are not selective. For instance, some drugs can act as inhibitors of prostaglandin synthase enzymes like COX-1 and COX-2. The mechanism is to modify these enzymes covalently and combat with the substrates at the active location [START_REF] Williams | The role of cyclooxygenases in inflammation, cancer, and development[END_REF]. Due to their non-selective action on COX family, using NSAIDs in the long-term cause numerous adverse side effects. These side effects occur because of reducing COX-1 production. The main side effects are gastrointestinal disorders. Using NSAIDs for an extended period can lead to salt and water retention, renal function deficiency, and hypertension [START_REF] Hawkey | Non-steroidal anti-inflammatory drugs: Overall risks and management. Complementary roles for COX-2 inhibitors and proton pump inhibitors[END_REF]. Up to 7600 deaths and 76000 hospitalizations are related to NSAID use in the US [START_REF] Tamblyn | Unnecessary Prescribing of NSAIDs and the Management of NSAID-Related Gastropathy in Medical Practice[END_REF]. Nowadays, coxibs are the number one COX-2 selective drug inhibitors due to their fewer gastrointestinal side effects and their similar anti-inflammatory effect compared to non-selective drugs (Bombardier et al. 2000;Vane 2000).

However, one of the severe side effects of coxibs is to enhance renal sodium reabsorption. Consequently, patients using coxibs can suffer of unwanted hypertension [START_REF] Hawkey | Non-steroidal anti-inflammatory drugs: Overall risks and management. Complementary roles for COX-2 inhibitors and proton pump inhibitors[END_REF].

Alternative Treatment: phenolic compounds

Since using NSAIDs cause severe side effects, searching for new natural drugs is a promising way to inhibit inflammatory development and progression. Phenolic compounds are abundant small molecules present in plants, fruits, leaves, and seeds. They are very attractive to researchers because of their anti-inflammatory properties. I will therefore present the anti-inflammatory activities of phenolic compounds from natural resources.

Effects of phenolic compounds on transcription factors

The inflammatory response is associated with a series of intracellular signaling pathways that be modulated by phenolic compounds (Figure 2.26). These compounds can regulate the NF-κB pathway from the early stage, like IKK phosphorylation, up to the later stage, like the binding of NF-κB to DNA which induces the expression of target genes involved in the inflammatory response. , 2004), morin [START_REF] Manna | Morin (3, 5, 7, 2′, 4′pentahydroxyflavone) abolishes nuclear factor-κB activation induced by various carcinogens and inflammatory stimuli, leading to suppression of nuclear factor-κB-regulated gene expression and upregulation of apoptosis[END_REF], and epigallocatechin gallate (EGCG) [START_REF] Aneja | Epigallocatechin, a green tea polyphenol, attenuates myocardial ischemia reperfusion injury in rats[END_REF]. Besides, it was shown that morin [START_REF] Manna | Morin (3, 5, 7, 2′, 4′pentahydroxyflavone) abolishes nuclear factor-κB activation induced by various carcinogens and inflammatory stimuli, leading to suppression of nuclear factor-κB-regulated gene expression and upregulation of apoptosis[END_REF], EGCG (Kundu & SURH, 2007), catechin and epicatechin [START_REF] Mackenzie | Epicatechin, catechin, and dimeric procyanidins inhibit PMA-induced NF-κB activation at multiple steps in Jurkat T cells[END_REF] can inhibit I-κB phosphorylation. These compounds were also found as I-κB degradation inhibitors. Caffeic acid [START_REF] Moon | Effect of caffeic acid on tumor necrosis factor-alpha-induced vascular inflammation in human umbilical vein endothelial cells[END_REF], apigenin (C.-C. [START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF]Liang et al., 1999a), luteolin (C.-C. [START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF], and kaempferol (C.-C. [START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF]) also inhibit I-κB degradation. The phosphorylation of p65 is another way to activate the NF-κB signaling pathway. Thus, phenolic compounds such as EGCG (Kundu & SURH, 2007), caffeic acid [START_REF] Moon | Effect of caffeic acid on tumor necrosis factor-alpha-induced vascular inflammation in human umbilical vein endothelial cells[END_REF], resveratrol [START_REF] Manna | Resveratrol suppresses TNF-induced activation of nuclear transcription factors NF-κB, activator protein-1, and apoptosis: Potential role of reactive oxygen intermediates and lipid peroxidation[END_REF] and morin [START_REF] Manna | Morin (3, 5, 7, 2′, 4′pentahydroxyflavone) abolishes nuclear factor-κB activation induced by various carcinogens and inflammatory stimuli, leading to suppression of nuclear factor-κB-regulated gene expression and upregulation of apoptosis[END_REF] that inhibit p65 phosphorylation are also promising anti-inflammatory agents. Additionally, it was shown that catechin and epicatechin [START_REF] Mackenzie | Epicatechin, catechin, and dimeric procyanidins inhibit PMA-induced NF-κB activation at multiple steps in Jurkat T cells[END_REF], curcumin (G. [START_REF] Kang | Curcumin Suppresses Lipopolysaccharide-Induced Cyclooxygenase-2 Expression by Inhibiting Activator Protein 1 and Nuclear Factor κB Bindings in BV2 Microglial Cells[END_REF], resveratrol [START_REF] Manna | Morin (3, 5, 7, 2′, 4′pentahydroxyflavone) abolishes nuclear factor-κB activation induced by various carcinogens and inflammatory stimuli, leading to suppression of nuclear factor-κB-regulated gene expression and upregulation of apoptosis[END_REF], quercetin (C.-C. [START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF], and morin [START_REF] Manna | Morin (3, 5, 7, 2′, 4′pentahydroxyflavone) abolishes nuclear factor-κB activation induced by various carcinogens and inflammatory stimuli, leading to suppression of nuclear factor-κB-regulated gene expression and upregulation of apoptosis[END_REF] can inhibit the binding of NF-κB to DNA.

Several compounds such as resveratrol, quercetin, EGCG, catechin, epicatechin, and morin are inhibitors of the NF-κB signaling pathway in different ways and by targeting various molecules. Thus, one phenolic compound can regulate the signaling cascade at several levels and affect all subsequent processes as illustrated in Figure 2.26.

AP-1 activation is controlled by reactive oxygen species (ROS) and is modulated by several inflammatory mediators. This pathway is deactivated by antioxidants such as phenolic compounds.

Indeed, luteolin [START_REF] Hirano | Luteolin, a flavonoid, inhibits AP-1 activation by basophils[END_REF] Furthermore, DNA binding is reduced by the presence of curcumin (G. [START_REF] Kang | Curcumin Suppresses Lipopolysaccharide-Induced Cyclooxygenase-2 Expression by Inhibiting Activator Protein 1 and Nuclear Factor κB Bindings in BV2 Microglial Cells[END_REF], resveratrol [START_REF] Manna | Resveratrol suppresses TNF-induced activation of nuclear transcription factors NF-κB, activator protein-1, and apoptosis: Potential role of reactive oxygen intermediates and lipid peroxidation[END_REF], apigenin (C.-C. [START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF], luteolin (C.-C. [START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF], quercetin [START_REF] Wadsworth | Effects of Ginkgo biloba extract (EGb 761) and quercetin on lipopolysaccharide-induced signaling pathways involved in the release of tumor necrosis factor-α 1[END_REF], EGCG [START_REF] Aneja | Epigallocatechin, a green tea polyphenol, attenuates myocardial ischemia reperfusion injury in rats[END_REF], and kaempferol (C.-C. [START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF].

Besides, it was reported that these compounds inhibit the transcriptional activity of AP-1. Thus, these phenolic compounds extracted from plants can be candidates for inflammatory treatment.

Effects of phenolic compounds on protein tyrosine kinases

As indicated above, the regulation of PTK activity can be an efficient strategy to treat inflammatory processes. Phenolic compounds are modulators of PTK activity. Indeed, the upstream regulator of MAPK can be inhibited by luteolin [START_REF] Byun | Luteolin Inhibits Protein Kinase Cε and c-Src Activities and UVB-Induced Skin Cancer[END_REF] and kaempferol (S.-J. [START_REF] Kim | Anti-Inflammatory activity of chrysophanol through the suppression of NF-kB/caspase-1 activation in vitro and in vivo[END_REF]. Furthermore, curcumin can down-regulate the spleen tyrosine kinase (Syk) through binding on the activated site [START_REF] Gururajan | Spleen Tyrosine Kinase (Syk), a Novel Target of Curcumin, Is Required for B Lymphoma Growth[END_REF]. Syk kinase activity is also inhibited by apigenin, quercetin, myricetin, and morin in a concentration-dependent manner. The inhibition of Janus tyrosine kinase (JAK) is another strategy for regulating pro-inflammatory responses induced by cytokines. The inhibition of JAK can inhibit signal transducer and activator of transcription (STAT) and consequently the inflammation process. In that context, myricetin and piceatannol are considered as strong candidates to inhibit STAT3 activity.

Effects of phenolic compounds on mitogen-activated protein kinase

The inhibition of MAPK signaling can lead to anti-inflammatory effects. Phenolic compounds are interesting in that context because the activation of p38 MAPK can be blocked by curcumin [START_REF] Camacho-Barquero | Curcumin, a Curcuma longa constituent, acts on MAPK p38 pathway modulating COX-2 and iNOS expression in chronic experimental colitis[END_REF], apigenin (C.-C. [START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF], luteolin (C.-C. [START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF], quercetin [START_REF] Min | Quercetin inhibits expression of inflammatory cytokines through attenuation of NF-κB and p38 MAPK in HMC-1 human mast cell line[END_REF], icariin (Figure 2.29) (S.-R. [START_REF] Chen | Icariin Derivative Inhibits Inflammation through Suppression of p38 Mitogen-Activated Protein Kinase and Nuclear Factor-.κB Pathways[END_REF], EGCG [START_REF] Ichikawa | Effect of various catechins on the IL-12p40 production by murine peritoneal macrophages and a macrophage cell line, J774.1[END_REF], and gallotanin [START_REF] Erdelyi | Gallotannin inhibits the expression of chemokines and inflammatory cytokines in A549 cells[END_REF]. The inhibition of ERK activation was observed with all these phenolic compounds, except icariin. Besides, it was shown that luteolin (C.-C. [START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF], quercetin [START_REF] Wadsworth | Effects of Ginkgo biloba extract (EGb 761) and quercetin on lipopolysaccharide-induced signaling pathways involved in the release of tumor necrosis factor-α 1[END_REF], chrysin (C.-C. [START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF], and kaempferol (C.-C. Chen et al., 2004) can inhibit JNK activation.

Effects of phenolic compounds on phosphatidylinositol 3-kinase/Rac-alpha serine/threonine-protein kinase (PI3K/Akt)

Activation of the PI3K/Akt signaling pathway is involved in the regulation of inflammation [START_REF] Fougerat | Phosphoinositide 3-kinases and their role in inflammation: Potential clinical targets in atherosclerosis?[END_REF]. Interestingly, this activation is inhibited by quercetin (M. K. [START_REF] Hwang | Activation of phosphatidylinositol 3kinase is required for tumor necrosis factor-α-induced upregulation of matrix metalloproteinase-9: Its direct inhibition by quercetin[END_REF] and morin [START_REF] Manna | Morin (3, 5, 7, 2′, 4′pentahydroxyflavone) abolishes nuclear factor-κB activation induced by various carcinogens and inflammatory stimuli, leading to suppression of nuclear factor-κB-regulated gene expression and upregulation of apoptosis[END_REF]. Icariin can induce Akt phosphorylation through PI3K signaling thereby regulating the downstream NF-κB signaling pathway (C.-Q. [START_REF] Xu | Icariin attenuates LPS-induced acute inflammatory responses: Involvement of PI3K/Akt and NF-κB signaling pathway[END_REF]. Thanks to this regulation, icariin exhibits anti-inflammatory effects on LPS-activated macrophages.

Effects of phenolic compounds on inflammatory mediators

Effects of phenolic compounds on nitric oxide

The inhibition of NO production and iNOS expression in LPS-stimulated macrophages [START_REF] Francisco | Cymbopogon citratus as source of new and safe anti-inflammatory drugs: Bio-guided assay using lipopolysaccharide-stimulated macrophages[END_REF] and dendritic cells [START_REF] Figueirinha | Anti-Inflammatory Activity of Cymbopogon citratus Leaf Infusion in Lipopolysaccharide-Stimulated Dendritic Cells: Contribution of the Polyphenols[END_REF]) by plant phenolic fractions has been reported. Curcumin [START_REF] Chan | In Vivo Inhibition of Nitric Oxide Synthase Gene Expression by Curcumin, a Cancer Preventive Natural Product with Anti-Inflammatory Properties[END_REF], resveratrol [START_REF] Donnelly | Anti-inflammatory effects of resveratrol in lung epithelial cells: Molecular mechanisms[END_REF], apigenin (Liang et al., 1999b), wogonin (M.-H. [START_REF] Pan | Acacetin suppressed LPS-induced up-expression of iNOS and COX-2 in murine macrophages and TPA-induced tumor promotion in mice[END_REF], quercetin (J.-C. Chen et al., 2005), and tyrosol could reduce iNOS mRNA and protein levels as well as NO production. Furthermore, apigenin (Liang et al., 1999b) and quercetin (J.-C. Chen et al., 2005) were shown to block iNOS transcriptional activity.

Effects of phenolic compounds on the arachidonic acid signaling pathway

The modulation of eicosanoid production is also promising to fight inflammation. In this context, it was shown that phenolic compounds of the anthocyanidin family such as malvidin, peonidin, and petunidin can inhibit PLA2 activity [START_REF] Dreiseitel | SPhospholipase A2 is inhibited by anthocyanidins[END_REF]. The expression of 5-LOX can be inhibited by curcumin. Other reports showed indirectly the inhibition of 5-LOX activity by studying LT production level. The level of LTB4 was reduced by some phenolic compounds such as tyrosol (de la [START_REF] De La Puerta | Inhibition of leukocyte 5-lipoxygenase by phenolics from virgin olive oil[END_REF], and caffeic acid (de la [START_REF] De La Puerta | Inhibition of leukocyte 5-lipoxygenase by phenolics from virgin olive oil[END_REF].

The expression COX-2 is involved in LPS-induced inflammation. Therefore, COX-2 inhibition by phenolic compounds has raised researchers' attention to obtain safer anti-inflammatory drugs. Wogonin (M.-H. [START_REF] Pan | Acacetin suppressed LPS-induced up-expression of iNOS and COX-2 in murine macrophages and TPA-induced tumor promotion in mice[END_REF], quercetin, and isoquercetin [START_REF] Morikawa | Inhibitory effect of quercetin on carrageenan-induced inflammation in rats[END_REF] can inhibit COX-2 mRNA expression. COX-2 protein expression is blocked by quercetin (S.-C. [START_REF] Shen | In vitro and in vivo inhibitory activities of rutin, wogonin, and quercetin on lipopolysaccharide-induced nitric oxide and prostaglandin E2 production[END_REF], kaempferol (Liang et al., 1999b), rutin (Y.-C. [START_REF] Chen | Inhibition of nitric oxide synthase inhibitors and lipopolysaccharide induced inducible NOS and cyclooxygenase-2 gene expressions by rutin, quercetin, and quercetin pentaacetate in RAW 264.7 macrophages[END_REF], and anthraquinone chrysophanol (S.-J. [START_REF] Kim | Anti-Inflammatory activity of chrysophanol through the suppression of NF-kB/caspase-1 activation in vitro and in vivo[END_REF]. EGCG (Liang et al., 1999b), epigallocatechin (EGC), catechin gallate (CG), catechin, apigenin (Liang et al., 1999b) and epicatechin [START_REF] Seeram | Inhibition of Proliferation of Human Cancer Cells and Cyclooxygenase Enzymes by Anthocyanidins and Catechins[END_REF] inhibit COX-2 expression and activity. Additionally, PGE2, a product of COX-2 metabolism, could be suppressed by wogonin (M.-H. [START_REF] Pan | Acacetin suppressed LPS-induced up-expression of iNOS and COX-2 in murine macrophages and TPA-induced tumor promotion in mice[END_REF], isoquercetin [START_REF] Morikawa | Inhibitory effect of quercetin on carrageenan-induced inflammation in rats[END_REF], rutin (Y.-C. [START_REF] Chen | Inhibition of nitric oxide synthase inhibitors and lipopolysaccharide induced inducible NOS and cyclooxygenase-2 gene expressions by rutin, quercetin, and quercetin pentaacetate in RAW 264.7 macrophages[END_REF], and kaempferol (Liang et al., 1999b). ( Liang et al., 1999b) Inhibition of COX-2 levels transcriptional activity, PGE2 production.

LPS-stimulated RAW 264.7 macrophages, TNFα-stimulated HUVECs. [START_REF] Gerritsen | Flavonoids inhibit cytokine-induced endothelial cell adhesion protein gene expression[END_REF] Inhibition of IL-6 production. TNF-α-stimulated HUVECs. [START_REF] Gerritsen | Flavonoids inhibit cytokine-induced endothelial cell adhesion protein gene expression[END_REF] Inhibition of CXCL8 production.

TNF-α-stimulated HUVECs. [START_REF] Gerritsen | Flavonoids inhibit cytokine-induced endothelial cell adhesion protein gene expression[END_REF] Inhibition of VCAM- 

Phenolic compounds and reactive oxygen species

The production of reactive oxygen species (ROS) can cause tissue injury and trigger the inflammatory process [START_REF] Naik | Mitochondrial reactive oxygen species drive proinflammatory cytokine production[END_REF]. Phenolic compounds through their capacities to scavenge free radicals and chelate metal ions [START_REF] Heim | Flavonoid antioxidants: Chemistry, metabolism and structure-activity relationships[END_REF] can block ROS-induced inflammation as illustrated in Figure 2.29. Phenolic compounds can also inhibit several enzymes responsible for ROS generation [START_REF] Mishra | Bauhinia variegata Leaf Extracts Exhibit Considerable Antibacterial, Antioxidant, and Anticancer Activities[END_REF]. Thus, phenolic compounds are promising anti-inflammatory candidates. H2O2 can react with transition metal ions, like Fe 2+ and Cu 2+ , to produce free OH . radicals [START_REF] Prousek | Fenton chemistry in biology and medicine[END_REF]. Phenolic compounds can compete with this process and reduce inflammation. For example, curcumin can chelate Fe 2+ and Cu 2+ ions. EGCG and quercetin can also chelate iron ions [START_REF] Heim | Flavonoid antioxidants: Chemistry, metabolism and structure-activity relationships[END_REF]. The reduction of O2 . liberation by curcumin and resveratrol can block NOX (NADPH oxidase) [START_REF] Youdim | Potential role of dietary flavonoids in reducing microvascular endothelium vulnerability to oxidative and inflammatory[END_REF]. Besides, by inhibiting the mitochondrial respiratory chain and ATPase, phenolic compounds can reduce mitochondrial ATP synthesis. As a consequence, ROS production is decreased. Some reports have shown that curcumin (L. [START_REF] Shen | Insights into the inhibition of xanthine oxidase by curcumin[END_REF], EGCG, quercetins, and anthocyanins [START_REF] Hajimahmoodi | Total Antioxidant Activity, and Hesperidin, Diosmin, Eriocitrin and Quercetin Contents of Various Lemon Juices[END_REF] can inhibit xanthine oxidase. Therefore, these phenolic compounds can attenuate ROS formation. In particular, curcumin and EGCG can trigger antioxidant enzymes such as superoxide dismutase (SOD), catalase, and glutathione (GSH) peroxidase (Px). Thereby, ROS production can be diminished in vivo [START_REF] Sporn | NRF2 and cancer: The good, the bad and the importance of context[END_REF]. Hence, antioxidant phenolic compounds can exhibit anti-inflammatory action via different mechanisms, as illustrated in Figure 2.29.

Plant phenolic fractions

Several studies showed that plant phenolic fractions can be beneficial because of their antioxidant and anti-inflammatory properties. As shown in Table 2.22, phenolic compounds from blueberry can attenuate the LPS-induced inflammatory response of the BV2 microglia cell line [START_REF] Lau | Inhibitory effects of blueberry extract on the production of inflammatory mediators in lipopolysaccharide-activated BV2 microglia[END_REF]. Polyphenols from blueberry extract inhibited the production of NO, IL-1β, and TNF-α, thereby leading to anti-inflammation.

Another report showed that phenolic compounds from ginger, such as zerumbone and 3-O-methyl kaempferol, inhibit NO production through suppression of iNOS expression in LPS-activated RAW 264.7 macrophages [START_REF] Chien | Anti-inflammatory constituents of Zingiber zerumbet[END_REF]. Zerumbone showed a greater anti-inflammatory capacity than 3-O-methyl kaempferol. The extract from pomegranate peels, which is rich in phenolic compounds such as flavonoids (like anthocyanins and catechin) and hydrolysable tannins (like punicalin and pedunculagin) [START_REF] Ismail | Pomegranate peel and fruit extracts: A review of potential antiinflammatory and anti-infective effects[END_REF], has an anti-inflammatory action by inhibiting NO and PGE2

production [START_REF] Romier | Modulation of signalling nuclear factor-kappaB activation pathway by polyphenols in human intestinal Caco-2 cells[END_REF]. Another study showed that narirutin fraction from citrus peels extract reduces the generation of NO and PGE2 by attenuating iNOS and COX-2 expression, respectively, in LPS-stimulated macrophages [START_REF] Ha | Narirutin fraction from citrus peels attenuates LPSstimulated inflammatory response through inhibition of NF-κB and MAPKs activation[END_REF]. This fraction also reduced IL-1β and TNF-α production [START_REF] Ha | Narirutin fraction from citrus peels attenuates LPSstimulated inflammatory response through inhibition of NF-κB and MAPKs activation[END_REF]. Thus, narirutin phenolic fraction can be considered as an effective anti-inflammatory agent. [START_REF] Kang | Flavonoids from acai (Euterpe oleracea Mart.) pulp and their antioxidant and anti-inflammatory activities[END_REF] reported that the acai fruit extract, rich in phenolic components, notably flavones, has significant anti-inflammatory effects on RAW 264.7 macrophages. Phenolic compounds from Cymbogng citratus leaves extract can inhibit the NF-κB pathway and cytokine expression in RAW 264.7 macrophages [START_REF] Francisco | Anti-inflammatory activity of Cymbopogon citratus leaves infusion via proteasome and nuclear factor-κB pathway inhibition: Contribution of chlorogenic acid[END_REF]. Besides, quince peel polyphenols extract reduces TNF-α secretion by THP-1 macrophages (Essafi-Benkhadir et al., 2012). Terra et al. [START_REF] Terra | Grape-Seed Procyanidins Act as Antiinflammatory Agents in Endotoxin-Stimulated RAW 264.7 Macrophages by Inhibiting NFkB Signaling Pathway[END_REF] reported that procyanidin extract from grape seeds can inhibit the ability of RAW 264.7 macrophages to produce NO and PGE2. The phenolic extract from Sida rhombifolia showed antiinflammatory properties by inhibiting NO production in RAW 264.7 macrophages [START_REF] Mah | Anti-inflammatory, anti-cholinergic and cytotoxic effects of Sida rhombifolia[END_REF].

NO production was also reduced by Thymus zygis subsp. zygis plant phenolic compounds extract in murine macrophages [START_REF] Silva | Thymus zygis subsp. zygis an Endemic Portuguese Plant: Phytochemical Profiling, Antioxidant, Anti-Proliferative and Anti-Inflammatory Activities[END_REF]. The NF-κB signaling pathway was inhibited by Sonchus oleraceus L. (Asteraceae) phenolic compounds extract [START_REF] Li | Mechanism of the protective effects of the combined treatment with rhynchophylla total alkaloids and sinapine thiocyanate against a prothrombotic state caused by vascular endothelial cell inflammatory damage[END_REF]. Moreover, this extract suppressed the expression of TLR-4 and COX-2. The expression of TNF-α, IL-6, NO, COX-2, and PGE2 were inhibited by neochlorogenic acid extract from Mulberry Leaf (Morus alba L.) in A549 cells (X.-H. [START_REF] Gao | Anti-Inflammatory Effects of Neochlorogenic Acid Extract from Mulberry Leaf (Morus alba L.) Against LPS-Stimulated Inflammatory Response through Mediating the AMPK/Nrf2 Signaling Pathway in A549 Cells[END_REF]. Phenolic compounds from Vitis vinifera L. extract inhibited the production of IL-8 by gastric epithelial cells [START_REF] Colombo | Phenolic profiles and antiinflammatory activities of sixteen table grape (Vitis vinifera L.) varieties[END_REF]. Besides, phenolic compounds from green tea extract exhibit anti-inflammatory properties through activation of the Nrf-2 pathway and the increase of HO-1 production in human gingival epithelial keratinocytes, as reported by [START_REF] Hagiu | Dose-dependent green tea effect on decrease of inflammation in human oral gingival epithelial keratinocytes: In vitro study[END_REF]. Finally, Salaverry L. S. et al. [START_REF] Salaverry | In vitro antiinflammatory properties of Smilax campestris aqueous extract in human macrophages, and characterization of its flavonoid profile[END_REF] observed that flavonoids extract from Smilax campestris Griseb (Smilacaceae) can reduce the production of TNF-α, IL-1β, IL-6, and IL-8.

This extract can also suppress the expression of the NF-κB p65 subunit in THP-1 human macrophages.

Phenolic compounds in oilseed meals as sources of anti-inflammatory agents

Sunflower (SFM) and rapeseed (RSM) meals are two abundant products containing phenolic compounds that could be valorized in the biomedical field. Among phenolic compounds present in SFM, Several publications showed that pure CGA can inhibit oxidative stress-induced IL-8 production at the protein and mRNA levels in Caco-2 cells [START_REF] Shin | Antiinflammatory effect of chlorogenic acid on the IL-8 production in Caco-2 cells and the dextran sulphate sodium-induced colitis symptoms in C57BL/6 mice[END_REF]. Furthermore, as indicated above, it was shown that Cymbogng citratus leaves extract, which contains CGA, has anti-inflammatory effects through the inhibition of the NF-B pathway, and cytokine expression [START_REF] Francisco | Anti-inflammatory activity of Cymbopogon citratus leaves infusion via proteasome and nuclear factor-κB pathway inhibition: Contribution of chlorogenic acid[END_REF].

Hwang S. J. et al. (S. J. [START_REF] Hwang | Anti-inflammatory effects of chlorogenic acid in lipopolysaccharide-stimulated RAW 264.7 cells[END_REF] showed that the expression of COX-2 and iNOS are significantly inhibited in the presence of pure CGA. This product did also attenuate IL-1β and TNF-α production in a dose-dependent manner in RAW 264.7 murine macrophages. Finally, Shan J. et al. [START_REF] Shan | Chlorogenic acid inhibits lipopolysaccharide-induced cyclooxygenase-2 expression in RAW264.7 cells through suppressing NF-κB and JNK/AP-1 activation[END_REF] showed that CGA can suppress LPS-induced COX-2 expression through an inactivate NF-κB signaling pathway.

Regarding pure sinapic acid, Yun K.-J. et al. [START_REF] Yun | Anti-Inflammatory Effects of Sinapic Acid through the Suppression of Inducible Nitric Oxide Synthase, Cyclooxygase-2, and Proinflammatory Cytokines Expressions via Nuclear Factor-κB Inactivation[END_REF] showed that this product can inhibit LPS-induced NO, PGE2, TNF-α, and IL-1β production in RAW 264.7 macrophages. Sinapic acid also suppressed LPS-induced activation of the NF-κB signaling pathway in these cells. Consistent with these findings, Huang X. et al. (X. [START_REF] Huang | Sinapic Acid Inhibits the IL-1β-Induced Inflammation via MAPK Downregulation in Rat Chondrocytes[END_REF] showed that pure sinapic acid can suppress iNOS, COX-2, and PGE2.

Taken together, these data show that oilseed meals are sources of interesting products to fight inflammation.

Relationships between chemical structures and anti-inflammatory activities of phenolic compounds

Structure-activity relationships (SAR) provide useful information to develop and discover new anti-inflammatory drugs from natural sources [START_REF] Costa | Intracellular Signaling Pathways Modulated by Phenolic Compounds: Application for New Anti-Inflammatory Drugs Discovery[END_REF]. Flavonoids have been studied

in recent years because of the strong correlation between their anti-inflammatory effects and the presence of functional groups in the C6-C3-C6 skeleton [START_REF] Gautam | Recent developments in anti-inflammatory natural products[END_REF].

Table 2.23. Chemical structures of flavonoids and activity relationships.

(adapted with modifications from Costa G. et al. [START_REF] Costa | Intracellular Signaling Pathways Modulated by Phenolic Compounds: Application for New Anti-Inflammatory Drugs Discovery[END_REF]). Flavonoids exhibit anti-inflammatory activities due to the planar ring system A-C-B (Table 2.23) [START_REF] Ambriz-Pérez | Phenolic compounds: Natural alternative in inflammation treatment[END_REF]. Inhibition of NO production depends on the C2-C3 double bond in the C-ring. The activities of PLA2, 5-LOX, and 12-LOX enzymes, involved in the production of PGs and LTs, depend on the C2-C3 double bond [START_REF] Bonfili | Natural polyphenols as proteasome modulators and their role as anti-cancer compounds: Antioxidants and proteasome in cancer treatment[END_REF]. Furthermore, the study of Benavente- Garcia O. et al. (Benavente-García & Castillo, 2008) demonstrated that the presence of the C2-C3 double bond in C ring decreases TNF-α-induced ICAM-1 expression by luteolin.

Principle functional groups

Generic structure Anti-inflammatory activity

The biomedical properties of flavonoids are strongly correlated with their chemical structures.

Indeed, according to [START_REF] Bonfili | Natural polyphenols as proteasome modulators and their role as anti-cancer compounds: Antioxidants and proteasome in cancer treatment[END_REF], the presence of hydroxyl groups in A ring can influence the affinity of flavonoids for cellular membranes, permeability, and intestinal absorption.

Hydroxyl groups, especially in positions 5 and 7, affect flavonoids' antioxidant activity [START_REF] Bonfili | Natural polyphenols as proteasome modulators and their role as anti-cancer compounds: Antioxidants and proteasome in cancer treatment[END_REF], NO production [START_REF] Kim | Extraction and fractionation of glucosyltransferase inhibitors from cacao bean husk[END_REF], and cell adhesion molecule expression, for instance ICAM-1 [START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF][START_REF] Gerritsen | Flavonoids inhibit cytokine-induced endothelial cell adhesion protein gene expression[END_REF]. Hydroxyl group's presence at the C3 position of the C ring of flavonoids can slightly increase ICAM-1 expression [START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF]) while methoxyl group's presence at the C8 position in A ring inhibits NO production [START_REF] Kim | Extraction and fractionation of glucosyltransferase inhibitors from cacao bean husk[END_REF].

Kim H. P. et al. [START_REF] Kim | Extraction and fractionation of glucosyltransferase inhibitors from cacao bean husk[END_REF]) studied catechol type with 3',4'-dihydroxyl groups or 3',4'dimethoxy groups (guaiacol type) in B ring and showed that these groups play an essential role in the inhibition of granulomatic inflammation. According to Ueda et al. [START_REF] Ueda | A Hydroxyl Group of Flavonoids Affects Oral Antiinflammatory Activity and Inhibition of Systemic Tumor Necrosis Factor-α Production[END_REF], the inhibition of TNF-α production depends on the presence of these hydroxyl groups in B ring. Conversely, the level of TNF-α increases when these groups are absent. Additionally, flavonoids aglycones present higher potent in anti-inflammation compared to glycosides in the case of diosmetin and diosmin (Figure 2.31) [START_REF] Benavente-García | Update on Uses and Properties of Citrus Flavonoids: New Findings in Anticancer, Cardiovascular, and Anti-inflammatory Activity[END_REF].

The hydrophilicity of flavonoid glycosides can explain this observation. Moreover, large glycosyl groups can cause steric obstacles [START_REF] Kim | Extraction and fractionation of glucosyltransferase inhibitors from cacao bean husk[END_REF]. Nevertheless, the role of glycosides is still controversial because, in some cases, this type of compound decreased the anti-inflammatory activity [START_REF] Kim | Extraction and fractionation of glucosyltransferase inhibitors from cacao bean husk[END_REF]. Thus, it appears that chemical features of phenolic compounds can affect their antiinflammatory properties and that such features have to be considered when searching for new candidates for anti-inflammation.

Conclusion for chapter 2

Rapeseed meal (RSM) and sunflower meal (SFM) are the by-products of the deoiling process and rich in proteins. Besides, it contains phenolic compounds with the main phenolic compounds was CGA in SFM and sinapine in RSM [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Siger | Identification and antioxidant activity of sinapic acid derivatives in Brassica napus L. seed meal extracts: Main phenolic compounds in rapeseed[END_REF]. Besides, sinapic acid and its derivates were predominant in RSM. Several studies used the organic solvent for extraction and purification phenolic compounds from SFM and RSM such as methanol, ethanol, and iso-propanol in water. Then, these extraction solutions were applied into the macroporous resin column (non-polar, slightly polar, and polar resins) to obtain the phenolic fraction and/ or to remove the phenolic compounds from SFM and RSM. There were report of [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF] which used the design of experiment for eliminating the CGA in proteins isolation/ purification. There were several reports regarding the hydrolysis of phenolic compounds in RSM using acid, base, and enzyme to convert the sinapic acid derivates into free sinapic acid.

The adsorption mechanisms of phenolic compounds in SFM and RSM were investigated.

These data showed that the adsorption mechanism of phenolic compounds in SFM and RSM, in general, followed by pseudo-second-order and Langmuir models. These results demonstrated that the adsorption of PCs were homogenous layer behavior and physical adsorption.

The biological activities such as anti-oxidant and anti-inflammation of PCs in SFM and RSM were tested in in vitro. The results from literature showed that the anti-oxidant activity of PCs in both meals were promising. The anti-oxidant capacity of sinapic acid were more powerful than sinapine or sinapic esterifed forms in RSM. Several reports showed that the pure CGA can exhibit the antiinflammatiory activity in different cell line. However, there was little reports that reported the activity of sinapic acid in anti-inflammatory effects. Taken together, these data showed that oilseed meals were the source of interesting products to fight inflammation. Oilseed meals used in this project were sunflower meal (SFM) and rapeseed meal (RSM). The aqueous effluent used in this Ph.D. project resulted from SFM and RSM by-products of protein isolate/ purification process (Claire et al., 2019;[START_REF] Slabi | Multiobjective optimization of solid/liquid extraction of total sunflower proteins from cold press meal[END_REF]. As the reported of the previous studies in our labotatory (Claire et al., 2019;[START_REF] Slabi | Multiobjective optimization of solid/liquid extraction of total sunflower proteins from cold press meal[END_REF], the protein isolate process in both materials was carried out in two steps: 1) protein extraction from SFM/ RSM using appropriate concentration of salt solution and pH and 2) protein isolate/ purification using tangential filtration (ultrafiltration, UF).

During the process, the retentate compartment was fed with appropriate concentration of salt solution at the same flow rate as the permeate flux in order to keep the volume constant. Six diavolume (DV) of NaCl solution was added. Then, three DV of deionized water was used to flush NaCl from proteins.

The permeate containing the phenolic compounds was recovered and adjusted to pH 2 by adding HCl 1M for further studies (Albe [START_REF] Slabi | Multiobjective optimization of solid/liquid extraction of total sunflower proteins from cold press meal[END_REF]. The liquid effluents obtained after purification using membranes called the permeate (Figure 3.3). These by-products contained a low-molecules weight such as carbohydrate (sugar), salt, azote, and rich in phenolic compounds. These liquid effluents were used to investigate in the further studies.

Characterization these liquid effluents (permeate)

These phenolic compounds showed a promising candidate for several biological activities such as anti-oxidant and anti-inflammatory properties [START_REF] Shan | Chlorogenic acid inhibits lipopolysaccharide-induced cyclooxygenase-2 expression in RAW264.7 cells through suppressing NF-κB and JNK/AP-1 activation[END_REF][START_REF] Essafi-Benkhadir | Quince (Cydonia oblonga Miller) peel polyphenols modulate LPS-induced inflammation in human THP-1-derived macrophages through NF-κB, p38MAPK and Akt inhibition[END_REF][START_REF] Salgado | Exploration of the antioxidant and antimicrobial capacity of two sunflower protein concentrate films with naturally present phenolic compounds[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF][START_REF] Žilić | The content of antioxidants in sunflower seed and kernel[END_REF]. Therefore, in this Ph.D. project, we characterized these permeates and isolated/ purified the targeted compounds (phenolic compounds).

In this part, we used HPLC and HPLC-MS to identify the phenolic compounds in by-products proteins isolate. Previous studies also showed that chlorogenic acid (CGA) was the main phenolic compounds in SFM [START_REF] Weisz | Identification and quantification of phenolic compounds from sunflower (Helianthus annuus L.) kernels and shells by HPLC-DAD/ESI-MSn[END_REF][START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]). In addition, sinapine (SP) was the main phenolic compounds from RSM. In the previous report, Vuorela et al. [START_REF] Vuorela | Preclinical Evaluation of Rapeseed, Raspberry, and Pine Bark Phenolics for Health Related Effects[END_REF] demonstrated that sinapic acid showed more potent in antioxidant capacity. Therefore, in this study, permeate from RSM was hydrolyzed to convert sinapine and sinapic acid derivates (sinapic acid in esterfied forms) into sinapic acid using acidic method. This reaction also allowed us to determine the free and esterified phenolic compounds concentration during the reaction. The determination of phenolic compounds was identified by comparing their relative retention time with authentic standards, including chlorogenic acid (CGA) with the phenolic compound froms sunflower meal (SFM) and sinapine (SP) and sinapic acid (SA) with the phenolic compounds from rapeseed meal (RSM).

Moreover, the identification of phenolic compounds from sunflower, rapeseed, and hydrolysis permeate expressed based on the m/z values and unique fragmentation pattern of the protonated molecules ions [M-H] + or [M-H] -. The standard phenolic compounds were also used to construc the calibration curves.

These calibration curves allowed us to determine the concentration of phenolic compounds in the liquid effluents and in the phenolic fractions as well.

The by-products proteins isolate in RSM contained various phenolic compounds. Therefore, the quantification of total phenolic contents (TPC) in a rapeseed meal was performed by the "sum of phenolic acids" method of Rabie Khattab et al. [START_REF] Khattab | Determination of Sinapic Acid Derivatives in Canola Extracts Using High-Performance Liquid Chromatography[END_REF]. TPC was estimated as SA equivalent (SAE, in mg) from the sum area of all peaks of phenolic compounds, including the unidentified ones, which were recorded at 325 nm, based on the SA calibration curve.

Other microsolutes compounds in these permeates were also determined in cluding salt content, total carbohydrate content, non-protein nitrogen content, and dry matter. The salt content was calculated using a NaCl calibration curve by conductimetry technique. Total carbohydrate content in the permeate was measured using anthrone-sulfuric acid presented by Yemm and Willis with some modifications [START_REF] Yemm | The estimation of carbohydrates in plant extracts by anthrone[END_REF]. In this method, glucose was used to construc the calibration curve. The Kjeldahl method was used to measure the total nitrogen in the permeate (AOCS International., 1995). A nitrogen-to-protein conversion coefficient of 5.6 and 6.25 for SFM and RSM, respectly, was applied as recommended in the previous study (Albe [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF]Claire et al., 2019).

Adsorption/ desorption batch study

This part was conducted to select the appropriate resins for phenolic compounds adsorption.

To do so, five different macroporous resins including non-polar resins such as SDVB resin and mildpolar resins such as acrylic resin were used to screen.

Adsorption kinetics

Using HPLC technique, we calculated the phenolic compounds concentration and adsorption/ desorption capacity and ratio for each resin. The best resins were chosen based on the highest adsorption capacity (massic and surface adsorption) for further studies. The adsorption capacity was monitored after certain times. This step allowed us to know the duration of phenolic adsorption reach the equilibrium state. And this duration was applied to further adsorption process.

Several mathematical models were applied to understand the adsorption kinetic mechanisms including pseudo-first-order (PFO), pseudo-second-order (PSO), and intra-particles diffusion model.

Adsorption isotherms

Adsorption isotherms expressed the relationship between the adsorption capacity of phenolic compounds and the concentration of phenolic compounds in the permeate at the equilibriumstatus at different temperature. To understand the adsorption behavior of phenolic compounds, several isotherm models were used to monitored such as Langmuir and Freudlich models. And from these models, we calculated the maximal adsorption capacity of phenolic compounds onto the selected resin. This step allowed us to predict the quantity of phenolic compounds adsorbed and understand the mechanisms of adsoprion process. This information was useful for the further studies.

Adsorption thermodynamic parameters

The effect of the adsorption temperature was investigated by determining the adsorption isotherms atdifferent temperatures. Several thermodynamic parameters were determined including enthalpy, entropy, and the Gibbs energy change. The values of these parameters allowed us to understand the adsoprion process and to design for further studies on purification process.

Batch desorption

Desorption ratios were determined using different ethanol/ water solvents after the adsorption step on selected resins up to equilibrium. Using ethanol solutions were recommended by several research goups because of their non-toxicity with the phenolic samples and eco-frendly [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]).

Part II: Dynamic adsorption/ desorption and biomedical valorization of phenolic

fractions after desorption process.

The best resins which exhibited the highest adsorption capacity of phenolic compounds in part I was used to investigate the column adsorption/ desorption for purification process and produce the phenolic fractions for biological activities studies in this part of Ph.D. project. The general scientific approaches was illustrated in Figure 3.4. The objectives of this part were to: 1) understand the effect of adsorption flow rate and pH on dynamic binding capacity, productivity and recovery was investigated by design of experiments (DoE), 2) determine the optimal conditions using the multi-objective optimization method, 3) understand the effect of the ethanol concentrations on phenolic fraction purity and recovery, 4) determine the antioxidant capacity of these phenolic fractions, and 5) evaluate the antiinflammatory activity of these phenolic compounds. These last studies allowed to demonstrate a protective effect of this fraction against a future inflammation. This property could be valorized in the veterinary and human well-being fields and its antioxidants properties in the food industry. 

Column adsorption and design of experiments

As shown in Figure 3.4., two factors including adsorption flow rate (5-15 BV/ h) and pH (2)(3)(4)(5) were considered to study the dynamic binding capacity, productivity, and recovery of column adsorption process. The influence of adsorption flow rate and pH on the adsorption process was investigated by the design of experiments (DoE). The output solutions were collected and phenolic compounds concentration were determined by HPLC. The input permeate solution was stopped when the adsorbance at 325 nm corresponded to a phenolic concentration equal to 10% of its concentration in the feed as recommended (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF]. In the desorption step, the column was washed by absoluted ethanol. This step allowed us to calculate the dynamic binding capacity at 10% (DBC10, in mg/g), productivity process (in mg/g/min), and recovery for each condition (in %). The face-centered central composition design was introduced and analyzed using the MODDE ® 7 software. The results obtained from each condition (adsorption flow rate and pH) of experiment were used to determine the best condition for productivity and recovery by multi-optimization method. The objective function corresponded to the simultaneous maximization of productivity and recovery. The multi-objective problem was solved using the model equations and setting two criteria including productivity and recovery. The multilevel algorithm was built and analyzed using the MATLAB® software. The purpose of this step was to determine the optimal conditions for column adsorption. These optimal conditions were used to apply into the column at adsorption step and to study the desorption step.

The summary of multicriteria optimization of phenolic compounds captures from sunflower/ rapeseed proteins isolate production process presented in Figure 3.5. 

Column desorption

The optimal conditions for column adsorption were applied to determine the optimal condition for desorption step. To do so, various ethanol concentrations were used to determine the recovery and purity of phenolic fraction. The selected concentration of ethanol solution based on the highest purity and recovery of phenolic compounds. This step allowed us to generate enough amount of phenolic fractions for further studies. The antioxidant capacity of phenolic fractions was measured based on their ability of free radical scavenging (J. [START_REF] Zhu | Characterization and Free Radical Scavenging Activity of Rapeseed Meal Polysaccharides WPS-1 and APS-2[END_REF][START_REF] Re | Antioxidant activity applying an improved ABTS radical cation decolorization assay[END_REF]. The antioxidant concentration showing 50% maximum antioxidant capavity (IC50) was also calculated in this part. The IC50 values helped us to know the potent of phenolic fractions in antioxidant property. The phenolic fraction show high antioxidant activity could consider as a promising candidate for food industry.

In vitro antioxidant activity

Cell viability and anti-inflammatory property

The THP-1 human monocytic leukemia cell line was used in this study. To evaluate the antiinflammatory property of phenolic fractions, THP-1 was differentiated into macrophages using phorbol myristate acetate (PMA). Then, the differentiated THP-1 cells were treated with lipopolysaccharide (LPS). This step allowed to produce the pro-inflammatory cytokine, tumor necrosis factor alpha (TNFα). This scientific approach was illustrated in Figure 3.7. The phenolic fractions were added into the THP-1 macrophages before or after LPS. The purposes of this step were to evaluate whether these phenolic fraction could act as the agents could prevent THP-1

Chapter 4. Characterization and adsorption mechanism of phenolic compounds from oilseed protein isolate byproducts.

Introduction

In this chapter, the phenolic compounds in UF permeate from sunflower and rapeseed protein isolate production were characterized HPLC-MS and quantified on the basis of HPLC UV signal. The overall proximal composition was also determined. Then, a screening of resins having different properties was achieved in order to select the most promising one for further investigations. In this study, low to mild apolar resins with various pore size and bead diameters were selected. The selection of resin was classically based on the adsorption capacity. With the selected resin adsorption kinetics and isotherms were studied experimentally and regressed with different models in order to qualify the mass transport phenomena and the thermodynamic properties of the adsorption.

In the first part of the chapter, the strategy explained above is carried out with sunflower meal.

This part constitutes a manuscript of a paper published in the journal of Chromatography and Separation Techniques in 2020. The second part of the chapter is dedicated to the rapeseed resource. It is a part of a paper published in Molecules in 2021.

Sunflower polyphenols characterization and capture by adsorption.

Adsorption of phenolic compounds from an aqueous by-product of sunflower protein extraction/ purification by macroporous resins

Tuong Thi Le a,b , Arnaud Aymes a , Xavier Framboisier a , Irina Ioannou a,c , and Romain Kapel a*

Introduction

Phenolic compounds are a wide group of natural products from plant sources. These molecules are secondary metabolites having one or several benzene ring with hydroxyl groups. They are known to have various bioactivities like anti-oxydant, anti-inflammatory, anti-cancer, anti-ageing or antiosteoporosis activities [START_REF] Ren | Macroporous resin purification and characterization of flavonoids from Platycladus orientalis (L.) Franco and their effects on macrophage inflammatory response[END_REF][START_REF] Wong | Effects of metabolic syndrome on bone mineral density, histomorphometry and remodelling markers in male rats[END_REF][START_REF] Zhang | Dietary polyphenols, oxidative stress and antioxidant and anti-inflammatory effects[END_REF]. Among phenolic compounds, chlorogenic acid (CGA) revealed particularly attractive. Chemically, CGA is a polar phenolic compound composed of a quinic acid and caffeic acid linked by an ester bond. The position of the quinic acid on the benzene ring define three CGA isomers including 5-O-caffeoylquinic acid i.e 5-CQA, 4-O-caffeoylquinic acid i.e 4-CQA, and 3-O-caffeoylquinic acid i.e 3-CQA. Interestingly, CGA has demonstrated high anti-oxydant, anti-inflammation and anti-tumor effects (P. [START_REF] Li | Free radicalscavenging capacity, antioxidant activity and phenolic content of Pouzolzia zeylanica[END_REF][START_REF] Tajik | The potential effects of chlorogenic acid, the main phenolic components in coffee, on health: A comprehensive review of the literature[END_REF].

Some raw materials like coffee beans, low-grade coffee beans, noxious weeds like Eupatorium adenophorum Spreng (Crofton weed) (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF] or Boehmeria nivea L. Gaud (Ramie) leaves [START_REF] Tan | Extraction and purification of chlorogenic acid from ramie (Boehmeria nivea L. Gaud) leaf using an ethanol/salt aqueous two-phase system[END_REF] revealed to be interesting sources of CGA. Sunflower seed is also rich in phenolic compounds (1 -4.5% on a dry weight basis) and particularly in CGA. It is the second most cultivated oilseed in Europe with an annual production of about 16 million tons (FAO, US Department of Agriculture) in 2018 (FAOSTAT, 2020a). It is mainly processed for oil production. The industrial oil extraction process yields a solid by-product called "meal" composed of up to 50% of proteins [START_REF] Geneau-Sbartaï | Sunflower Cake as a Natural Composite: Composition and Plastic Properties[END_REF][START_REF] Pickardt | Processing of low polyphenol protein isolates from residues of sunflower seed oil production[END_REF], which contains seeds phenolic compounds. Beside CGA, these compounds are mainly CGA isomers, CGA dimers, and caffeic acid.

To date, sunflower meal is mainly used for the feed. For this purpose, phenolic compounds are considered as antinutritionals and need to be eliminated. Many approaches were reported to remove phenolic compounds from the meal. As for other ressources, the most classical way is to use organic solvents like acetone, methanol, ethyl acetate or water/ ethanol mixtures [START_REF] Canella | Extraction of gossypol and oligosaccharides from oilseed meals[END_REF][START_REF] Sripad | Effect of methods to remove polyphenols from sunflower meal on the physicochemical properties of the proteins[END_REF]. Weizs et al. [START_REF] Weisz | Identification and quantification of phenolic compounds from sunflower (Helianthus annuus L.) kernels and shells by HPLC-DAD/ESI-MSn[END_REF] showed that methanol/ water mixtures 60% (v/v)

was suitable for extraction of sunflower phenols from both kernels and shells. Interestingly, they

showed that the obtained extract with a phenolic fraction composed of a particularly high proportion of CGA (around 85%). After solvent extraction, phenolic compounds can be further purified by chromatography [START_REF] Ky | Comparison of Five Purification Methods for Chlorogenic Acids in Green Coffee Beans (Coffea sp.)[END_REF], membrane processes [START_REF] Conidi | Separation and purification of phenolic compounds from pomegranate juice by ultrafiltration and nanofiltration membranes[END_REF][START_REF] Zagklis | Purification of olive mill wastewater phenols through membrane filtration and resin adsorption/desorption[END_REF] or adsorption on macroporous resins [START_REF] Jia | Enrichment and purification of madecassoside and asiaticoside from Centella asiatica extracts with macroporous resins[END_REF]. This last process proved to be particularly efficient for phenolic compounds capture from various plant extracts [START_REF] Jia | Enrichment and purification of madecassoside and asiaticoside from Centella asiatica extracts with macroporous resins[END_REF][START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF]Q.-S. Liu et al., 2010). Besides, adsorption processes can easily be scaled up and some resins are food grade [START_REF] Scordino | Adsorption of Flavonoids on Resins: Hesperidin[END_REF]. Macroporous resins are divided into polar resins, mild polar resins and nonpolar resins. The mechanism of separation is based on differential affinity between phenolic compounds, impurities and the adsorbent (P.-C. [START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF]. Proper resins should be chosen on the basis of both adorption capacities and purity after desorption step, but purity is often not considered.

Furthermore, the complex transport phenomenon that are also involved are rarely thoroughly investigated.

Sunflower meal is also considered as an promising source of proteins [START_REF] González-Pérez | Sunflower proteins: Overview of their physicochemical, structural and functional properties[END_REF][START_REF] Hudson | New and Developing Sources of Food Proteins[END_REF] for food applications under isolate products. The production of sunflower protein isolates is classically achieved in two main steps (aqueous extraction and purification).

The extraction step has to be done under pH 8 and at high NaCl concentration (> 0.2 M NaCl) in order to get satisfying protein extraction yield and color [START_REF] Bongartz | Evidence for the Formation of Benzacridine Derivatives in Alkaline-Treated Sunflower Meal and Model Solutions[END_REF][START_REF] Wildermuth | Chlorogenic Acid Oxidation and Its Reaction with Sunflower Proteins to Form Green-Colored Complexes: Chlorogenic acid oxidation…[END_REF]. A large part of sunflower phenolic compounds are extracted alongside with proteins in these conditions.

Recently, an integrated process was proposed for both protein and phenolic compounds valorization [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. This process integrates a capture of phenolic compounds by adsorption from the aqueous extract prior to protein purification by acid precipitation. The resin had to have low protein binding capacity. XAD16 resin revealed to be the most appropriate resin to do so beyond other apolar and ion exchange resins [START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. However, CGA purity after adsorption step was not considered and adsorption mechanisms and transport were not investigated and remained unclear.

Furthermore, in this approach, protein acid precipitation led to an isolate having a poor solubility which is rather detrimental for food applications.

More recently, we proposed an alternative approach in which sunflower proteins are purified from the aqueous extract by tangential filtration (Albe [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF]. This yielded a highly soluble sunflower protein isolate with high functional properties. Interestingly, phenolic compounds in the extract were only composed of CGA (mainly 5-CQA isomer) (Albe [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF]. The liquid effluent of this process (the UF permeate) was largely depleted in proteins and probably contained the main part of extracted CGA. Hence, the capture of CGA from this side product would constitute an interesting valorization pathway. The aim of this work was to study CGA adsorption from the UF permeate on five macroporous resins including XAD4, XAD7, XAD16, XAD1180 and HP20 having various properties in term of polarity, pore diameters, specific area). On the resins exhibiting the best adsorption capacities, kinetics and isotherms experimental data were regressed at different temperatures in order to elucidate CGA adsorption mechanisms. Desorption by ethanol/ water mixtures was also investigated and the purity was considered in order to choose the most appropriate resin for CGA capture from this effluent.

Materials and methods

Chemical and reagents

The sunflower meal used was defatted by n-hexane at the industrial scale and provided by Saipol (Bassen, France). Chlorogenic acid (CGA, 5-O-caffeoylquinic acid), 4-O-caffeoylquinic acid (4-CQA), 3-O-caffeoylquinic acid (3-CQA) standards and the five macroporous resins (XAD7, XAD4, XAD16, XAD1180 and HP20) were purchased from Sigma-Aldrich (St. Louis, Missouri, USA). The characteristics of macroporous resins are shown in Table 4.1. Sodium chloride (NaCl) and sodium hydroxide (NaOH) pellets were both from VWR (Darmstadt, Germany). Hydrochloric acid (HCl) solution was from Carlo Erba (Milan, Italy). Acetonitrile and formic acid at analytical grade were supplied by Fisher Scientific (Hampton, USA).

Sunflower protein extraction/purification process

The process was carried out in two stages as described in (Albe [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF]. The first one was a solid/liquid extraction from the sunflower meal. The second was a protein purification by ultrafiltration (UF). The extraction step was achieved using a 0.5 M NaCl solution at a solid/ liquid ratio 

Adsorption/ desorption study

Before each experiment, resins were washed with methanol for 10 minutes under magnetic stirring (150 rpm) at room temperature and rinsed with ultrapure water as recommended by the manufacturer. For each experiment, 1.5 g resin was mixed with 30 mL of permeate under magnetic stirring (150 rpm) at 25°C. After adsorption, resins were separated from the liquid phase by filtration (using Millex syringe Filter, PVDF, 0.22µm, non-sterile from ThermoFisher Scientific (USA). Liquid phases were analyzed by HPLC for phenolic compounds characterization and/ or CGA quantification.

Resin screenings

The resins were screened on the basis of massic (Eq. 4.1) and specific surface (Eq. 4.

2)

adsorption capacity:

The adsorption capacity (qe, amount of CGA adsorbed per g of resin, Eq. 4.1) was calculated as:

𝑞 𝑒 = (𝐶 0 -𝐶 𝑒 )𝑉 𝑖 𝑊 (4.1)
where Co and Ce are the initial and equilibrium concentrations of CGA in permeate solution respectively (mg/ mL); Vi is the initial volume of permeate added into the resins (mL); and W is the weight of the dried resin (g).

The specific surface adsorption capacity (SA, amount of CGA per m² of resin, equation 4.2) was calculated as:

𝑆𝐴 = (𝐶 0 -𝐶 𝑒 )𝑉 𝑖 𝑆𝑆×𝑊 (4.2)
where SA is the surface adsorption capacity (mg / m 2 ), SS is the resin specific surface (m²/ g).

Adsorption kinetics

Adsorption capacity was monitored after 5,10,15,30,60,90, and 120 min. To do so, CGA concentration was measured in the liquid phase by HPLC. From the concentration, qe and/ or SA was deduced. Results were plotted under linearized models (pseudo-first-order, pseudo-second-order, and intra-particle diffusion, Table 4.3).

Adsorption isotherms

Adsorption isotherms expressed the relationship between CGA adsorption capacity (qe, mg/g) and the concentration of sample solution in the liquid phase at the equilibrium (Ce, mg/ L). For the adsorption study, a duration of 120 min was chosen. Experiments were carried out at 25°C (298.15 K).

Langmuir and Freundlich models were used to regress experimental data (Table 4.4).

Adsorption thermodynamic parameters

The effect of the adsorption temperature was investigated by determining the adsorption isotherms at 298.15, 308.15, and 318.15 K. Enthalpy and entropy variations were obtained from the slope and intercept of the linear plot lnKeq vs 1/T according to the linear form of Clausius-Clapeyron Eq. 4.3:

ln Keq = - ∆H RT + ∆S R (4.3)
where lnKeq is the natural logarithm of the constant of adsorption equilibrium (Keq), ΔH is the enthalpy change (J/ mol), ΔS is entropy change (J/ mol), R is the universal gas constant (8.3144 J/ (molK) and T is the absolute temperature in Kelvin (K).

∆G was determined using Eq. 4.4: ∆G = -RT ln Keq (4.4) where ΔG (J/ mol) is the Gibbs energy change.

Desorption

Desorption ratio were determined using different water/ethanol solvents after the adsorption step on XAD7 and XAD16 up to equilibrium. To do so, 40 mL of 30, 50, 70, and 90%, v/v was added to the resins, and shaken at 150 rpm at 25°C for 2 hours (to reach desorption equilibrium). Resins were washed with deonized water twice prior solvent addition. Resins were separated from the liquid filtration using filter paper. CGA concentration in the liquid was quantified by HPLC. Desorption ratio was calculated using Eq.4.5:

𝐷𝑒𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 (%) = 𝐶 𝑑 𝑉 𝑑 (𝐶 𝑜 -𝐶 𝑒 )𝑉 𝑖 100% (4.5)
where Cd is the concentration of CGA in desorption solution (mg/ mL), Vd is the volume of the desorption solution (mL).

The purity of CGA after desorption step was determined using Eq.4.6:

Purity of CGA (%) = 𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝐶𝐺𝐴 𝑎𝑓𝑡𝑒𝑟 𝑑𝑒𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 (𝑚𝑔) 𝑇𝑜𝑡𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 (𝑚𝑔) 100% (4.6)

4.2.2.4.

Analytical methods

CGA identification and quantification

CGA concentration in the liquid by-product was quantified by HPLC (Shimadzu Corporation, Kyoto, Japan) according to [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF] with some modification. The equipment used included a pump with a degasser (LC-20AD), an auto-sampler (SIL-20AC), a column oven (CTO-20A), a diode array detector (CPO-M20A) and a LCSolutions software. The analysis was carried out with a

Biosep SEC-s2000 column (300 x 7.8 mm, 5 µm) purchased from Phenomenex (Torrance, CA, USA).

The mobile phase consisted of formic acid: ultrapure water: acetonitrile mixture (0.1%: 55%: 45%, v/v).

The injection volume was 5 µL. The flow rate was 0.6 mL/min. The detection wavelength was 325 nm.

The oven temperature was kept at 35°C. All solutions and samples were filtered through 0.45 µm membranes (Fisher Scientific, Hampton, USA) before injection. CGA identification was done from standards retention time by on-line electrospray ionization mass spectrometry (ESI-MS). Data acquisition and processing were monitored with LabSolution software (Shimadzu Corporation, Kyoto, Japan). Nitrogen was used as drying gas at a flow rate of 21.5 L/ min. The nebulizer temperature was set at 300°C. CGA was searched in positive mode at m/z = 355.3 + . A CGA calibration curve with concentrations ranging from 0.05 to 1.25 mg/mL was used for the quantification (linear regression equation was y = 25057208.61x with R² = 0.9983).

NaCl content

NaCl content in the permeate was assessed by conductimetry (Meterlab PHM 210, Radiometer analytical, France). The quantification was done using an NaCl calibration curve ranging from 0.2 to 50 g/L (y = 1.9054x with R² = 0.9908).

Total carbohydrate content

Total carbohydrate content in the permeate was measured by the method of anthrone-sulfuric acid presented by Yemm and Willis with some modifications [START_REF] Yemm | The estimation of carbohydrates in plant extracts by anthrone[END_REF]. Briefly, samples were mixed with 2 g/L anthrone in 98% sulfuric acid in boiling water for 10 min. After cooling, the absorbance of the solution was measured at 620 nm in a multiplate (Multiskan GO, Thermo scientific, Japan). Glucose was used as standard with concentration ranging from 0.1 to 1 mg/ mL (y = 1.1845x, R² = 0.9981).

Nonprotein nitrogen content

Kjeldahl method was used to measure the total nitrogen in the permeate (AOCS International., 1995). A nitrogen-to-protein conversion coefficient of 5.6 was applied as recommended in (Slabie Albe et al., 2019) for sunflower source.

Dry matter

1 mL of permeate was put in aluminium dish and left in oven during 24 h at 111°C. Afterward, aluminium dish was weighted regularly until reaching a constant weight.

Data analysis

All experiments and analytical measurements were carried out three times. Data displayed corresponded to the average value with the standard deviation. Statistical analysis was performed by Student's t-test with Rstudio 3.6.1 (Boston, MA, USA). A p-value inferior to 0.05 was considered a significant difference. All figures were designed by OriginPro 8.5 package (MA, USA). The chemical structures of phenolic compounds and CGA interaction forces with selected resins were illustrated using ChemDrawUltra 8.0 software (Cambridge Soft, MA, USA). Chromatograms were recorded at 325 and 280 nm. The elution of CGA isomers in the same conditions was also displayed. (Albe [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF]. Hence, the 3 kDa membrane used for the purification probably allowed the transmission of traces of these proteins. SFA is particularly associated with phenolic compounds by covalent bonds. This would explain the signal observed at 325 nm at this retention time. Peaks at 32, 37, and 39 min revealed the presence of molecules with m/z of 355 in positive mode ESI-MS. This corresponds to chlorogenic acid (CGA) m/z. The figure also shows that standard CGA isomers had the same retention times (5-CQA at 32 min, 3-CQA at 37 min, and 4-CQA at 39 min). This indicated that free polyphenolic fraction in the UF permeate was composed of CGA, mainly in its 5-CQA isomer. The predominance of CGA in sunflower and relative in aqueous extracts of sunflower meal (Albe Slabi et al., 2019;[START_REF] Weisz | Identification and quantification of phenolic compounds from sunflower (Helianthus annuus L.) kernels and shells by HPLC-DAD/ESI-MSn[END_REF]. The relative absence of caffeic acid and CGA dimers that account for 15 -20% of total phenolic compounds in the meal according to [START_REF] Weisz | Identification and quantification of phenolic compounds from sunflower (Helianthus annuus L.) kernels and shells by HPLC-DAD/ESI-MSn[END_REF] are probably less extracted in aqueous solvents due to their polarity lower than CGA. In any cases, it makes this side products of sunflower meal protein purification a particularly attractive source of CGA. Indeed, generally recognized as interesting sources of CGA like low-grade coffee bean, coffee bean methanol extracts or Crafton weed ethanol extracts are composed of many other phenolic compounds [START_REF] Farah | Chlorogenic Acids from Green Coffee Extract are Highly Bioavailable in Humans[END_REF][START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Ramalakshmi | Separation and characterisation of chlorogenic acid-rich conserves from green coffee beans and their radical scavenging potential: Separation and characterisation of chlorogenic acid[END_REF]. and the protein purification. Ash (7.56 ± 0.70%) were minerals extracted from the meal that also highly crossed the membrane. The permeate also contained carbohydrates (3.53 ± 1.98%). These were probably soluble fibers with molar weights low enough to cross the membrane or simple carbohydrates (both contained in the sunflower meal [START_REF] Bishop | Carbohydrates of sunflower heads[END_REF]. The nitrogen-containing biomolecules fraction (0.11 ± 0.02 %) is probably not homogeneous. A part of it might be the albumin traces in the permeate.

Besides, about 11% of nitrogen assayed by Kjeldahl analysis in the protein extract remained soluble in 10% (v/v) trichloro acitic acid (TCA) (data not shown). These nitrogen containing molecules are classically referred to as 'non-protein' nitrogen and meant to be low molar weight peptides, free amino acids and/ or nucleic acids. These molecules probably constituted the other part of the nitrogen containing molecules observed.

This table also shows that around 25% of the UF permeate organic dry matter is composed of CQA. The rest of the organic matter is composed of polar molecules. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF] showed that polar resin exhibited higher CGA adsorption capacity than apolar or mildly polar ones. But they observed poor CGA purity after desorption step. This was due to the competitive adsorption of polar molecules on the polar resin. Or it is likely that polarity and affinity characteristic of the elution solution and the adsorbed components may influence the purity of CGA. Hence, for CGA capture from sunflower meal aqueous extract, apolar or mildly polar resin should be more appropriate.

Resins screening

Figure 4.2A shows CGA adsorption capacity from XAD4, XAD7, XAD16, XAD1180, and HP20. Those resins were known for their ability to adsorb phenolic compounds from many different plant extract (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. XAD16, XAD4, XAD1189, and HP20 were apolar resins made of styrene divinylbenzene (SDVB). XAD7 was a slightly polar resin made of an acrylic polymer.

XAD16 and XAD4 showed the highest adsorption capacity at equilibrium (15.32 ± 0.04 mg/g and 14.07 ± 0.01 mg/g respectively). XAD7, XAD1180 and HP20 had lower values (12.03 ± 0.45, 12.62 ± 0.07 and 11.21 ± 0.02 mg/g dried resin, respectively). The very similar CGA adsorption capacity was observed with XAD7 and HP20 (11 mg/g and 15 mg/g, respectively) from craftonweed extract (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF]. Besides, XAD16 was shown to be particularly efficient for CGA adsorption from sunflower meal aqueous extracts [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. The adsorption capacity depends on adsorption kinetics pattern, molecule affinity toward the material and resin specific area (Z. [START_REF] Xu | Adsorption of naphthalene derivatives on hypercrosslinked polymeric adsorbents[END_REF]. It can also be modulated by the pore diameter. Indeed, if the diameter is low enough (≤ 50 Å) it can induce diffusional limitations by steric hindrance (Z. [START_REF] Xu | Adsorption of naphthalene derivatives on hypercrosslinked polymeric adsorbents[END_REF][START_REF] Yang | [END_REF] or even limit the accessibility of a fraction of the resin area.

Table 4.1 shows material, pore diameters, and specific area of the resins used in the study. Nonpolar resins. Among SDVB resins, XAD16 showed the highest specific area (900 m²/g) followed by XAD4, XAD1180, and HP20. Interestingly, this ranking corresponded to the observed capacity values.

XAD4 had the smallest pore diameters (50 Å). This indicated that SDVB resin mass capacities were essentially governed by the contact area. Probably no or few diffusional limitations due to the pore size occurred [START_REF] Sandhu | [END_REF]. This was also suggested by B. Liu et al. with CGA capture from

Eupatorium Adenophlorium extracts (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF].

In order to investigate the effect of a resin material on CGA adsorption, surface capacity had to be compared. Figure 4.2B shows that XAD7 had by far the highest surface capacity (27 µg/m² dry resin) whereas its specific area was rather low (450 m²/g). For SDVB resins the value was close to 20 µg/m 2 ).

This indicated that acrylic material had a better affinity than SDVB toward CGA. Hydrophobic interactions between the caffeic part (benzene ring) and acrylate carbon backbone might also take place (Figure 4.3B). Water molecules are probably partly excluded from this backbone, otherwise, they would compete with CGA and no CGA adsorption would occur. It is more likely that the highly hydrophilic quinic acid part interacts more favorably with the bulk water molecules.

In a different way, the interaction of CGA -SDVB resins should rather be through - stacking interactions. The highest efficiency of acrylate material to capture CGA could be due to the highest amount of binding sites. But the very high specific area of XAD16 makes it the better resin in terms of massic capacity. The adsorption kinetics, isotherms, thermodynamics properties, and CGA desorption were further investigated with XAD7 and XAD16 to better understand the process with these two resins.

Adsorption kinetics

Adsorption kinetics of CGA (from UF permeate) on XAD7 and XAD16 were presented in Figure 4.4A. Very similar trends were observed with the two resins. A large part of CGA was quickly adsorbed (up to 80% of the equilibrium capacity in 15 min). Then the adsorption kinetics slowed down and the equilibrium happened between 60 min and 120 min. Thus, the adsorption process should be conducted for 120 min to achieve an equilibrium state. Interestingly, [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF] observed that CGA adsorption equilibrium with a highly polar resin (NKA -II) was reached at 300 min.

This resin had an average pore size similar to XAD7 and XAD16 (around 120 Å). So the adsorption process on apolar or slightly polar resin would be quicker.

Adsorption kinetics were regressed with pseudo-first-order (PFO, [START_REF] Lagergren | About the Theory of So-Called Adsorption of Soluble Substances[END_REF]) and pseudo-second-order (PSO, [START_REF] Ho | Kinetic Models for the Sorption of Dye from Aqueous Solution by Wood[END_REF]) equations in the linearized form (Figure 4.4B -C).

Table 4.3 shows the corresponding equations, parameter values of the models, and R 2 of the linear regressions. The R 2 obtained with linearized PFO (ln(qe-qt) vs. t) was less than 0.98. Furthermore, the calculated qe for XAD7 (0.016 mg/m²) and XAD16 (0.010 mg/m²) was found very different from experimental values (0.027 mg/m² for XAD7 and 0.017 mg/m² for XAD16). On the other hand, R 2 of the linear regression of the t/qt vs t plot was very close or equal to 1 (0.999 and 1 for XAD7 and XAD16, respectively). Moreover, the calculated qe (0.0274 mg/m² for XAD7 and 0.017 mg/m² for XAD16) predicted from PSO model was very near the experimental values of qe (0.0273 mg/m² for XAD7 and 0.017 mg/m² for XAD16). These results indicate that adsorption kinetics followed a PSO model for the two resins. This was also observed with adsorption of CGA from Eupatorium adenophorum Spreng extracts on NKA-II resin (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF] and Helianthus tuberosus L. leaves extracts on ADS-21 resin (P.-C. [START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF].

Solute transport phenomena are complex in adsorption processes. In the liquid phase, solutes are transported by convection and diffusion. There is also a diffusive transport from the liquid phase to the bead surface (through a limit liquid film) and a diffusive transport inside the particle pores.

Adsorption kinetics may be modulated by several diffusional types of transports. The intra-particle diffusion model [START_REF] Weber | Kinetics of adsorption on carbon from solution[END_REF] is commonly used to investigate the diffusive rate-controlling phenomenon [START_REF] Annadurai | Adsorption of acid dye from aqueous solution by chitin: Equilibrium studies[END_REF][START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF][START_REF] Tran | Mistakes and inconsistencies regarding adsorption of contaminants from aqueous solutions: A critical review[END_REF].

Figure 4.4D shows qt vs t1/2 plots obtained with XAD7 and XAD16. These plots correspond to the linear form of the intra-particle diffusion model (Table 4.3). For both the two resins, a linear evolution with two slopes is observed. The slopes represent the constant rate (ki) of each adsorption step while Ci (intercept at y-axis) is related to the thickness of the limiting layer. R 2 , ki, and Ci values obtained from linear regressions are displayed in Table 4.3. In the two cases, k1 (0.0024 and 0.0017 m²/(mgmin 0.5 ) for XAD7 and XAD16, respectively) are by far higher than k2 (approximately 0) for the two resins. It can also be noticed that R² values for XAD7 and XAD16 are 0.9829 and 0.9848, respectively. This indicates that for both the two resins the adsorption process is limited by two diffusional effects. Very similar results were observed with the adsorption of alfalfa phenolic compounds and on HP20 and AER1 resins [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF]. It was interpreted as a two steps adsorption process. The first one is related to the diffusional transport throughout the boundary layer at the liquid/ beads interface. Its high rate constant (Ki,1 was 0.0024 and 0.0017 (mg/ m²) for XAD7 and XAD16, respectively) indicates a low diffusional limitation. The second one is due to intraparticle diffusion. The low rate constant (Ki,2 approximately equal to 0 for both resins) associated indicates a strong diffusional limitation. Such observation and explanation were also made by others (Y. Chen et al., 2016;Dong et al., 2015a;[START_REF] Gök | Prediction of the kinetics, equilibrium and thermodynamic parameters of adsorption of copper(II) ions onto 8-hydroxy quinoline immobilized bentonite[END_REF]. Curiously, it can be noticed that the first step involved the adsorption of the largest part of the phenolic compounds (more than 90% of the adsorption at the equilibrium). This tends to indicate that the intraparticle diffusion limitation only took place for a small part of phenols adsorption. Since the intraparticle diffusion happens inside bead pores, representing the largest part of the resin surface it can be hypothesized that the limitation only concerns the deepest zone of the pores. The diffusion inside pores near the surface is probably only limited by the boundary layer.

This would explain why the intraparticle diffusion limitation affects less than 10% of the overall adsorption. The close pore size of the two resins (around 100 Å) explains their close behavior in terms of diffusional limitations. [START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. Table 4.4 listed the R² of the regression, equations, and model parameters with XAD7 and XAD16. R 2 values indicated that experimental data were better fitted by the Langmuir model (0.9899 and 0.9586 for both XAD7 and XAD16, respectively) than the Freundlich model (0.8690 and 0.9119 for XAD7 and XAD16, respectively). This indicated that the adsorption mechanism was the same for the two studied resins. It consisted in a monolayer adsorption of phenolic compounds at the surface resin (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. These findings also are in agreement with other work on CGA adsorption on XAD16 HP and NKA-II resins from other sources (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. Table 4.4 indicated that maximum adsorption capacity based on the resin area of XAD7 was higher than XAD16 (0.054 mg/m² vs. 0.040 mg/m 2 ). However, as expected from screening experiments, XAD16 showed higher maximum capacity when results were based on resin amount (36.59 mg/g for XAD16 vs. 26.21 mg/g for XAD7). Considering kinetics result with the two resins it can be deduced that XAD7 polymer (acrylate resin) had a better adsorption property than XAD16 polymer (styrene divinyl benzene). The far better specific surface area of XAD16 (900 m²/g vs. 450 m²/g) probably made its highest massic adsorption capacity. In any case, it would confirm the hypothesis of a higher adsorption site density on acrylate material.

Besides, qmax value of CGA adsorption from a sunflower (Helianthus annuus L.) aqueous extract on XAD16HP was observed at 42.7 mg/g [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF]. This result is close to what is observed here. The discrepancy may be due to the interference of other organic molecules. Indeed, the above-mentioned article dealt with a raw extract containing proteins. It might also be due to the impact of an ionic strength. In this study a UF permeate was used (vs. a whole extract) and the NaCl content was around 0.5 M. qmax observed here were lower than on the highly polar NKA-II resin (66.863 mg/g) (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF]. Authors claimed that this high adsorption capacity was due to the resin polarity, 

Determination of thermodynamic parameters

The effect of temperature on both resins adsorption capacity of CGA was also investigated in order to get the thermodynamic parameters of adsorption. 4.5. Obviously, the adsorption of phenolic compounds decreased with increasing temperature (Table 4.5). XAD7 Qmax ranged from 0.13, to 0.09 mg/m² from 25°C to 45°C while XAD16 Qmax value decreased from 0.19, 0.09 and 0.07 mg/m² in the same temperature range. ∆H and ∆S were determined through the slope and intercept of ln KL against 1/T (Eq. 4.3) (Figure 4.6C) according to Van Hoff's equation. The enthalpy changes (∆H) for the CGA adsorption process on both XAD7 and XAD16 resin were -37.35 and -22.47 kJ/mol, respectively (Table 4.5). Negative values indicate an exothermic adsorption process. The fact that values were less than 43 kJ/ mol demonstrated that the adsorption process of CGA on the resins was governed by physical rather than chemical interactions [START_REF] Gökmen | Equilibrium and kinetic studies on the adsorption of dark colored compounds from apple juice using adsorbent resin[END_REF][START_REF] Liu | Adsorption of methylene blue from aqueous solution by graphene[END_REF][START_REF] Yang | [END_REF]. That demonstrated that XAD7 and XAD16 resins would not undergo structural changes during the CGA adsorption process. Therefore, adsorption of CGA on the resins only takes place through physical mechanism with no chemical reactions. This observation was also reported in the work of Zhen Peng Gao et al. (Z. P. [START_REF] Gao | Adsorption isotherm, thermodynamics and kinetics studies of polyphenols separation from kiwifruit juice using adsorbent resin[END_REF] when they studied the adsorption of polyphenols separation from kiwifruit juice using AB-8 resin. Furthermore, it indicated that the adsorption process of CGA for both resins should be conducted at room temperature (around 25°C). In addition, the entropy changes (∆S) values of XAD7 and XAD16 were -0.119 and -0.068 kJ/molK, respectively. These negative values suggested a random adsorption process at the solidliquid interface [START_REF] Gupta | Equilibrium Uptake, Sorption Dynamics, Process Development, and Column Operations for the Removal of Copper and Nickel from Aqueous Solution and Wastewater Using Activated Slag, a Low-Cost Adsorbent[END_REF] which happened owing to the desorption process of water molecules previously adsorbed onto the resins' surface (Z. P. [START_REF] Gao | Adsorption isotherm, thermodynamics and kinetics studies of polyphenols separation from kiwifruit juice using adsorbent resin[END_REF]. The negative free energy change (∆G) deduced from ∆H and ∆S (Table 4.5). suggested that CGA adsorption onto XAD7 and XAD16 was a spontaneous process. Moreover, the absolute value of ∆G < 20 kJ/mol confirmed physical adsorption of CGA onto both resin [START_REF] Ding | Affecting factors, equilibrium, kinetics and thermodynamics of bromide removal from aqueous solutions by MIEX resin[END_REF][START_REF] Gao | Adsorption isotherm, thermodynamics and kinetics studies of polyphenols separation from kiwifruit juice using adsorbent resin[END_REF]. These results are also online with the proposed adsorption scheme in Ethanol solutions from 30, 50, 70, and 90%, v/v were used to desorb CGA from XAD7 and XAD16. Desorption kinetics showed that 120 min was necessary to reach the equilibrium (data not shown). This observation was in agreement with L. Xi et al. [START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF] that studied the desorption static of polyphenols from sweet potato Ipomoea batatas L. leaves on AB-8 resin. Figure 4.7 shows a maximum of CGA desorption ratio from 70% ethanol (v/v) in both the two cases. At this ethanol concentration (and higher), the desorption ratio was around 90%. L. Xi et al. [START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF] also showed that the highest desorption ratio (90.9%) was observed when ethanol concentration was 70% (v/v). Such a maximum ratio was also observed with the desorption of flavonoids from G. glabra L.

leaf from XAD16 (at ethanol 80%, v/v) (Dong et al., 2015a). Interestingly, for ethanol concentration below 70% (v/v), the desorption ratio of CGA for XAD16 was higher than for XAD7 (p < 0.05).

Relatively large desorption ratio discrepancies were particularly observed at 30% ethanol (48.08% for XAD7 and 56.03% for XAD16). This may indicate stronger interactions throughout hydrogen bonding (occurring with XAD7) rather than  - interactions (occurring with XAD16). In the past, B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF] reported that the purity of CGA from the organic extract of Eupatorium adenophorum Spreng was 22.17% using NKA-II macroporous resin (polar). Meanwhile, P-C. [START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF] indicated that CGA separation from Helianthus tuberosus L. leaves extract by ADS-21 (polar resin) was 65.2%. On the contrary, in this study, the purity of CGA from sunflower meal when we used XAD7 and XAD16 were 77.56 ± 0.99 and 74.59 ± 0.12%, respectively. It might be the effect of the polarity of macroporous resin on the adsorption selectivity of CGA to some degree.

The results in the current study indicated that selected macroporous resins were efficient for separation of CGA notably with XAD7 resin (moderate polar resin). 

Conclusions

XAD7 (mildly polar) and XAD16 (apolar) showed high CGA surface and massic adsorption capacities (from an aqueous by-product of sunflower protein purification process). The adsorption kinetics of polyphenols on the two resins followed a pseudo-second-order model with a similar intraparticle diffusion pattern. The Langmuir model described more accurately the adsorption behavior of phenolic compounds on both the two resins indicating a monolayer adsorption behavior. The negative value of enthalpy, entropy, and Gibbs free energy indicated spontaneous and exothermic processes.

Hence, the adsorption process was controlled by a physical mechanism and should be favorably performed at low temperatures. We concluded that the high surface adsorption capacity on XAD 7 was probably due to a high frequency of the binding sites on acrylate polymer. The high massic adsorption capacity observed with XAD16 is due to its very high specific area. In addition, the highest desorption ratio was observed at ethanol solution at 70% (v/v) but slight discrepancies were observed between the two resins. This would be due to the different interactions at stake between CGA and the two resins (hydrogen bond with XAD7 and  - stacking with XAD16).

Rapeseed polyphenols characterization and capture by adsorption

In this part, the same scientific approach has been implemented with rapeseed meal (RSM) protein isolate by-product. As we mentioned in the previous part in this thesis, rapeseed meal is the main by-product of oil industrial extraction processes. Its annual production reached 70 million tons in 2019 (FAOSTAT, 2020a). To date, RSM is used for animal nutrition [START_REF] Downey | New Developments in Canola Research[END_REF]). However, protein isolates from RSM are protein-based products with a high protein content could be used in human consumption [START_REF] Tzeng | Production of Canola Protein Materials by Alkaline Extraction, Precipitation, and Membrane Processing[END_REF]. Rapeseed protein isolate production is classically based on a solid liquid extraction using aqueous solvents (modulated by pH and ionic strength), a clarification step and a protein purification step. The purification is most often achieved either by tangential filtration or isoelectric precipitation [START_REF] Defaix | A new sizeexclusion chromatography method for fast rapeseed albumin and globulin quantification[END_REF]. Polar phenolic compounds are extracted with proteins during the extraction step and parted from proteins during the protein purification step. At the end of the purification process, phenolic compounds are in an aqueous by-product alongside with soluble low molar weight minerals and non-protein nitrogen containing molecules. The valorization of this by-product is of a crucial importance for industrial viability of rapeseed protein isolate production. The capture of phenolic compounds could be an interesting valorization strategy.

Therefore, in this study, identification and capture of phenolic compounds from a rapeseed protein isolate by-product obtained by ultrafiltration was also investigated. Phenolic compounds in the aqueous by-product were identified by LC-MS. Five macroporous resins, including XAD4, XAD7, XAD16, XAD1180, and HP20, having various properties were screened for phenolic compounds capture from RSM protein isolate by-product. adsorption kinetics and isotherms of phenolic compounds from RSM protein isolate by-product were studied in order to elucidate phenolic compounds adsorption mechanisms using resin. Desorption by ethanol/water mixtures was investigated and obtained purity considered to choose the most appropriate eluent for phenolic compounds capture from this effluent.

The obtained results represented in this part of thesis are a part of our publication which entitled "Identification and capture of phenolic compounds from a rapeseed meal protein isolate production process by-product by macroporous resin and valorization their antioxidant properties" on the journal Molecules. [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF][START_REF] Defaix | A new sizeexclusion chromatography method for fast rapeseed albumin and globulin quantification[END_REF]. A main peak can be observed at 18.94 min of retention time alongside with marginal signals at 23.31, 28.33 and 31.68 min. ESI-MS analysis revealed that this peak contained molecules with m/z of 310 (positive mode), 385, 753, and 223 (negative mode) (Table S4.1).

This corresponded to sinapine (SP), sinapoyl glucose (SG), 1,2-di-sinapoyl gentiobise, and sinapic acid (SA), respectively. The identification of sinapine and sinapic acid was confirmed by injection of standards. R. [START_REF] Khattab | Determination of Sinapic Acid Derivatives in Canola Extracts Using High-Performance Liquid Chromatography[END_REF]) also identified SP, SA, and SG from canola / rapeseed organic solvents extracts such as 70% ethanol, 70% methanol, or 70% iso-propanol (v/v). In the UF (4) sinapic acid permeate, SP, other identified SA esters and SA represented 59.78%, 21.66% and 2.84% in proportion, respectively. Only 15.72% of the phenolic compounds remained unidentified. These observations also agreed with the report from U. Thiyam-Holländer et al. [START_REF] Thiyam-Holländer | Canola and Rapeseed: Production, Processing, Food Quality, and Nutrition[END_REF]. In their study, the de-oil rapeseed were extracted by distilled water with ratio 1:10 (w/v) for 10 min. The unidentified compounds were most probably other polar sinapic acid esters. Results are given in terms of total phenolic compounds (TPC) and the main phenolic compound of the starting product (sinapine).

Figure S4.3 shows the adsorption capacity of total phenolic content (TPC) and sinapine, from permeate on XAD4, XAD7, XAD16, XAD1180, and HP20 resins. Table 4.1 displays resins properties.

XAD4, XAD16, XAD1180, and HP20 are nonpolar resins made out of SDVB polymers. They differ by bead and pore size (50-300 Å). XAD7 is composed of acrylamide polymer which is considered as mild polar (Tuong Thi Le et al., 2020). All these resins were demonstrated to adsorb phenolic compounds from many different plant extracts [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF][START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF]. The adsorption of TPC from non-hydrolyzed permeate ranged from about 11 (for XAD4 and XAD7) to 12.5 mgSAE/g (for XAD16) of dry resins. Interestingly, the adsorption of sinapine (main phenolic compound) was similar to TPC, ranging from 11 (for XAD7) to 13.5 mg/g (for XAD16) of dry resin.

The adsorption capacity depends on molecule affinity toward the material and the specific surface (Q. [START_REF] Yang | Adsorption and desorption characteristics of adlay bran free phenolics on macroporous resins[END_REF]. This last parameter is conditioned by bead size and can be modulated by pore size if it limits the molecule inner accessibility (Tuong Thi Le et al., 2020). Pore ≤ 50 Å were shown to limit the diffusion of phenolic compounds into particle's pores by steric hindrance (Dong et al., 2015a;[START_REF] Yang | [END_REF]. Among styrene-divinyl benzene (SDVB) resins, XAD16 showed the highest specific area (900 m²/g) followed by XAD4, XAD1180, and HP20. Interestingly, this ranking corresponded to observed capacity values. This indicates that SDVB resin capacities were essentially governed by specific area. It can be hypothesized that XAD4 low pore size (50 Å) did no yield additional diffusion limitation. Probably, the interaction of sinapine (Figure S4.1) (a main phenolic compound) and SDVB resins were through pi-pi stacking interaction (aromatic ring part of phenolic compounds and benzene rings of SDVB resins) (Tuong Thi Le et al., 2020). XAD16 and XAD1180 showed the highest adsorption capacity of TPC. However, XAD16 had the highest adsorption capacity of TPC and sinapine. The very high specific area of XAD16 (900 m²/g) showed better adsorption in terms of massic capacity than XAD7 or HP20 with a similar specific area (450 or 500 m²/g). So, the adsorption kinetics, isotherms, thermodynamics properties, and phenolic compounds desorption were further investigated with this resin. Adsorption kinetics of the main phenolic compounds from UF permeate with sinapine on XAD16 are presented in Figure S4.4A. Very similar trends were observed. A large part of phenolic compounds was quickly adsorbed (up to 90% of the equilibrium capacity in 30 min). Then, the kinetics slowed down up to the equilibrium observed between 60 min and 120 min. As expected from resin screening results, this indicated that XAD16 has a strong affinity toward rapeseed phenolic compounds.

Such a behavior was also reported for adlay bran phenolic compounds (Q. [START_REF] Yang | Adsorption and desorption characteristics of adlay bran free phenolics on macroporous resins[END_REF]. Adsorption kinetics were regressed with pseudo-first-order (PFO, [START_REF] Lagergren | About the Theory of So-Called Adsorption of Soluble Substances[END_REF]) and pseudo-second-order (PSO, [START_REF] Ho | Kinetic Models for the Sorption of Dye from Aqueous Solution by Wood[END_REF]) equations in linearized form (Figure S4. B-C-D).

Table S4.2 summarizes the corresponding equations, model parameter values and R² of the linear regressions.

The R² obtained with linearized PFO (ln(qe-qt) vs. t) was less than 0.94 for sinapine.

Furthermore, the calculated qe for XAD16 3.83 mg/g for sinapine was found very different from experimental values 13.53 mg/g for sinapine. On the other hand, R² obtained with PSO was equal to 1.

Moreover, the calculated qe 13.54 for sinapine predicted from PSO model was very near the experimental values of qe 13.53 mg/g. These results indicate that adsorption kinetics followed a PSO model for the XAD16 resin. This was also observed with adsorption of chlorogenic acid from byproduct proteins isolates on XAD16 resin (Tuong Thi Le et al., 2020).

Solute transport phenomena are complex in adsorption processes. In the liquid phase, solutes are transported by convection and diffusion. There is also a diffusive transport from the liquid phase to the bead surface (through a limit liquid film) and a diffusive transport inside the particle's pores.

Adsorption kinetics may be modulated by several diffusional types of transports. The intra-particle diffusion model [START_REF] Weber | Kinetics of adsorption on carbon from solution[END_REF] is commonly used to investigate the diffusive rate-controlling phenomenon [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF][START_REF] Gök | Prediction of the kinetics, equilibrium and thermodynamic parameters of adsorption of copper(II) ions onto 8-hydroxy quinoline immobilized bentonite[END_REF].

Figure S4.4D show qt vs t 0.5 plots obtained with the XAD16 resin. These plots correspond to the linear form of the intra-particle diffusion model (Table S4.1). The slopes represent the constant rate (ki) of each adsorption step while Ci (intercept at y-axis) is related to the thickness of the limiting layer.

R², ki, and Ci values obtained from linear regressions are displayed in Table S4.1. Interestingly, k1 1.03 (mg/g)/min 0.5 for sinapine is by far higher than k2 (approximately 0). It can also be noticed that R² values for sinapine is 0.9828. This indicates that for both liquid effluents, the adsorption process is limited by two diffusional effects. In the previous study, the similar pattern was also observed with the adsorption of chlorogenic acid onto XAD16 resin (Tuong Thi Le et al., 2020). Very similar results were observed with the adsorption of alfalfa phenolic compounds on HP20 and AER1 resins [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF]. It was interpreted as a two steps adsorption process. The first one is related to the diffusional transport throughout the boundary layer at the liquid/beads interface. Its high rate constant ki,1 was 1.03 (mg/g)/min 0.5 for sinapine indicates a low diffusional limitation at this stage. The second one is due to intraparticle diffusion. The low rate constant ki,2 approximately equal to 0 indicates a stronger diffusional limitation. Such observation and explanation were also made by others (Y. [START_REF] Chen | Adsorption properties of macroporous adsorbent resins for separation of anthocyanins from mulberry[END_REF]Dong et al., 2015a;[START_REF] Gök | Prediction of the kinetics, equilibrium and thermodynamic parameters of adsorption of copper(II) ions onto 8-hydroxy quinoline immobilized bentonite[END_REF]. [START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF]. Table S4.3 lists the R² of the regression, equations, and model parameters with sinapine and sinapic acid. In this case, we observed the R² values were equivalent between Freundlich (0.996) and Langmuir (0.997) models. In the literature, the best fit with Langmuir model was found (Moreno-González et al. 2020). This indicated that the same adsorption mechanism took place in any cases. This consisted in a monolayer adsorption of phenolic compounds at the surface of the resin [START_REF] Chang | Extraction and Advanced Adsorbents for the Separation of Perillaldehyde from Perilla frutescens (L.) Britton var. Crispa f. Viridis Leaves[END_REF]Y. Chen et al., 2016;[START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF]. These findings also are in agreement with another work on chlorogenic acid adsorption on XAD16 resin from sunflower meal (Tuong Thi Le et al., 2020;[START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF].

Adsorption isotherms

Moreover, this finding is consistent with that of M. Moreno- González et al. (Moreno-González et al., 2020) about the adsorption of sinapic acid from canola/rapeseed meal using the FPX66 resin. The maximum adsorption capacity of sinapine was 35.93 mg/g (0.12 mol/g) of dry resin (Table S4.3). This observation has never been published. Meanwhile, according to M. Moreno- González et al. (Moreno-González et al., 2020), the maximum adsorption capacity for sinapic acid was lower (about 15 mg/g or 0.07 mol/g) onto the non-polar (SDVB) FPX66 resin. The different values might be due to other organic compounds such as carbohydrates, amino acids, and proteins in raw materials. It might also be due to the impact of ionic strength. Moreover, the difference in physical characteristics also caused the difference in adsorption capacity. A. Thiel et al. [START_REF] Thiel | A novel integrated downstream processing approach to recover sinapic acid, phytic acid and proteins from rapeseed meal: A novel downstream processing approach for rapeseed meal[END_REF] investigated the adsorption of sinapic acid and other compounds onto zeolites and hydrophobic resins, including XAD16, the resin used in this study. These authors claimed that the adsorption capacity of sinapic acid was higher than the one presented here (44.5 mg/g or 0.20 mol/g of dry resin). However, these authors evaluated the experiments at different pH (pH 5) and used different starting materials; rapeseed meal extracted with heated deionized water at 70°C at a ratio of 1 : 8 (solid : liquid) that might explain the difference in these values. The effect of temperature on the adsorption capacity of phenolic compounds from the XAD16 resin in the two liquid effluents were investigated to obtain the thermodynamic parameters of adsorption.

Langmuir model parameters and R² are listed in Table S4.4. ∆H and ∆S were determined through the slope and intercept of ln KL against 1/T (Figure S4.6) according to Van Hoff's equation. Enthalpy changes (∆H) for sinapine and sinapic acid adsorption process on XAD16 resin were -2.56, and -2.72 kJ/mol, respectively (Table S4. 4). Negative values indicate an exothermic adsorption process. The fact that values were less than 43 kJ/mol demonstrates that the adsorption process of phenolic compounds on the XAD16 resin was governed by physical rather than chemical interactions (Tuong Thi Le et al., 2020). This demonstrates that the XAD16 resin would not undergo structural changes during phenolic compounds' adsorption process. Therefore, adsorption of phenolic compounds on the resin only takes place through physical mechanism with no chemical reactions. This observation was also reported by Z. P. [START_REF] Gao | Adsorption isotherm, thermodynamics and kinetics studies of polyphenols separation from kiwifruit juice using adsorbent resin[END_REF] who studied the adsorption of polyphenols from kiwifruit juice using AB-8 resin (Z. P. [START_REF] Gao | Adsorption isotherm, thermodynamics and kinetics studies of polyphenols separation from kiwifruit juice using adsorbent resin[END_REF]. In addition, the entropy changes (∆S) values of XAD16 were -55.95 for sinapine. This negative value suggests a random adsorption process at the solid-liquid interface [START_REF] Gupta | Equilibrium Uptake, Sorption Dynamics, Process Development, and Column Operations for the Removal of Copper and Nickel from Aqueous Solution and Wastewater Using Activated Slag, a Low-Cost Adsorbent[END_REF] which happened owing to the desorption process of water molecules previously adsorbed onto the resins' surface (Z. P. [START_REF] Gao | Adsorption isotherm, thermodynamics and kinetics studies of polyphenols separation from kiwifruit juice using adsorbent resin[END_REF]. The negative free energy change (∆G) deduced from ∆H and ∆S (Table S4) suggests that phenolic compounds adsorption onto the XAD16 resin was a spontaneous process. Moreover, the absolute value of ∆G < 20 kJ/mol confirmed physical adsorption of phenolic compounds onto XAD16 resin (Z. P. [START_REF] Gao | Adsorption isotherm, thermodynamics and kinetics studies of polyphenols separation from kiwifruit juice using adsorbent resin[END_REF]Tuong Thi Le et al., 2020). To assess the effect of ethanol concentration on desorption, five ethanol concentrations were evaluated: 30, 50, 70 and 90% (v/v). Preliminary results showed that the desorption curve reaches equilibrium after 120 min (data not shown). As shown in Figure S4.7, ethanol concentration significantly influenced on sinapine desorption ratio. The highest of desorption ratio of sinapine was observed with ethanol 30% (v/v) (p < 0.05). These results indicate that desorption ratio was influenced by ethanol concentration and the solubility of phenolic compounds in the desorption phase. Indeed, sinapine is a polar compound demonstrating a good desorption ratio with ethanol at a lower concentration. Surprisingly, the desorption ratios of sinapic acid and sinapine in this study were much higher than in the report of A. Thiel et al. [START_REF] Thiel | New zeolite adsorbents for downstream processing of polyphenols from renewable resources[END_REF][START_REF] Thiel | A novel integrated downstream processing approach to recover sinapic acid, phytic acid and proteins from rapeseed meal: A novel downstream processing approach for rapeseed meal[END_REF] (about 3.7% for sinapine) who used the same macroporous resin (XAD16) and desorption with 70% aqueous ethanol. 

Conclusions of phenolic capture in rapeseed permeate

In conclusion, this study provides insights into determination of phenolic compounds in an aqueous protein extraction/purification by-product (permeate) from rapeseed meal (RSM). We found that sinapine was the main phenolic compound in this permeate. The other compounds were sinapoyl glucose, 1,2-di-sinapoyl gentiobise and sinapic acid. The XAD16 resin showed the highest adsorption capacity. Adsorption behaviors of total phenolic compounds and sinapine were also investigated. Our results revealed that the adsorption of phenolic compounds followed the pseudo-second-order model and presented a very similar pattern of intra-particle diffusion. The Langmuir model was suitable to describe the adsorption process of phenolic compound. Besides, the adsorption process was an exothermic, randomness, and physical adsorption process.

Conclusion for chapter 4

The main objective of this chapter was to identify the phenolic compounds in SFM and RSM proteins isolate byproducts and understand the mechanisms of phenolic compounds adsorbed onto different macroporous resins such as XAD4, XAD7, XAD16, XAD1180, and HP20. The main phenolic compounds SFM and RSM proteins isolate by-products were CGA and SP, respectively. The macroporous resins with different properties (physical and chemical properties) exhibited different adsorption capacities and desorption capacities.

XAD7 and XAD16 exhibited high CGA surface and massic adsorption capacities from SFM protein isolate by-product. Obviously, the high surface adsorption capacity on XAD7 was probably due to a high frequency of the binding sites on acrylate polymer. Besides, the high massic adsorption capacity observed with XAD16 is owing to its high specific area. On the other hand, the high massic SP and TPC adsorption capacities from RSM protein isolate by-product was observed with XAD16 resin. This would be due to the different interactions at stake between CGA and SP on the two resins.

CGA and XAD7 resin interaction is based on hydrogen bonding between hydroxyl group of caffeic acid part and the acrylate ester bonds of the resin backbone. This interaction might be dominant in case of CGA and XAD7. However, the interaction of SP from RSM and XAD16 is based on hydrophobichydrophobic interaction. It is more likely that the pi-pi stacking in aromatic ring of SP interacts more favorably with the pi-pi stacking in benzene rings of XAD16 resin backbone.

In addition, the adsorption kinetics of phenolic compounds from SFM and RSM onto XAD7

and XAD16 followed a pseudo-second-order model with a similar intra-particle diffusion. The adsorption isotherms were described by Langmuir model indicating a monolayer adsorption behavior.

The adsorption process was controlled by a physical mechanism and it was exothermic processes due to the negative values of thermodynamic parameters. The best eluent for desorption process with ethanol solution at 70% (v/v) was observed in any cases. In summary, these results provided informative content for designing purification system to produce enough phenolic fractions for bioactivity studies such as antioxidant and anti-inflammation.

Introduction

Chlorogenic acid (CGA) is a mild polar phenolic compound composed of a quinic acid and a caffeic acid part linked by an ester bond [START_REF] Kremr | Unremitting problems with chlorogenic acid Nomenclature: A review[END_REF]H. J. Park et al., 2010). This compound has antioxidant properties throughout free radical scavenging [START_REF] Mandrone | Antioxidant and anti-collagenase activity of Hypericum hircinum L[END_REF][START_REF] Santana-Gálvez | Chlorogenic Acid: Recent Advances on Its Dual Role as a Food Additive and a Nutraceutical against Metabolic Syndrome[END_REF][START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF] and metal chelation activities (M.-H. [START_REF] Huang | Inhibitory effects of sweet potato leaves on nitric oxide production and protein nitration[END_REF][START_REF] Kurata | Growth suppression of human cancer cells by polyphenolics from sweetpotato (Ipomoea batatas L.) leaves[END_REF][START_REF] Kurata | Simple high-yield purification of 3, 4, 5-tri-Ocaffeoylquinic acid from sweetpotato (Ipomoea batatas L.) leaf and its inhibitory effects on aldose reductase[END_REF]. Besides, CGA has anti-inflammatory effects [START_REF] Francisco | Anti-inflammatory activity of Cymbopogon citratus leaves infusion via proteasome and nuclear factor-κB pathway inhibition: Contribution of chlorogenic acid[END_REF][START_REF] Hwang | Anti-inflammatory effects of chlorogenic acid in lipopolysaccharide-stimulated RAW 264.7 cells[END_REF][START_REF] Shan | Chlorogenic acid inhibits lipopolysaccharide-induced cyclooxygenase-2 expression in RAW264.7 cells through suppressing NF-κB and JNK/AP-1 activation[END_REF]Shin et al., 2015, p. 201;Z. Zhao et al., 2008). According to Drugbank [START_REF] Wishart | DrugBank 5.0: A major update to the DrugBank database for 2018[END_REF], CGA can be used in the pharmaceutical field and a recent report suggests that it could be useful for the preservation of food products [START_REF] Santana-Gálvez | Chlorogenic Acid: Recent Advances on Its Dual Role as a Food Additive and a Nutraceutical against Metabolic Syndrome[END_REF]. However, the way to use it in the biomedical (human and/or veterinary) field deserves more attention.

CGA can be found in various resources like coffee bean, tea, apple and sweet potato leaves [START_REF] Meng | Roles of chlorogenic acid on regulating glucose and lipids metabolism: A review[END_REF][START_REF] Sun | Simultaneous separation and purification of total polyphenols, chlorogenic acid and phlorizin from thinned young apples[END_REF][START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF]. However, these resources are either valorized as commodity or poorly available for CGA production. Sunflower meal (SFM) is also particularly rich in CGA (1.42-4.00% on a dry basis [START_REF] Pedrosa | Determination of caffeic and chlorogenic acids and their derivatives in different sunflower seeds[END_REF][START_REF] Weisz | Identification and quantification of phenolic compounds from sunflower (Helianthus annuus L.) kernels and shells by HPLC-DAD/ESI-MSn[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. SFM is the oil extraction by-product and is largely available (yearly production about 56 million tons worldwide (FAOSTAT, 2020a). To date, SFM is mainly used for animal nutrition because of its high content in proteins [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. Recently, SFM revealed to be a very interesting source for protein isolate production (Albe [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF][START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. Interestingly, CGA was shown largely predominant in the aqueous by-product yielded by sunflower meal protein isolate production.

Such by-products are obtained after saline extraction and a protein purification process either carried out by ultrafiltration or acid precipitation (Albe [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF][START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF]. Hence, the capture of CGA from these effluents could offer a very promising valorization way.

Many studies report that the use of mild polar macroporous resins, such as AB-8, NKA-II, and ADS-21 resins, is appropriate for CGA capture from plant extracts with maximum adsorption capacity ranging from 9.83 to 26.8 mg/g (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF].

Obviously, the adsorption capacity of CGA is favorable under acidic conditions (pH 2 -3) because the carboxylic acid function is protonated which limits CGA polarity and increases the adsorption on mild polar resins (P.-C. [START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF]. Batch adsorption studies allowed to finely understand transport and adsorption phenomena of CGA on resins (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF]. In brief, CGA transport shows rather low diffusional limitations and the adsorption is mainly governed by physic interactions. Thus, resins should be implemented at temperature around 20°C (Tuong Thi Le et al., 2020;[START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF].

However, there are limited information on CGA capture by adsorption column (dynamic adsorption) that are used in industrial applications. Dynamic adsorption is particularly complex since it implies many operating conditions (flow rate, adsorption pH, desorption flow rate, composition of the desorption eluent, etc.) and antagonist performance criteria (purity, recovery and productivity). This makes difficult to identify the optimal conditions for the CGA capture. The few dynamic adsorption studies of CGA on macroporous resins showed that the most favorable adsorption pH and flow rate for maximizing dynamic binding capacities or CGA adsorption ratio ranged from 1 -3. Bed volume / hour and pH 2 -3 respectively with dynamic binding capacity or CGA capture rate around 25 mg/g or 80% [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF]. The desorption is generally carried out using ethanolwater solvent with ethanol proportion comprising between 40 and 70% (v/v). Polyphenol purity in the fraction varied in a 15 -65% range depending on the material and the ethanol / water ratio (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF]. The recovery was around 80% (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF]. Most of these studies were carried out using one factor at a time or design of experiments optimization methods, but were aimed at maximizing a single criterion (most often the dynamic binding capacity). Furthermore, to our knowledge, no study integrates the productivity as a performance criteria, which is crucial for industrial applications. Considering that productivity is antagonist of the binding capacity, the so-called optimized conditions reported in literature are most probably far from the best trade-off.

We previously reported an optimized process for SFM protein isolate production based on protein saline extraction and purification by tangential filtration (Albe [START_REF] Slabi | A new SE-HPLC method for simultaneous quantification of proteins and main phenolic compounds from sunflower meal aqueous extracts[END_REF]. In the aqueous by-product, which is the ultrafiltration permeate yielded by the diafiltration step, CGA was shown to be the main phenolic compound (Tuong Thi Le et al., 2020). Batch adsorption study revealed that CGA was most favorably captured by XAD7 resin from this by-product. In this study, the effect of adsorption flow rate and pH on dynamic binding capacity, productivity and recovery was investigated by DoE.

Then, a multiobjective optimization method of this step was proposed based on the DoE models.

Concerning the desorption step, the effect of the ethanol concentration on both CGA purity and recovery was considered. The antioxidant activity of the fraction obtained in the set of optimal conditions was compared to CGA standard and vitamin C. The anti-inflammatory activity was evaluated using a classical model [START_REF] Chanput | THP-1 cell line: An in vitro cell model for immune modulation approach[END_REF]; the release of the TNF-α pro-inflammatory cytokine.by lipopolysaccharide (LPS) treated THP-1 macrophages. These last studies allowed to demonstrate a protective effect of this fraction against a future inflammation. This property could be valorized in the veterinary and human well-being fields and its antioxidant properties in the food industry.

Materials and methods

Chemical reagents

Chlorogenic acid standard (purity ≥ 95%), 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), potassium persulfate, ascorbic acid (vitamin C), and macroporous resin XAD7 were purchased from Sigma-Aldrich (St. Louis, Missouri, United States).

High-performance liquid chromatography (HPLC) grade solvents, including acetonitrile, formic acid, and methanol, were purchased from Fisher chemical (USA). Absolute ethanol was from the DASIT group (France). Sodium chloride was purchased from UWR chemicals prolabo (Belgium).

Aqueous by-product from sunflower protein isolate production

The aqueous effluent used in this study resulted from a sunflower protein isolate process (Albe [START_REF] Slabi | Multiobjective optimization of solid/liquid extraction of total sunflower proteins from cold press meal[END_REF]. Briefly, this process was carried out in two steps: firstly, a protein extraction from sunflower cake and secondly, a protein purification by tangential filtration (diafiltration mode). For protein extraction, the appropriate amount of meal and NaCl 0.5 M were mixed at a solid/liquid ratio of 1/9. Then, the pH was adjusted at 7.5 by adding NaOH 1M. The slurry was agitated (400 rpm) at room temperature during 30 min. The liquid phase was separated from the meal by centrifugation (Thermo Scientific Sorvall LYNX 6000 centrifuge) at 15000g and 20°C for 30 min. The aqueous phase was filtered through cellulose filters (Fisherbrand, USA). Proteins from the clarified aqueous phase were purified by diafiltration using an Akta Flux 6 ultrafiltration apparatus (GE Healthcare Life Science, USA) equipped with a 3 kDa PolyEther Sulfone (PES) membrane with a 4800 cm² surface area (UFP-3-C-6A, GE Healthcare, USA). The transmembrane pressure was set at 1.5 bar and the feed rate at 1.5 L/min. The aqueous effluent used in the study was the permeate fraction obtained after flushing the retentate compartment with 6 diavolumes (DV) of NaCl 0.5M. The generated permeate was acidified to pH 2 by adding HCl 1M and stored at -20°C before use.

Column adsorption

For the adsorption, appropriate volumes of effluent adjusted to pH 2, 3.5, or 5 were injected into columns (16 x 50 mm) packed with XAD7 resin equilibrated with deionized water. The elution was done at 15 BV/h (bed volume/hour), 10 BV/h or 5 BV/h using an AKTA Pure system (GE Healthcare, Sweden). The eluate was fractionated into 10 mL fractions. CGA concentration in each fraction was quantified by HPLC. The elution was monitored by UV detection at 325 nm. The column charge step was stopped when the absorbance at 325 nm corresponded to a CGA concentration corresponding to 10% of its concentration in the feed. Then, the column was washed by 25 BV of deionized water at 120 BV/h and eluted by 99.6% (v/v) ethanol at 120 BV/h. CGA concentration was also quantified by HPLC in the desorption fraction in order to calculate, for each condition, the three performance criteria associated to the desorption phase (CGA dynamic binding capacity at 10%, i.e. DBC10, process productivity and CGA recovery).

The dynamic binding capacity at 10% (in mg of CGA/g of resin) was calculated as follows:

𝐷𝐵𝐶10 = 𝑚 𝐶𝐺𝐴 𝑎𝑑𝑠.
𝑚 𝑟𝑒𝑠𝑖𝑛 (5.1) where mCGA ads. is the amount of CGA adsorbed onto the resin, and mresin is the dried resin weight.

The process productivity (in mg of CGA/g of resin/min) was determined as follows:

Productivity = 𝑚 𝐶𝐺𝐴 𝑑𝑒𝑠.
𝑚 𝑟𝑒𝑠𝑖𝑛 * 𝑡 (5.2) where mCGA des. is the amount of CGA in the desorption fraction (in mg), mresin is the dried resin weight (in g), and t is the total duration of the adsorption + washing + desorption process.

The recovery (expressed in %) was calculated as follows:

Recovery (%) = 𝑚 𝐶𝐺𝐴 𝑜𝑢𝑡. 𝑚 𝐶𝐺𝐴 𝑖𝑛. 100% (5.3) where mCGA in. is the mass of CGA introduced at the column inlet determined by HPLC and mCGA out. is the amount of CGA in the desorption fraction.

To define the best desorption conditions, the optimal adsorption conditions were applied ( 15BV/h at pH 2.7). Then, the column was washed by 25 BV of deionized water and eluted with 30, 50, 70, and 90% of ethanol in water (v/v) at a flow rate of 120 BV/h as recommended by the manufacturer.

The elution was collected every 10 mL and stopped when the UV signal at 325 nm reached the baseline.

CGA concentration was determined in each of the 10 mL fractions by HPLC. The ÄKTA Pure system (GE Healthcare, Sweden) performed all dynamic adsorption and desorption steps thanks to the UNICORN software. Fractions containing CGA were pooled and freeze-dried after vacuum concentration for further analysis (CGA and dry matter amounts) and use (antioxidant or antiinflammatory assays).

CGA purity in the desorption fraction was calculated as follows:

Purity (%) = 𝑚 𝐶𝐺𝐴 𝑑𝑒𝑠.
∑ 𝑚 𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 100% (5.4) where mCGA des. is the amount of CGA in the desorption fraction and mtotal mass is the amount of the dried product.

HPLC analysis

CGA quantification was carried by size exclusion HPLC as recommended by Sara et al. [22].

The system (Shimadzu Corporation, Kyoto, Japan) was composed of a pump, a degasser (LC-20AD), an auto-sampler (SIL-20AC), a column oven (CTO-20A), and a diode array detector (CPO-M20A). The column used was a Biosep 5 µm SEC-s2000 (300 x 7.8 mm; Phenomenex, USA). The mobile phase was composed of formic acid / ultrapure water / acetonitrile (0.1% / 55% / 45%, v/v). The temperature was set at 35°C and the flow rate was 0.6 mL/min. The injection volume was 5 µL. The detection wavelength was 325 nm. Peak identity was confirmed from retention time data with a standard sample to measure CGA concentration and MS analysis. The calibration curve of standard CGA was constructed in a concentration range 0.05-1.25 mg/mL (y = 2.51x10 7 , R² = 0.9983).

Design of Experiments

Design of experiments was used to investigate the influence of adsorption flow rate and pH.

The adsorption flow rate (X1) was studied in the range of 5 to 15 BV/h. pH was studied in the range of 2 to 5. Considered criteria were DBC10 (in mg/g), productivity (in mg/g/min), and recovery (in %).

The face-centered central composite design was generated and analyzed using the MODDE ® 7 software form Sartorius Stedim Biotech (Göttingen, Germany). The experimental matrix was composed of 11 combinations of adsorption flow rates (ranging from 5 to 15 BV/h) and pH values (ranging from 2 to 5)

including three replications at the central point. The coded setting conditions are presented in Table 5.A1. The mathematical relationship between factors and responses was described by the following second-degree polynomial equation (Eq. (5.5)):

𝑌 = 𝛽 0 + 𝛽 1 𝑋 1 + 𝛽 2 𝑋 2 + 𝛽 11 𝑋 1 2 + 𝛽 22 𝑋 2 2 + 𝛽 12 𝑋 1 𝑋 2 (5.5) where Y is the response, βo is the constant, β1 and β2 are the coefficients of linear effects, β11 and β22 are the coefficients of quadratic effects, β12 is the coefficient of interaction effect, X1 and X2 are the independent factors.

The obtained models were statistically verified by evaluating coefficient of determination (R²), residual standard deviation (RSD), and analyze of variance (ANOVA) (regression p-value and lack of fit). The significance was considered as statistically significant when p-value was < 0.05.

Multi-objective optimization

Multi-optimization was employed to identify the best conditions for productivity and CGA recovery in terms of adsorption flow rate and pH. The objective function corresponded to the simultaneous maximization of productivity and recovery. The multi-objective problem was solved using the model equations and setting two criteria within the following constraints: maximal productivity and 80% recovery. The multilevel algorithm was built and analyzed using the MATLAB ® software from MathWorks (Natick, MA, USA). Generally, the optimization process was divided into several steps. First, an initial population representing a group of individuals (n = 2000) was generated.

Each individual corresponded to random of dynamic adsorption conditions (adsorption flow rate from 5 to 15 BV/h and pH from 2 to 5) varying by the algorithm. Process performance (dynamic binding capacity, productivity, and recovery) of each individual was calculated on the basis of the model equations. Then, the initial population was evaluated regarding their performances towards fixed criteria.

The dominant individuals participated subsequently in the production of a new generation and created solutions were one more time evaluated. Process was repeated until the set of non-dominant solutions was not established.

Antioxidant activity

DPPH radical scavenging activity

DPPH free radical scavenging activity was studied according to [START_REF] Zhu | Characterization and Free Radical Scavenging Activity of Rapeseed Meal Polysaccharides WPS-1 and APS-2[END_REF] with some modifications. One hundred µL of the samples at 40µg/mL were mixed with 100 µL of DPPH 0.2 mM solution, prepared in MeOH, into the wells of a microplate. Theses mixtures were shaken for 30 s and left 30 min in the dark at 25°C. Then, the absorbance was recorded at 517 nm. The inhibition percentage (%) of radical scavenging capacity was expressed as follows:

𝐷𝑃𝑃𝐻 𝑟𝑎𝑑𝑖𝑐𝑎𝑙 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 (%) = (𝐴 𝐷𝑃𝑃𝐻 -𝐴 𝑏𝑙𝑎𝑛𝑘 )-(𝐴 𝑠𝑎𝑚𝑝𝑙𝑒+𝐷𝑃𝑃𝐻 -𝐴 𝑠𝑎𝑚𝑝𝑙𝑒+𝑏𝑙𝑎𝑛𝑘 )

𝐴 𝐷𝑃𝑃𝐻 -𝐴 𝐵𝑙𝑎𝑛𝑘 100 (%) (5.6) where 𝐴 𝐷𝑃𝑃𝐻 is the absorbance of the DPPH solution, 𝐴 𝑏𝑙𝑎𝑛𝑘 is the absorbance of pure methanol, 𝐴 𝑠𝑎𝑚𝑝𝑙𝑒+𝐷𝑃𝑃𝐻 is the absorbance of DPPH with the sample, and 𝐴 𝑠𝑎𝑚𝑝𝑙𝑒+𝑏𝑙𝑎𝑛𝑘 is the absorbance of pure methanol with the sample.

ABTS + radical scavenging activity

ABTS + radical scavenging activity was determined using the method described by Re et al. [START_REF] Re | Antioxidant activity applying an improved ABTS radical cation decolorization assay[END_REF] with some modifications. ABTS+ was prepared by mixing 7 mM ABTS radical cation stock solution with 2.45 mM potassium persulfate in a 1:1 (v/v) ratio. This solution was kept in the dark at room temperature for 16 h and thereafter its absorbance at 734 nm was adjusted to 0.70 ± 0.02 by diluting it with a 90% (v/v) methanol/water. Samples were tested at the following concentrations: 200, 100, 50, 25, and 12.5 µg/mL. 20µL of each sample concentration were mixed with 180 µL of ABTS and incubated 5 min in the dark. Then, the absorbance at 734 nm was read. The following equation was used to calculate the percentage of decrease of the absorbance at 734 nm:

𝐴𝐵𝑇𝑆 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑 𝑟𝑎𝑡𝑒 (%) = 𝐴 𝐴𝐵𝑇𝑆 -𝐴 𝑠𝑎𝑚𝑝𝑙𝑒+𝐴𝐵𝑇𝑆 𝐴 𝐴𝐵𝑇𝑆 100 (%) (5.7) where 𝐴 𝐴𝐵𝑇𝑆 is the absorbance of ABTS alone and 𝐴 𝑠𝑎𝑚𝑝𝑙𝑒+𝐴𝐵𝑇𝑆 is the absorbance of ABTS+ in the presence of the sample.

The IC50 value (i.e. the antioxidant concentration showing 50% of maximum antioxidant capacity) was calculated by linear regression of the plot of scavenging activity versus sample concentration. Data are expressed as mean ± standard deviation (S.D), and all experiments were run in triplicate.

Cell culture and treatments

The THP-1 human monocytic leukemia cell line was a gift of Dr. E. Emilie (INSERM, Paris, France). THP-1 cells were cultured at 37°C under 5% CO2 in RPMI 1640 medium supplemented with 10% heat inactivated fetal calf serum, 100 U/mL penicillin, 100 µg/mL streptomycin, 10 mM HEPES, 2 mM L-glutamine, 1 mM sodium pyruvate, and 1x non-essential amino-acids. THP-1 cells, at a density of 0.8x10 6 cells/mL, were differentiated into macrophages with 20 nM of phorbol myristate acetate (PMA) in 24-wells plates. After 3 days, differentiated THP-1 cells were incubated for 24h with 100 ng/mL of LPS added one hour before or after chlorogenic acid standard (CGA) or CGA fraction. Two concentrations of CGA (50 and 100 µM) and two working concentrations of CGA fraction, corresponding to a content of 50 or 100 µM of CGA, were used. All chemicals were purchased from Sigma-Aldrich (St. Louis, Missouri, USA.

Cell viability

After 24 h of incubation with LPS and CGA, or LPS and CGA fractions, differentiated THP-1 cell viability was determined using the crystal violet assay. Briefly, cells were washed with phosphate buffer saline (PBS) and incubated with 0.1% crystal violet for 20 min at ambient temperature. Then, cells were carefully washed with PBS and lysed with 10% acetic acid for 20 min. Well contents were homogenized and analyzed by spectrophotometry at 595 nm with a multilabel counter (Wallac-1420, Perkin Elmer).

TNF- quantification

At the end of the 24h of incubation with LPS and CGA, or LPS and CGA fraction, cell culture supernatants were harvested in sterile conditions, centrifuged to remove dead cells, and stored at -80°C until analysis. TNF- concentrations were determined using the Human TNF-alpha Quantikine ELISA Kit (R&D Systems, BioTechne Brands, Rennes, France). Assays were performed according to the instructions of the manufacturer, in duplicate, and repeated three to five times. Plates were read at 450 nm with a multilabel counter (Wallac-1420, Perkin Elmer, USA).

Data analysis

For the response surface methodology, using the analysis of variance (ANOVA) given by MODDE 7.0, the statistical parameters, including the determination of coefficients (R²), regression pvalue, and lack of fit could be achieved. The mathematical models had criteria R² values close to 1. For antioxidant activity, the statistical analysis was performed using Rstudio (version 3.6.1) and t-tests.

Statistically significant differences were indicated by p value < 0.05. For anti-inflammation studies, six independent experiments were performed in triplicates. t-tests were used to identify statistically significant differences (p ≤ 0.05). In a previous study, the XAD7 macroporous resin was reported to be promising for phenolic compounds capture from an aqueous by-product yielded by a sunflower protein isolate process (Tuong Thi Le et al., 2020). In the present study, the dynamic adsorption of the phenolic fraction on XAD7 column from the same by-product was studied using the DoE methodology. The adsorption flow rate and the pH of liquid effluent on the resin dynamic binding capacity (DBC10), process productivity and recovery were considered. The adsorption flow rate was chosen because it is known to strongly impact dynamic adsorption (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF]. The effect of the pH was considered because it was reported to impact the adsorption of main sunflower phenolic compounds (i.e. chlorogenic acid, CGA) on macroporous resins (L. [START_REF] Sun | Simultaneous separation and purification of total polyphenols, chlorogenic acid and phlorizin from thinned young apples[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF]B. Zhang et al., 2008). Criteria like DBC and recovery are often included in column adsorption studies but process productivity is more rarely took into consideration whereas it is crucial for industrial applications. The chosen pH ranges from 2 to5 because above pH 5, CGA is known to be converted into its oxidized form (Albe [START_REF] Slabi | Multiobjective optimization of solid/liquid extraction of total sunflower proteins from cold press meal[END_REF]. The flow rate varied from 5 to 15 BV/h as recommended by the supplier. The results related to polyphenol amounts were expressed in CGA mass because this phenolic compound constitutes 1.13 ± 0.21% of the liquid by-product used in this study (Tuong Thi Le et al., 2020).

Results

The obtained mathematical models are shown in equations ( 8)-( 10). Regression parameters (unscaled and scaled), and statistical verification of model performances using the ANOVA test are presented in Table 5.1. The mathematical models were characterized by high indexes of regression coefficient between predicted and observed values (R² = 0.996 for dynamic binding capacity at 10% (DBC10), R² = 0.996 for productivity, and R² = 0.93 for recovery) (Figure 5.1). These models were also observed with low regression p-values (0.00 for dynamic binding capacity, 0.00 for productivity, and 0.007 for recovery) and insignificant lack of fit (0.28 for dynamic binding capacity, 0.22 for productivity, and 0.877 for recovery). The calculated and experimental plots are presented in Figure 5.1. These data suggested a high fitted and reliability of models for the prediction of the assessed process. where: X1 is the adsorption flow rate (BV/ h), and X2 is the pH of the permeate solution. [START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF]. However, it can be noticed that in this case, DBC10 is only increased by 41.5% at pH 2 when the flow rate is decreased from 15 to 5 BV/h while others observed an 80% increase when flow rate was decreased from 7 to 3 BV/h [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF]. Furthermore, DBC10 at pH 5 and 5 BV/h revealed close (70%) to maximal CGA binding capacity (Tuong Thi Le et al., 2020). Interestingly, kinetic study of batch CGA adsorption on XAD7 revealed that a strong intra-pore diffusional limitation was observed for only 10-15% of the total resin area. This could explain the mild effect of the flow rate on CGA DBC10 on XAD7.

A pH decrease clearly had a positive effect on DBC10 (increase from 11.28 mg/g to 44.47 mg/g when decreasing pH from 5 to 2 at 5 BV/h). This is consistent with other CGA adsorption studies from various sources (sweet potato leaves and sunflower meal) on other macroporous resins (XAD16, AB-8) (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF]. This can be explained by a strong reduction of polarity at pH < 4 due to the ionization of the carboxylic acid function of CGA quinic acid part (pKa = 3.95). This polarity reduction would improve the association constant with mild apolar resins like XAD7. Hence, most of the authors recommended to perform CGA adsorption at pH 2.

Figure 5.2B shows the impact of pH and flow rate on process productivity. The positive effect of pH decrease on productivity was expected. It results from the above observed increase in CGA affinity for XAD7. Most interestingly, the productivity was increased by 45.57% (from 0.086 to 0.158 mg/g/min) when the flow rate was increased from 5 to 15 BV/h. It indicates that highest adsorption velocity at high flow rate largely compensates lower binding capacity. To our knowledge, this has never been observed yet. It clearly shows that high flow rate should be recommended contrarily to other reports (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF].

CGA recovery is a crucial performance criterion for industrial applications. In this study, recovery represents the ratio of desorbed CGA after the adsorption process (using 100% ethanol) over the amount of injected CGA. Hence, this term lumps both CGA desorption yield and CGA loss during column washing prior desorption. Figure 5.2C shows the effect of adsorption pH and flow rate on recovery. Above pH 3.5, a positive effect of decreasing pH and flow rate was observed as with DBC10.

Below pH 3.5, a strong negative effect with no or few desorption flow rate can be noticed. To our knowledge, such a parabolic effect of adsorption pH on the recovery of a phenolic compound after desorption on macroporous resin has never been observed. The effect of the flow rate above pH 3.5 was also surprising because this condition should only impact criteria related to the adsorption.

As mentioned above, the effect of the pH and flow rate on CGA recovery seems strongly related to its dynamic adsorption. In these conditions, DBC10 remained rather low (between 6.13 and 14.67 mg/g, but mostly around 10 mg/g while the maximum DBC10 value was higher than 40 mg/g).

Hence, in this range of poor CGA adsorption, the CGA content in the mobile phase at the end of the adsorption step that was flushed by the washing step was not negligible and impacted the overall recovery. This probably explains the observed effect on CGA recovery. Obviously, it can be assumed that this bias had a poor impact at DBC10 values above 20 mg/g that were reached under pH 4.

The negative effect of pH under 3.5 was more puzzling. As explained above, in this pH range, the DBC10 value was high enough for neglecting CGA loss during the washing step. Hence, the recovery was only impacted by CGA desorption yield. We suggested that the increased CGA adsorption capacity in this pH condition was due to a predominance of its deionized form. We can therefore further hypothesize that the deionized form needs a less polar solvent than ethanol for full desorption.

In any cases, previous studies suggested to implement CGA adsorption at low pH (around 2)

and adsorption flow rate (less than 5 BV/h) (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF]. Our results indicate that this should be reassessed. We therefore used the mathematical models of the DoE regression tools to carry out a multicriteria optimization of the process.

Multi-objective optimization

In any cases, the best compromise between purity and recovery was observed with EtOH 50% (v/v) (76.05 ± 0.004%). In this set of conditions, the purity was better than reported by [START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF] and Liu et al. (B. Liu et al., 2016) (65.2% and 22.17% respectively at 60% and 40%

(v/v) ethanol) (P.-C. [START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF] CGA overall recovery was slightly lower though (71.38 ± 1.59%).

Weisz et al. [START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]) also showed slightly higher recovery (84.3%) using 50% (v/v) 2propanol elution. But these three studies reported flow rates that are far from those recommended by the manufacturers for industrial applications and used in this study (i.e. 2BV/h vs 15BV/h). This most probably explains the observed discrepancies. minutes. Hence, the largest part of the UV signal at 325 nm (80.69%) was CGA and 5-CQA was the major component (76.05%). To our knowledge, such characterization of CGA fraction has never been reported. Obviously, CGA fraction differed from the standard and is composed of unidentified minor components that could interfere with its reported bioactivity. Hence, the antioxidant effect of the fraction was compared to CGA standard reference and vitamin C. To evaluate the scavenging potential of the CGA fraction by comparison to pure CGA and vitamin C at the same concentrations, DPPH and ABTS assays were conducted [START_REF] Brand-Williams | Use of a free radical method to evaluate antioxidant activity[END_REF][START_REF] Chen | Antioxidant properties of polyphenols extracted from green and black teas[END_REF]. As shown in Figure 5.4, the scavenging potential of all samples gradually increased with concentration, regardless of the method used. At the highest concentration (20 µg/mL), CGA fraction and pure CGA had the same scavenging activity, as revealed by the DPPH assay (83.01 ± 0.16% and 82.36 ± 0.38%), and their antioxidant activity was 1.2 times higher than vitamin C.

In vitro antioxidant activity

Besides, Figure 5.4B shows that the ABTS+ inhibition rate of the CGA fraction, pure CGA, and vitamin C at 20 µg/mL were 41.32 ± 0.12, 45.81 ± 0.06, and 25.85 ± 0.13%, respectively. The antioxidant activity of vitamin C, as determined using the ABTS assay, was weaker than that of the CGA fraction and pure CGA (1.60-1.78 times lower). Furthermore, as shown in Table 5.4, very interestingly, vitamin C IC50 values were always higher than those obtained using the CGA fraction or pure CGA thereby showing that the order of antioxidant capacity was: pure CGA ≥ CGA fraction > vitamin C (p < 0.05).

The antioxidant properties of our fraction is therefore much higher than the one of vitamin C which is frequently used as reference in the literature.

As shown in Table 5.3, the fraction used in antioxidant tests contained 76% of CGA. In both assays, this fraction and pure CGA showed a similar antioxidant activity. This observation indicates that CGA strongly contributed to radical scavenging activity in the CGA fraction. This activity is related to structure characteristics such as the number of hydroxyl groups (-OHs), and electron-donating activity [START_REF] Montoro | Structure-antioxidant activity relationships of flavonoids isolated from different plant species[END_REF]. As shown in Figure 5.5A, CGA is formed by an ester bond between caffeic acid and quinic acid. According to [START_REF] Natella | Benzoic and Cinnamic Acid Derivatives as Antioxidants: Structure-Activity Relation[END_REF], the number of hydroxyl groups on phenolic acids contributes as positive moieties to their antioxidant effects. These authors found that the antioxidant activity depends of the number of hydroxyl groups with the following priority: tri-hydroxyl phenolic acids > di-hydroxyl phenolic acids (catechol group) > mono-hydroxyl phenolic acids. The presence of two hydroxyl groups (catechol group) in the caffeic acid part of CGA agrees with this rule and contributes to explain its strong antioxidant activity.

Cytotoxicity and anti-inflammatory activity of the CGA fraction

THP-1 cells differentiated into macrophages were used to analyze the effects of the CGA fraction on cell viability and LPS-induced pro-inflammatory response. Chlorogenic acid was used as reference in these experiments because it is the major compound found in this fraction (see Table 5.3).

Two conditions were used to mimic two different cellular states. First condition consisted in preincubating differentiated THP-1 cells with 100 ng/mL of LPS to induce a pro-inflammatory state and, one hour later, to add the CGA fraction at working concentrations corresponding to 50 or 100 µM of CGA. The purpose of this approach was to determine if this fraction was able to counter the LPSinduced pro-inflammatory response. The second condition was the opposite, it consisted in incubating THP-1 cells with the CGA fraction, to potentially promote an anti-inflammatory cellular state, and one hour later to add 100 ng/mL of LPS. In both cases, cell viability and TNF- production, a major proinflammatory cytokine, were analyzed after 24 h of treatment. Two concentrations (50 and 100 µM) of pure chlorogenic acid used as references and two working concentrations of the fraction corresponding to a content of 50 or 100 µM of CGA (CGA50 fr and CGA100 fr) were used.

Differentiated THP-1 cells were incubated for 24h either with these products alone or with 100 ng/mL of LPS added one hour before or after the addition of pure CGA or CGA fraction. Then, cell viability was analyzed by crystal violet assay and optical density (O.D.) was measured at 595 nm. Data are presented as mean ± S.D. This figure is representative of six independent experiments realized in triplicates. "Control" corresponds to a culture in which no product was added. "LPS+CGA50" indicates that LPS was added before CGA at the concentration of 50 µM while "CGA50+LPS' indicates that CGA at the concentration of 50 µM was added before LPS.

As shown in Figure 5.5B, whatever the treatment, no alteration of cell viability was detected using the crystal violet assay. Pure CGA and the CGA fraction, at the two tested concentrations, had no impact on cell viability (cell viability > 97%). Thus, impurities remaining in the fraction did not affect cell viability. Consequently, these experimental settings and concentrations were used to evaluate the production of TNF- by THP-1 macrophages.

5.3.3.2.

Anti-inflammatory activity of the CGA fraction As shown in Figure 5.6, pure CGA and the CGA fraction had no pro-inflammatory effects when added alone on THP-1 cells differentiated in macrophages. The fact that the CGA fraction is neither cytotoxic nor pro-inflammatory on its own is interesting in term of future potential biomedical valorization. When LPS was added, as expected, a strong increase of TNF- secretion was observed (indicated by "a" in Figure 5.6). Furthermore, and very interestingly, we noted that when pretreated with CGA or the CGA fraction at 100 µM, cells produced less TNF- in response to LPS by comparison to cells receiving only LPS (statistically significant reductions of 20 and 22%, respectively indicated by "c" and "d" in Figure 5.6). This means that pure CGA and the CGA fraction at 100 µM are able to induce an anti-inflammatory state in THP-1 cells differentiated in macrophages and that impurities remaining in the CGA fraction did not affect this capacity. This effect was not observed when pure CGA or the CGA fraction at 100 µM was added one hour after LPS indicating that if the proinflammatory process is initiated, CGA or the CGA fraction is unable to counter this phenomenon.

These results show that a fraction obtained from a low value industrial liquid effluent possesses preventive functions against inflammation thereby potentially allowing its valorization as a food complement in the biomedical (human and/or veterinary) field. Indeed, intensive breeding is a source of stress leading to an increase of inflammation that affects health and well-being thereby impacting products quality [START_REF] Gessner | Potential of plant polyphenols to combat oxidative stress and inflammatory processes in farm animals[END_REF][START_REF] Liehr | Olive oil bioactives protect pigs against experimentally-induced chronic inflammation independently of alterations in gut microbiota[END_REF]. Acute and chronic stress, two characteristics of our actual life style, also induce inflammation [START_REF] Godbout | Stress-induced immune dysregulation: Implications for wound healing, infectious disease and cancer[END_REF]. Thus, the properties of this fraction could be of interest for humans (F. [START_REF] Cardona | Benefits of polyphenols on gut microbiota and implications in human health[END_REF][START_REF] Marín | Bioavailability of dietary polyphenols and gut microbiota metabolism: Antimicrobial properties[END_REF].

Indeed, macrophages are part of the first line of defense against infection and/or tissue injury, and are key actors of the inflammatory process through the production of various mediators such as the proinflammatory cytokine TNF-. Thus, phenolic compounds reducing TNF- production are promising agents to moderate inflammation. Of course, this effect will have to be confirmed in in vivo studies using stress murine models.

Conclusions

the effect of pH was investigated in this study. In the literature, the criteria like DBC and recovery were widely studied in column adsorption studies (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Yang | Identification and Determination of Phenolic Compounds in Rapeseed Meals (Brassica napus L.)[END_REF]. However, the process productivity, a crucial characteristic for industrial application, was not considered. The chosen pH ranges from 2 to 5 because of above pH 5, the phenolic compounds in liquid effluent can be converted into its oxidized form [START_REF] Smyk | Spectroscopic investigation of the equilibria of the ionic forms of sinapic acid[END_REF]. As recommended from the provider, the flow rate varied from 5 to 15 BV/ h was investigated in this study. The results involved in phenolic compounds quantity or total phenolic content (TPC) were expressed in mg sinapic acid equivalent (mgSAE) because this is phenolic compounds consisted in the liquid effluent used in this work (Le, et al., 2021). We used TPC adsorption capacity as a criterion to determine the optimal condition of column adsorption because there were several phenolic compounds represented in RSM protein isolate by-product besides sinapine (main phenolic compound) such as sinapoyl glucose, 1,2di-sinapoyl gentiobise, and sinapic acid (Le, et al., 2021).

The obtained mathematical models are expressed in equation (S5.1-3 The mathematical models were characterized by the indexes of regression coefficient between A pH decrease showed slightly effect on DBC10 (increase from 41.61 mgSAE/g to 43.88 mg SAE/g when increasing pH from 2 to 5 at 5BV/h; decrease from 20.51 mgSAE/g to 18.86 mgSAE/ g when increasing pH from 2 to 5 at 15BV/h). As shown in Figure S5.2, the maximal dynamic binding capacity (DBC10) was found at pH ranging from 4.5-5 or 2-2.5. These results can be explained by the stability of phenolic compounds presented in RSM in these pH ranges. At pH from 2-2.5, the highest DBC10 was observed that agreed with chlorogenic acid adsorption onto XAD16 [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF] or XAD7 (Le, et al., 2021;Le, et al., 2021) resin from sunflower meal. In those cases, the authors recommended performing chlorogenic acid adsorption at about pH 2 (Le, et al., 2021;[START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF]Xi et al., 2015, p. 201).

Figure S5.2B illustrates the effect of pH and flow rate on process productivity. Interestingly, the pH at 2-5 did not influence productivity. The minimal productivity was observed at 5 BV/h adsorption flow rate (ranged from 0.04-0.05 mg/g/min) at the pH ranged 2-5. The process productivity was increased by 34.78% (from 0.044 to 0.065 mgSAE/g/min) when the flow rate was increased from 5 to 15 BV/h. This result suggests the highest adsorption velocity at a high flow rate widely contributes for lower binding capacity. Obviously, the high flow rate should be recommended contrarily to other reports (P.-C. [START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF]Xi et al., 2015, p. 20). Surprisingly, the productivity obtained the maximum value (about 0.07 mg/g/min) when the adsorption flow rate was about 11-13

BV/h and pH range from 2 to 5. These results suggested that at these adsorption flow rate values, the phenolic compounds had a sufficient contact time requiring their diffusion into the resin pores. However, as the adsorption flow rate increased to 15BV/h, the productivity slightly decreased (0.05-0.06 mg/g/min). This phenomenon can explain that at a too high adsorption flow rate (15 BV/h), the adsorption of phenolic compounds onto XAD16 resin would be incomplete. Interestingly, this finding was not observed with CGA from SFM on XAD7 resin. This difference in productivity process might come from different starting material and adsorbant. Indeed, there are various phenolic compounds in RSM with different polarities (Le, et al., 2021). Besides, in SFM, we observed only CGA with a minor quantity of CGA isomers (Tuong Thi Le et al., 2020).

TPC recovery is a vital criterion for industrial scale-up. In current work, recovery of phenolic compounds presents the ratio of desorbed TPC after the adsorption process with absolute ethanol as an elute solution over the amount of charged TPC. This process was combined the TPC desorption yield and TPC desorbed during column washing in the previous step. Figure 2C proved that pH did not affect the recovery of TPC. In contrast, the adsorption flow rate had a strong effect on these responses. As the flow rate increased, the recovery obtained a maximal value (74.83-86.15%) at a flow rate around 11 to 15 BV/h.

According to MATLAB programming, the maximal values of the productivity (0.069 mg/g/min) and recovery yield of TPC (62.69%) were observed under the conditions of adsorption flow rate at 13.3 BV/h and pH in the investigated range (2)(3)(4)(5). In this study, we set the pH at 2 for further studies. To the best of our knowledge, the effect of pH on TPC from rapeseed meal adsorption has never been observed yet. Our previous study showed that pH strongly impacted the adsorption of chlorogenic acid on XAD7 (Le, et al., 2021). We observed the flow rate impacted on DBC10 and the process productivity of chlorogenic acid adsorption (Le, et al., 2021). In that study, the optimal flow rate for chlorogenic acid purification was 15 BV/h (Le, et al., 2021). However, in most cases, the previous works recommended conducting phenolic compounds at a low adsorption flow rate (under 5 BV/h) (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF]. Our findings demonstrate that this should be reconsidered. Thus, in this study, we used the mathematical models of the DoE regression method to perform a multicriteria optimization of the process. This step allows defining the optimal conditions for the phenolic compounds purification process. The polynomial equations of models were used to determine the most suitable conditions for phenolic purification. The optimization aimed to maximize both criteria, which are productivity and recovery. These models were verified based on the results obtained from response surface analysis.

Multi-objective optimization

According to these findings above, The optimal adsorption flow rate was 13.3 BV/h, and at pH range 2-5 (in this study, we used pH 2). The accuracy of models to predict the process performance in the selected conditions was verified by comparing the predicted and experimental values. Table 4 presented all the results of model validation. Under these optimal conditions, the predicted productivity and recovery were 0.069 (mg/g/min) and 62.69 (%), respectively. The validation was conducted under these conditions, obtaining the value of productivity and recovery were 0.06 ± 0.0002 (mg/g/min) and 67.88 ± 3.45%, respectively, as listed in Table S5.2. These results confirmed that these models were adequate and accurate for this study. Hence, the adsorption flow rate of 13.3 BV/h and the pH value of 2 were selected as optimal conditions for the dynamic adsorption process. These results were consistent with the finding of our previous study regarding the adsorption of chlorogenic acid on XAD7, that the optimal condition for dynamic adsorption should be conducted at a high flow rate (Le, et al., 2021).

Dynamic desorption step

The last criterion to combine for optimization of adsorption is the purity of the phenolic fraction after desorption. This criterion depends on the desorption conditions, such as the composition of an eluent. Hence, the appropriate elute concentration had to be assessed and selected after optimization of dynamic adsorption. Ethanol has widely used in the desorption process because of being low-cost, non-toxic, and eco-friendly. Thus, ethanol was selected to be an eluent in this study. In our previous study, ethanol with a concentration ranging from 30-90% (v/v) affected the purity and recovery of chlorogenic acid (Le, et al., 2021). In this study, the same conditions of ethanol was applied in the desorption step.

Desorption flow rate fixed at 120 BV/h as recommended by the provider with 40 BV after washing the column with 20 BV by deionized water. Preliminary experiments showed that ethanol concentration at 30% (v/v), the highest purity and recovery of TPC observed in permeate solution.

These results also agreed with the static desorption study in the previous report (Le, et al., 2021).

XAD16 resin was preferred the higher ethanol concentration for the desorption process (Moreno- González et al., 2020). After the desorption process, the purity of TPC in the desorption fraction (N fraction) was 20.68 ± 1.94%. The recovery of TPC was 76.90 ± 4.24%. This fraction was used to investigate the biological activities, including antioxidant and anti-inflammatory properties in this study. ). This observation can be explained that sinapine is a main phenolic compound in the N fraction (Le, et al., 2021). Surprisingly, at the highest concentration (20µg/mL), pure sinapine and vitamin C showed slightly higher than N fraction (68% and 58% of scavenging activity, respectively, Figure S5.3A). Table S5.3 showed the IC50 value of N fraction and vitamin C were 10.05 µg/mL and 7.27 µg/mL, respectively. Therefore, by this test, the phenolic fraction had slightly weaker than vitamin C. The presented different phenolic compounds might explain this phenomenon in the N fraction (Le, et al., 2021). Thus, phenolic fractions did not affect cell viability up to a concentration of 100µM (of SP in N fraction).

In vitro antioxidant activity

Notably, the "impurities" present in these two fractions did not affect cell viability. Moreover, no phenolic components in obtained fraction showed cytotoxicity. The results suggested that phenolic compounds in rapeseed meal after purification have no cytotoxicity at a concentration ranging from 50 to 100µM of SP in N fraction. This finding also was in agreement with the chlorogenic fraction in sunflower meal in our previous study (Le, et al., 2021). Based on this result, these concentrations of pure SP and SP in N fraction (at 50 and 100µM) were used to analyzed the production level of TNF-α by THP-1 macrophage. Second, we investigated the phenolic fraction effect on LPS-induced TNF-α production in THP-1 macrophages. The preliminary results showed that N phenolic fraction had non-cytotoxicity.

Thus, this phenolic fraction was used to test the potential anti-inflammatory effect.

As shown in Figure S5.5, when all sample solutions were treated with LPS, the TNF-α production increased dramatically (indicated by "a" in Figure S5.5) as expected. Surprisingly, we noted that this fraction at 50/ 100 µM of SP concentration treated with LPS alone produced more TNF-α in response to LPS by comparison with cells treated with LPS only (statistically significant increase of 29, 12, and 24% indicated by "b", "c", and "d" in Figure S5.5, respectively). These results suggested that the N fraction had pro-inflammatory effects on THP-1 differentiated cells (Figure S5.5). This effect was also observed when pure sinapine (SP) at 50µM added one hour before/ after LPS but slightly inhibited the TNF-α production (about 6%) when treated with pure SP at 100µM. This phenomenon can be explained that the impurities in the N fraction might cause the pro-inflammatory effect. In the past, Satu Vuorela et al. [START_REF] Vuorela | Preclinical Evaluation of Rapeseed, Raspberry, and Pine Bark Phenolics for Health Related Effects[END_REF] also reported that rapeseed phenolic extracted had no anti-inflammatory effect after hydrolyzed with ferulic acid esterase (sinapic acid, in this case, proportioned 64%). Hence, the conclusion in this study was consistent with the previous report [START_REF] Vuorela | Preclinical Evaluation of Rapeseed, Raspberry, and Pine Bark Phenolics for Health Related Effects[END_REF].

Conclusions

In this study, an effective method for purifying phenolic compounds by XAD16 resin from byproduct protein isolate from rapeseed meal was established using the design of experiments (DoE).

High productivity and recovery can be observed with the adsorption flow rate of 13.3 BV/h and at pH ranging from 2 to 5. The high purity and recovery of phenolic compound in the by-product protein isolation/ purification was found in the case of desorption with ethanol concentration at 30% (v/v).

Phenolic fraction showed a higher antioxidant capacity than vitamin C in ABTS assay (IC50/phenolic N fraction < IC50 vitamin C, p < 0.05). Phenolic fraction after desorption process did not show the cell cytotoxicity on THP-1 macrophages. Furthermore, this phenolic fraction did not affect antiinflammatory through inhibition of the TNF-α production in LPS-induced macrophages. This study can provide useful information concerning searching for natural antioxidants that can use in the food domain.

Conclusion for chapter 5

The main objective of this chapter was to establish an effective way to separate and purify CGA and sinapine from sunflower and rapeseed proteins isolate process. Optimal conditions were determined based on the response surface methodology for enrichment of phenolic compounds from SFM and RSM. The obtained conditions successfully generated enough product to evaluate its antioxidant and anti-inflammatory properties. CGA and sinapine fractions showed a good radical scavenging activities and more powerful than vitamin C. These antioxidant properties of CGA and sinapine fraction could be used in the food antioxidant application. CGA and sinapine fraction showed no cytotoxicity on a human macrophage cell line. Interestingly, the CGA fraction exhibited an antiinflammatory property via inhibition the LPS-induced TNF-α production. In view of these results, we therefore propose valorizing this abundant effluent to produce a natural antioxidant and antiinflammatory agent.

Note: Kindly note that the term: "Vitamin C" using in this thesis was ascorbic acid.

Chapter 6.

Effect of hydrolysis on capture of phenolic compounds from rapeseed and assessment their antioxidant

Introduction

We previously introduced in the chapter 5 that rapeseed phenolic compounds are mainly composed of sinapic acid esters. Sinapic acid is a hydroxycinnamic acid widespread in plants [START_REF] Nićiforović | Sinapic acid and its derivatives: Natural sources and bioactivity[END_REF]. The most aboudant rapeseed phenolic compound is an ester of sinapic acid and choline called sinapine [START_REF] Bell | Factors affecting the nutritional value of canola meal: A review[END_REF][START_REF] Kozlowska | Phenolic acids in oilseed flours[END_REF]. Other hydrophilic non phenolic part may be associated to sinapic acid like glucose-based osides (like sinapoyl glucose) associated. Rapeseed also contain minor phenolic compounds like free sinapic acid [START_REF] Naczk | Current research developments on polyphenolics of rapeseed/canola: A review[END_REF][START_REF] Siger | Identification and antioxidant activity of sinapic acid derivatives in Brassica napus L. seed meal extracts: Main phenolic compounds in rapeseed[END_REF]. These phenolic compounds are extractible using mild polar solvents like ethanol, isopropanol or methanol [START_REF] Engels | Sinapic acid derivatives in defatted Oriental mustard (Brassica juncea L.) seed meal extracts using UHPLC-DAD-ESI-MS n and identification of compounds with antibacterial activity[END_REF]. A previous study showed that rapeseed phenolic compounds possessed interesting antioxidant effects (U. N. [START_REF] Wanasundara | Partial characterization of natural antioxidants in canola meal[END_REF]. However, other authors reported a weak antioxidant effect of sinapine [START_REF] Krygier | Free, esterified, and insoluble-bound phenolic acids. 1. Extraction and purification procedure[END_REF][START_REF] Thiyam | Antioxidant activity of rapeseed phenolics and their interactions with tocopherols during lipid oxidation[END_REF].

Interestingly, the antioxidant capacity of rapeseed phenolic extracts was reported to by higher after acid or basic treatment (Siger et al., 2013, p. 20;[START_REF] Thiel | A novel integrated downstream processing approach to recover sinapic acid, phytic acid and proteins from rapeseed meal: A novel downstream processing approach for rapeseed meal[END_REF]. These observations suggest that sinapic acid would be far more antioxidant than its esters but there is a lack of comparative data on that point.

The previous study was focused on rapeseed phenolic capture from an aqueous extract (Moreno- González et al., 2020). Therefore, in this chapter, we presented the adsorption of phenolic compounds with non-hydrolyzed and hydrolyzed permate onto different resins such as XAD4, XAD7, XAD16, XAD1180, and HP20 resins and assess their antioxidant properties. The approach scientific is illustrated in Figure 6.1. First, we produced the rapeseed permate. Then, this permeate was hydrolyzed by acidic method for further studies. In this study, we used chemical (acid) hydrolyse since this method was one of the effective method in increasing the release rate of free phenolic acids [START_REF] Siger | Identification and antioxidant activity of sinapic acid derivatives in Brassica napus L. seed meal extracts: Main phenolic compounds in rapeseed[END_REF].

Therefore, the acidic hydrolysis of this permeate allowed the efficient conversion of sinapine into sinapic acid. In addition, the stability of phenolic acids should be considered during hydrolyzed reaction.

According to study of A. Siger et al. [START_REF] Siger | Identification and antioxidant activity of sinapic acid derivatives in Brassica napus L. seed meal extracts: Main phenolic compounds in rapeseed[END_REF], acidic hydrolysis exhibited the highest recovery of free phenolic acids in comparison with basic method. Finally, the batch adsorption and desorption allowed to obtain phenolic fractions for antioxidant tests.

The purposes of this chapter were therefore to investigate the capture of phenolic compounds from a rapeseed protein isolate by-product obtained by ultrafiltration with or without acidic treatment and to assess their antioxidant activities compared to market references. Phenolic compounds in the aqueous by-product after and before acidic hydrolysis were identified by LC-MS. Five macroporous resins as used in chapter 4 were screened for phenolic compounds capture. Adsorption kinetics and isotherms were studied in order to elucidate phenolic compounds adsorption mechanisms with the more efficient resin. Desorption by ethanol/water mixtures was investigated and obtained purity considered to choose the most appropriate eluent for phenolic compounds capture from this effluent. Finally, the antioxidant activity of the phenolic fractions obtained after desorption was assessed and compared to sinapine, sinapic acid, and vitamin C standards. The last section of this chapter, we presented the supporting information regarding the antiinflammatory property of non-hydrolyzed and hydrolyzed phenolic fraction.
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Identification and capture of phenolic compounds from a rapeseed meal protein isolate production process by-product by macroporous resin and valorization their antioxidant properties Tuong Thi Le 

Abstract

In this study, phenolic compounds from an aqueous protein by-product from rapeseed meal (RSM) were identified by HPLC-DAD and HPLC-ESI-MS, including sinapine, sinapic acid, sin-apoyl glucose, and 1,2-di-sinapoyl gentibiose. The main phenolic compound in this by-product was sinapine.

Introduction

Rapeseed (Brassica napus L.) is an oilseed cultivated worldwide, particularly in Europe and China (11.684 and 11.760 tons/year, respectively) (FAOSTAT, 2020a). This resource shows content of phenolic compounds as high as 1.705g of sinapic acid equivalent (SAE)/ 100g of dry matter [START_REF] Lomascolo | Rapeseed and sunflower meal: A review on biotechnology status and challenges[END_REF]. Naczk et al. found that the proportion of rapeseed polar phenolic compounds was ten times higher than other oilseeds [START_REF] Naczk | Current research developments on polyphenolics of rapeseed/canola: A review[END_REF]. Rapeseed phenolic compounds are mainly composed of sinapic acid esters. Sinapic acid is a hydroxycinnamic acid widespread in plants [START_REF] Nićiforović | Sinapic acid and its derivatives: Natural sources and bioactivity[END_REF]. The most aboudant rapeseed phenolic compound is an ester of sinapic acid and choline called sinapine [START_REF] Bell | Factors affecting the nutritional value of canola meal: A review[END_REF][START_REF] Kozlowska | Phenolic acids in oilseed flours[END_REF]. Other hydrophilic non phenolic part may be associated to sinapic acid like glucose-based osides (like sinapoyl glucose) associated or not with keampferol (like kaempferol-sinapoyl-trihexoside) [START_REF] Engels | Sinapic acid derivatives in defatted Oriental mustard (Brassica juncea L.) seed meal extracts using UHPLC-DAD-ESI-MS n and identification of compounds with antibacterial activity[END_REF][START_REF] Khattab | Determination of Sinapic Acid Derivatives in Canola Extracts Using High-Performance Liquid Chromatography[END_REF][START_REF] Thiyam | Antioxidant activity of rapeseed phenolics and their interactions with tocopherols during lipid oxidation[END_REF]. Rapeseed also contain minor phenolic compounds like free sinapic acid, ferulic acid, vanillic acid or syringic acid [START_REF] Naczk | Current research developments on polyphenolics of rapeseed/canola: A review[END_REF][START_REF] Siger | Identification and antioxidant activity of sinapic acid derivatives in Brassica napus L. seed meal extracts: Main phenolic compounds in rapeseed[END_REF]. These phenolic compounds are extractible using mild polar solvents like ethanol, isopropanol or methanol [START_REF] Engels | Sinapic acid derivatives in defatted Oriental mustard (Brassica juncea L.) seed meal extracts using UHPLC-DAD-ESI-MS n and identification of compounds with antibacterial activity[END_REF]. A previous study showed that rapeseed phenolic compounds possessed interesting antioxidant effects (U. [START_REF] Wanasundara | Isolation and Identification of an Antioxidative Component in Canola Meal[END_REF]. However, other authors reported a weak antioxidant effect of sinapine (Vuolera et al., 2003). Interestingly, the antioxidant capacity of rapeseed phenolic extracts was reported to by higher after acid or basic treatment (Siger et al., 2013, p. 20;[START_REF] Thiel | A novel integrated downstream processing approach to recover sinapic acid, phytic acid and proteins from rapeseed meal: A novel downstream processing approach for rapeseed meal[END_REF]. These observations suggest that sinapic acid would be far more antioxidant than its esters but there is a lack of comparative data on that point.

Rapeseed meal is the main by-product of oil industrial extraction processes. Its annual production reached 70 million tons in 2019 (FAOSTAT, 2020a). Rapeseed meal contains around 30% protein, 16% carbohydrates, and 3% of phenolic compounds [START_REF] Nadathur | Sustainable protein sources[END_REF]. The phenolic fraction is composed of polar phenolic compounds, sinapic acid esters (61-70% sinapine, 14-27% SG)

and sinapic acid (7-10% SA) [START_REF] Thiyam-Holländer | Canola and Rapeseed: Production, Processing, Food Quality, and Nutrition[END_REF]. To date, rapeseed meal is used for animal nutrition [START_REF] Downey | New Developments in Canola Research[END_REF]. Many reports showed the possibility to use it as a resource for protein isolate production [START_REF] Quinn | Sinapinic and protocatechuic acids found in rapeseed: Isolation, characterisation and potential benefits for human health as functional food ingredients[END_REF]. Protein isolates are protein-based products with a high protein content (>90% on a dry mater basis) used in human nutrition [START_REF] Tzeng | Production of Canola Protein Materials by Alkaline Extraction, Precipitation, and Membrane Processing[END_REF]. Rapeseed protein isolate production is classically based on a solid liquid extraction using aqueous solvents (modulated by pH and ionic strength), a clarification step and a protein purification step. The purification is most often achieved either by tangential filtration or isoelectric precipitation [START_REF] Defaix | A new sizeexclusion chromatography method for fast rapeseed albumin and globulin quantification[END_REF]. Polar phenolic compounds are extracted with proteins during the extraction step and parted from proteins during the protein purification step. At the end of the purification process, phenolic compounds are in an aqueous by-product alongside with soluble low molar weight osides, minerals and non-protein nitrogen containing molecules. The valorization of this by-product is of a crucial importance for industrial viability of rapeseed protein isolate production. The capture of phenolic compounds could be an interesting valorization strategy.

Macroporous resins are particularly promising for phenolic compounds capture from plant extracts (Moreno- González et al., 2020;[START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF]. Indeed, it can be easily scaled up and some resins are food grade [START_REF] Scordino | Adsorption of Flavonoids on Resins: Hesperidin[END_REF]. The separation with adsorption resins is based on differential affinity between phenolic compounds, impurities and the adsorbent (P.-C. [START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF].

The process is also impacted by complex transport phenomenon (diffusive and convective transport in the liquid phase, diffusive transport from the liquid phase to the solid adsorbant throughout a limit layer and diffusive transport inside the adsorbant pores) [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF]Tuong Thi Le et al., 2020).

Some study reports the adsorption of rapeseed phenolic compounds on macroporous resins. Most of them used solvent extracts from seeds or meals [START_REF] Khattab | Determination of Sinapic Acid Derivatives in Canola Extracts Using High-Performance Liquid Chromatography[END_REF][START_REF] Siger | Identification and antioxidant activity of sinapic acid derivatives in Brassica napus L. seed meal extracts: Main phenolic compounds in rapeseed[END_REF].

A recent study was focused on rapeseed phenolic capture from an aqueous extract (Moreno- González et al., 2020). However, the transport mechanism were not investigated. Furthermore there is a lack of comparative data concerning the adsorption of rapeseed phenolic compounds with and without hydrolysis (i.e esterified sinapic acid and free sinapic acid) and their antioxidant activities.

The aim of this work was therefore to investigate the capture of phenolic compounds from a rapeseed protein isolate by-product obtained by ultrafiltration with or without acidic treatment and to assess their antioxidant activities compared to market references. Phenolic compounds in the aqueous by-product after and before acidic hydrolysis were identified by LC-MS. Five macroporous resins having various properties were screened for phenolic compounds capture. Adsorption kinetics and isotherms were studied in order to elucidate phenolic compounds adsorption mechanisms with the more efficient resin. Desorption by ethanol/water mixtures was investigated and obtained purity considered to choose the most appropriate eluent for phenolic compounds capture from this effluent. Finally, the antioxidant activity of the phenolic fractions obtained after desorption was assessed and compared to sinapine, sinapic acid, and vitamin C standards. respectively. Only 15.72% of the phenolic compounds remained unidentified. These observations also agreed with the report from Thiyam-Holländer et al. [START_REF] Thiyam-Holländer | Canola and Rapeseed: Production, Processing, Food Quality, and Nutrition[END_REF]. In their study, the de-oil rapeseed were extracted by distilled water with ratio 1:10 (w/v) for 10 min. The unidentified compounds were most probably other polar sinapic acid esters. SP was still present but at a low proportion (17.44%). So, this reaction duration was chosen for further study of phenolic compounds capture and bioactivity characterization.

A. [START_REF] Siger | Identification and antioxidant activity of sinapic acid derivatives in Brassica napus L. seed meal extracts: Main phenolic compounds in rapeseed[END_REF] found that the contents of sinapic acid after acidic hydrolysis of in two rapeseed extracts from two cultivars were 93.2 mg/100 g (cv. Visby) and 89.4 mg/100 g (cv.

Bellevue). The SA content observed in our study is slightly higher (135.18 mg/100 g). This could be due to a difference in starting material or to the solvent used for extraction. Indeed, these authors used methanol while we used an aqueqous solvent (NaCl 0.11 M at pH 2). This could also be due to a difference in hydrolysis step duration (during 20 min at 90°C).

Method validation

The validation of the SE-HPLC method was performed according to the International Conference on Harmonisation (ICH) of technical requirements for registration of pharmaceuticals for human use (Tietje & Brouder, 2010) recommendations. All experiments were conducted in triplicate.

The parameters such as LOD (limit of detection), LOQ (limit of quantification), and standard deviation (SD) values were determined and are summarized in Table 6.2 using pure standards such as sinapine and sinapic acid. As listed in Table 6.2, the LODs of sinapine and sinapic acid were 0.25 µg/mL. The LOQs of sinapine and sinapic acid were 0.6 µg/mL. These low values of LOD and LOQ demonstrated a high sensitivity of the developed SE-HPLC technical method. The linearity of calibration curves was constructed with three measurements for each calibration point ranging from 0.05 to 1.25 mg/mL. A strong linear correlation (R² > 0.99) between the concentration and the peak area was observed. Preliminary results

showed that the retention time and peak area were almost similar with intra-and inter-day standard deviation (SD) values less than 0.12 and 1.9 for the retention time and peak area, respectively. These results revealed the good performance of the developed analytical method for quantification of phenolic compounds such as sinapine and sinapic acid within the permeate with and without hydrolysis.

6.2.2.2.

Phenolic componds capture 6.2.2.2.1. Resin screening Figure 6.4 shows the adsorption capacity of total phenolic content (TPC), sinapine, and sinapic acid from permeate and hydrolyzed permeate on XAD4, XAD7, XAD16, XAD1180, and HP20 resins.

Table 7 displays resins properties. XAD4, XAD16, XAD1180, and HP20 are nonpolar resins made out of SDVB polymers. They differ by bead and pore size (50-300 Å). XAD7 is composed of acrylamide polymer which is considered as mild polar (Tuong Thi Le et al., 2020). All these resins were demonstrated to adsorb phenolic compounds from many different plant extracts (Dong et al., 2015b;[START_REF] Yang | [END_REF]. The adsorption of TPC from non-hydrolyzed permeate ranged from about 11 (for XAD4 and XAD7) to 12.5 mgSAE/g (for XAD16) of dry resins (Figure 6.4A). Interestingly, the adsorption of sinapine (main phenolic compound in non-hydrolyzed permeate) was similar to TPC, ranging from 11 (for XAD7) to 13.5 mg/g (for XAD16) of dry resin (Figure 6.4A). or with acidic hydrolysis (B) using XAD4, XAD16, XAD7, XAD1180, and HP20 resins.

Results are given in terms of total phenolic compounds and the main phenolic compound of the starting product (sinapine and sinapic acid without and with hydrolysis respectively).

Notably, XAD4 showed the lowest adsorption capacity of TPC (about 3.7 mgSAE/g of dry resin) and of sinapic acid (about 3.25 mg/g of dry resin) in hydrolyzed permeate (Figure 6.3B). On the other hand, XAD16 showed the highest adsorption capacity of TPC (4.1 mgSAE/g of dry resin) and of sinapic acid (3.9 mg/g of dry resin) (Figure 6.3B).

The adsorption capacity depends on molecule affinity toward the material and the specific surface (Z. [START_REF] Xu | Adsorption of naphthalene derivatives on hypercrosslinked polymeric adsorbents[END_REF]. This last parameter is conditioned by bead size and can be modulated by pore size if it limits the molecule inner accessibility (Tuong Thi Le et al., 2020). Pore ≤ 50 Å were shown to limit the diffusion of phenolic compounds into particle's pores by steric hindrance (Dong et al., 2015b;[START_REF] Xu | Adsorption of naphthalene derivatives on hypercrosslinked polymeric adsorbents[END_REF]. Among SDVB resins, XAD16 showed the highest specific area (900 m²/g) followed by XAD4, XAD1180, and HP20. Interestingly, this ranking corresponded to observed capacity values. This indicates that SDVB resin capacities were essentially governed by specific area.

It can be hypothesized that XAD4 low pore size (50 Å) did no yield additional diffusion limitation. The adsorption behavior of phenolic compounds in non-hydrolyzed and hydrolyzed permeates onto SDVB resins and mild polar resin (XAD7) had the same pattern. Probably, the interaction of sinapine (Figure 6.2) (a main phenolic compound in non-hydrolyzed permeate) and sinapic acid (a main phenolic (G, H) intra-particle diffusion model (in linearized forms) of SP and SA in non-hydrolyzed and hydrolyzed permeates, respectively.

Adsorption kinetics were regressed with pseudo-first-order (PFO, [START_REF] Lagergren | About the Theory of So-Called Adsorption of Soluble Substances[END_REF]) and pseudo-second-order (PSO, [START_REF] Ho | Kinetic Models for the Sorption of Dye from Aqueous Solution by Wood[END_REF]) equations in linearized form (Figure 6.5C -F). Table 6.3 summarizes the corresponding equations, model parameter values and R 2 of the linear regressions. The R 2 obtained with linearized PFO (ln(qe-qt) vs. t) was less than 0.94 for both sinapine and sinapic acid. Furthermore, the calculated qe for XAD16 (0.32 mg/g and 0.29 mg/g for sinapine and sinapic acid, respectively) was found very different from experimental values (13.52 and 3.86 for sinapine and sinapic acid, respectively). On the other hand, R 2 of the linear regression of the t/qt vs t plot was very close or equal to 1 (0.999 and 1). Moreover, the calculated qe (13.54 and 3.86 mg/g for sinapine and sinapic acid) predicted from PSO model was very near the experimental values of qe (13.53 and 3.86 mg/g for sinapine and sinapic acid). These results indicate that adsorption kinetics followed a PSO model for the XAD16 resin. This was also observed with adsorption of chlorogenic acid from byproduct proteins isolates on XAD16 resin (Tuong Thi Le et al., 2020).

Solute transport phenomena are complex in adsorption processes. In the liquid phase, solutes are transported by convection and diffusion. There is also a diffusive transport from the liquid phase to the bead surface (through a limit liquid film) and a diffusive transport inside the particle's pores.

Adsorption kinetics may be modulated by several diffusional types of transports. The intra-particle diffusion model [START_REF] Weber | Kinetics of adsorption on carbon from solution[END_REF] is commonly used to investigate the diffusive rate-controlling phenomenon [START_REF] Annadurai | Adsorption of acid dye from aqueous solution by chitin: Equilibrium studies[END_REF][START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF].

Figure 6.5G -H show qt vs t1/2 plots obtained with the XAD16 resin. These plots correspond to the linear form of the intra-particle diffusion model (Table 6.2). The slopes represent the constant rate (ki) of each adsorption step while Ci (intercept at y-axis) is related to the thickness of the limiting layer. R 2 , ki, and Ci values obtained from linear regressions are displayed in Table 6.3. Interestingly, k1 (0.103 and 0.09 (mg/g)/min 0.5 ) for sinapine and sinapic acid, respectively) are by far higher than k2 (approximately 0). These differences might come from the smaller molecular size of sinapic acid than sinapine. It can also be noticed that R² values for sinapine and sinapic acid are 0.9828 and 0.9639, respectively. This indicates that for both liquid effluents, the adsorption process is limited by two diffusional effects. In the previous study, the similar pattern was also observed with the adsorption of chlorogenic acid onto XAD16 resin (Tuong Thi Le et al., 2020). Very similar results were observed with the adsorption of alfalfa phenolic compounds on HP20 and AER1 resins [START_REF] Firdaous | Adsorptive removal of polyphenols from an alfalfa white proteins concentrate: Adsorbent screening, adsorption kinetics and equilibrium study[END_REF]. It was interpreted as a two steps adsorption process. The first one is related to the diffusional transport throughout the boundary layer at the liquid/beads interface. Its high rate constant (Ki,1 was 1.03 and 0.09 (mg/g)/min 0.5 ) for sinapine and sinapic acid, respectively) indicates a low diffusional limitation at this stage. The second one is due to intraparticle diffusion. The low rate constant (Ki,2 approximately equal to 0 for both liquid effluents) indicates a stronger diffusional limitation. Such observation and explanation were also made by others (Y. [START_REF] Chen | Adsorption properties of macroporous adsorbent resins for separation of anthocyanins from mulberry[END_REF]Dong et al., 2015b). [START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. Table 6.4 lists the R² of the regression, equations, and model parameters with sinapine and sinapic acid. R 2 values indicated that experimental data were better fitted by the Langmuir model (0.997 and 0.9999 for sinapine and sinapic acid, respectively) than by the Freundlich model (0.996 and 0.9978 for sinapine and sinapic acid, respectively). This indicated that the same adsorption mechanism took place in any cases. This consisted in a monolayer adsorption of phenolic compounds at the surface of the resin (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. These findings also are in agreement with another work on chlorogenic acid adsorption on XAD16 resin from sunflower meal (Tuong Thi Le et al., 2020). Moreover, this finding is consistent with that of Moreno-Gonzállez et al. (Moreno-González et al., 2020) about the adsorption of sinapic acid from canola/rapeseed meal using the FPX66 resin. The maximum adsorption capacity of sinapine and sinapic acid was 35.93 mg/g (0.12 mol/g) and 23.96 mg/g (0.11 mol/g) of dry resin, respectively (Table 6.4). The values obtained in this study suggest that the adsorption onto resin material implies interaction with the same part of the molecule (sinapine and sinapic acid) without the interference of the choline part (quaternary ammonium group, Figure 6.3).

Adsorption isotherms

This observation has never been published. Meanwhile, according to Moreno- González et al. (Moreno-González et al., 2020), the maximum adsorption capacity for sinapic acid was lower (about 15 mg/g or 0.07 mol/g) onto the non-polar (SDVB) FPX66 resin. The different values might be due to other organic compounds such as carbohydrates, amino acids, and proteins in raw materials. It might also be due to the impact of ionic strength. Moreover, the difference in physical characteristics also caused the difference in adsorption capacity. [START_REF] Thiel | New zeolite adsorbents for downstream processing of polyphenols from renewable resources[END_REF] investigated the adsorption of sinapic acid and other compounds onto zeolites and hydrophobic resins, including XAD16, the resin used in this study. These authors claimed that the adsorption capacity of sinapic acid was higher than the one presented here (44.5 mg/g or 0.20 mol/g of dry resin). However, these authors evaluated the experiments at different pH (pH 5) and used different starting materials; rapeseed meal extracted with heated deionized water at 70°C at a ratio of 1 : 8 (solid : liquid) that might explain the difference in these values.

Determinations of thermodynamic parameters

The effect of temperature on the adsorption capacity of phenolic compounds from the XAD16 resin in the two liquid effluents were investigated to obtain the thermodynamic parameters of adsorption.

Langmuir model parameters and R² are listed in Table 6.5. ∆H and ∆S were determined through the slope and intercept of ln KL against 1/T (Eq. 6.2,3) (Figure 6.7A-B) according to Van Hoff's equation.

Enthalpy changes (∆H) for sinapine and sinapic acid adsorption process on XAD16 resin were -2.56, and -2.72 kJ/mol, respectively (Table 6.5). Negative values indicate an exothermic adsorption process.

The fact that values were less than 43 kJ/mol demonstrates that the adsorption process of phenolic compounds on the XAD16 resin was governed by physical rather than chemical interactions (Q. [START_REF] Yang | Adsorption and desorption characteristics of adlay bran free phenolics on macroporous resins[END_REF]. This demonstrates that the XAD16 resin would not undergo structural changes during phenolic compounds' adsorption process. Therefore, adsorption of phenolic compounds on the resin only takes place through physical mechanism with no chemical reactions. This observation was also reported by Z. P. [START_REF] Gao | Adsorption isotherm, thermodynamics and kinetics studies of polyphenols separation from kiwifruit juice using adsorbent resin[END_REF] who studied the adsorption of polyphenols from kiwifruit juice using AB-8 resin [START_REF] Guo | Purification of polyphenols from kiwi fruit peel extracts using macroporous resins and high-performance liquid chromatography analysis[END_REF]. In addition, the entropy changes (∆S) values of XAD16 were -55.95 and -8.37 kJ/molK for sinapine and sinapic acid, respectively. These negative values suggest a random adsorption process at the solid-liquid interface [START_REF] Gupta | Equilibrium Uptake, Sorption Dynamics, Process Development, and Column Operations for the Removal of Copper and Nickel from Aqueous Solution and Wastewater Using Activated Slag, a Low-Cost Adsorbent[END_REF] which happened owing to the desorption process of water molecules previously adsorbed onto the resins' surface (Z. P. [START_REF] Gao | Adsorption isotherm, thermodynamics and kinetics studies of polyphenols separation from kiwifruit juice using adsorbent resin[END_REF]. The negative free energy change (∆G) deduced from ∆H and ∆S (Table 6.4) suggests that phenolic compounds adsorption onto the XAD16 resin was a spontaneous process. Moreover, the absolute value of ∆G < 20 kJ/mol confirmed physical adsorption of phenolic compounds onto XAD16 resin [START_REF] Ding | Affecting factors, equilibrium, kinetics and thermodynamics of bromide removal from aqueous solutions by MIEX resin[END_REF][START_REF] Gao | Adsorption isotherm, thermodynamics and kinetics studies of polyphenols separation from kiwifruit juice using adsorbent resin[END_REF]. 

Desorption of phenolic compounds from the XAD16 resin

To assess the effect of ethanol concentration on desorption, five ethanol concentrations were evaluated: 30, 50, 70 and 90% (v/v). Preliminary results showed that the desorption curve reaches equilibrium after 120 min (data not shown). As shown in Figure 6.8, ethanol concentration significantly influenced SP and SA desorption ratio. The highest of desorption ratio of sinapine and sinapic acid was observed with ethanol 30% and 70% (v/v) (p < 0.05), respectively. These results indicate that desorption ratio was influenced by ethanol concentration and the solubility of phenolic compounds in the desorption phase. Indeed, sinapine is a polar compound demonstrating a good desorption ratio with ethanol at a lower concentration. Sinapic acid is by far less polar therefore presenting the higher desorption ratio at a higher ethanol concentration. Surprisingly, the desorption ratios of sinapic acid and sinapine in this study were much higher than in the report of Thiel et al. [START_REF] Thiel | New zeolite adsorbents for downstream processing of polyphenols from renewable resources[END_REF][START_REF] Thiel | A novel integrated downstream processing approach to recover sinapic acid, phytic acid and proteins from rapeseed meal: A novel downstream processing approach for rapeseed meal[END_REF] (about 44% and 3.7% for SA and SP) who used the same macroporous resin (XAD16) and desorption with 70% aqueous ethanol. However, a high desorption ratio of sinapic acid was also found by Moreno- González et al. (Moreno-González et al., 2020) with 70% (v/v) of ethanol. Table 6.6 presents IC50 values of compounds tested using DPPH and ABTS assays. These data demonstrate that the antioxidant activity of the hydrolyzed phenolic fraction was stronger than the one of the non-hydrolyzed fraction and vitamin C in both assays. These findings are likely due to the enrichment of the hydrolyzed fraction in sinapic acid as this compound exhibited the lowest IC50 values. It has already shown that phenolic compounds found in RSM are excellent antioxidants.

Previous studies showed that the antioxidant activity is most likely due to vinylsyringol found in rapeseed oil [START_REF] Ding | Affecting factors, equilibrium, kinetics and thermodynamics of bromide removal from aqueous solutions by MIEX resin[END_REF][START_REF] Thiyam-Holländer | Canola and Rapeseed: Production, Processing, Food Quality, and Nutrition[END_REF]. In this study, we show that sinapic acid has also strong antioxidant properties. Interestingly, the hydrolyzed fraction (containing mainly SA) was more effective than the non-hydrolyzed fraction (mainly containing SP) and vitamin C. These observations are in accordance with the report of Vourela et al. [START_REF] Vuorela | Quantitative analysis of the main phenolics in rapeseed meal and oils processed differently using enzymatic hydrolysis and HPLC[END_REF] who investigated the antioxidant function of phenolic compounds in rapeseed oil. Other researchers also indicated that the high concentration of phenolic compounds is related to a high antioxidant capacity [START_REF] Leyton | Purification of phlorotannins from Macrocystis pyrifera using macroporous resins[END_REF][START_REF] Siger | Identification and antioxidant activity of sinapic acid derivatives in Brassica napus L. seed meal extracts: Main phenolic compounds in rapeseed[END_REF][START_REF] Thiyam | Antioxidant activity of rapeseed phenolics and their interactions with tocopherols during lipid oxidation[END_REF] and our previous study (Le et al., 2021) also indicated that the high concentration of phenolic com-pounds is related to a high antioxidant capacity. Taken together, these data indicate that phenolic compounds isolated from RSM are interesting natural antioxidants that could be used in food industry or other applications [START_REF] Le | Pharmacological Countermeasures to Spaceflight-Induced Alterations of the Immune System[END_REF].

Materials and methods

Materials

The rapeseed meal was provided by Olead (Pessac, Bordeaux,France). Sinapine standard was purchased from ChemScience (JJ08852, Monmouth JunctionCity, NJ, USA). Sinapic acid and formic acid (FA) were obtained from Sigma-Aldrich (St. Louis, Missouri, USA). Sodium chloride (NaCl) and sodium hydroxide (NaOH) pellets were purchased from VWR (Radnor, Pennsylvania, USA).

Chlorohydric acid (HCl) 37% was from CarloErba (Val-de-Reuil, France). Acetonitrile (ACN) solution Five macroporous resins (XAD7, XAD4, XAD16, XAD1180, and HP20) were purchased from Sigma-Aldrich (St. Louis, Missouri, USA). The characteristics of these macroporous resins are shown in Table 6.7. 

Rapeseed protein isolate and its aqueous by-product production

The protein isolate/purification process was performed in two steps: first, protein extraction from rapeseed meal (RSM) and second, protein purification by ultrafiltration as recommended in [START_REF] Defaix | Protein isolate and process for the production thereof[END_REF][START_REF] Sara | Optimization of sunflower albumin extraction from oleaginous meal and characterization of their structure and properties[END_REF]. For protein extraction, the appropriate amount of RSM and NaCl 0.1M solution was mixed at a solid/liquid ratio of 1:9 (w/w). The extraction step was performed at pH 2 under agitation at 400 rpm for 30 min. Then, the liquid extract was clarified by centrifugation at 10 000 g for 30 min at 20°C (Heraeus Megafuge 16R centrifugation system, ThermoScientific, Waltham, Massachusets, USA). The supernatant was further clarified by tangential microfiltration using The quantification of total phenolic contents (TPC) was performed by the "sum of phenolic acids" method of Rabie Khattab et al. [START_REF] Khattab | Determination of Sinapic Acid Derivatives in Canola Extracts Using High-Performance Liquid Chromatography[END_REF]. TPC was estimated as SA equivalent (SAE) from the sum area of all peaks of phenolic compounds at 325 nm using the above described SE-HPLC method.

NaCl content

NaCl content in UF permeate was evaluated by measuring each sample's conductivity using a conduct meter (MeterLab HPM210, Radiometer analytical, France). NaCl solutions with concentrations ranging from 0.2 to 50 g/L were used to establish the calibration curve. The calibration equation was y = 1.4088x and the coefficient of determination was 0.993.

Total carbohydrate content

Total carbohydrate content in UF permeate and hydrolyzed permeate was determined according to the anthrone-sulfuric acid method of Yemm and Wilis [START_REF] Yemm | The estimation of carbohydrates in plant extracts by anthrone[END_REF]. Glucose was used as standard and glucose solutions with concentration ranging from 0.1 to 1 mg/mL were used to construct the calibration curve (y = 1.1845x, R² = 0.9981).

Protein content

Protein content in UF permeate was assessed using the Kjeldahl method (AOCS International., 1995). These compounds were low molar weight peptides or free amino acids since proteins were fully retained by the membrane. A nitrogen-to-protein factor of 6.25 was used as frequently used for rapeseed meal.

6.2.3.5.

Adsorption / desorption study

Resin screenings

The resins were screened on the basis of massic adsorption capacity (qe, amount of phenolic compounds adsorbed per g of resin) calculated as:

𝑞 𝑒 = (𝐶 0 -𝐶 𝑒 )𝑉 𝑖 𝑊 (6.1) where Co and Ce are the initial and equilibrium concentrations of phenolic compounds in nonhydrolyzed and hydrolyzed permeate solution respectively (mg/mL); Vi is the initial volume of permeate added onto the resins (mL); and W is the weight of the dried resin (g).

Adsorption kinetics

Adsorption capacity was monitored after 5,10,15,30,60,90, and 120 min. To do so, phenolic compounds concentration was measured in the liquid phase by HPLC. qe was deduced from the concentration. Results were plotted under linearized models (pseudo-first-order, pseudo-second-order, and intra-particle diffusion).

Adsorption isotherms

Adsorption isotherms expressed the relationship between phenolic compounds adsorption capacity (qe, mg/g) and the concentration of sample solution in the liquid phase at the equilibrium (Ce, mg/ L). For the adsorption study, a duration of 120 min was chosen. Experiments were carried out at 25°C -Langmuir and Freundlich models were used to regress experimental data. where lnKeq is the natural logarithm of the constant of adsorption equilibrium (Keq), ΔH is the enthalpy change (J/ mol), ΔS is entropy change (J/ mol), R is the universal gas constant (8.3144 J/molK) and T is the absolute temperature in Kelvin (K).

∆G was determined using Eq. 6.3: ∆G = -RT ln Keq (6.3) where ΔG (J/mol) is the Gibbs energy change.

Desorption

Desorption ratios were determined using different water/ethanol solutions after the adsorption step on XAD16 up to equilibrium. 40 mL of 30, 50, 70, and 90% water/ethanol (v/v) were added to the resin, and shaken at 150 rpm and 25°C for 2 hours to reach desorption equilibrium. Resins were washed twice with deionized water prior solvent addition. Resins were separated from the liquid filtration using filter paper. Phenolic compounds concentration in the liquid was quantified by HPLC. Desorption ratio was calculated using Eq.6.4:

𝐷𝑒𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 (%) = 𝐶 𝑑 𝑉 𝑑 (𝐶 𝑜 -𝐶 𝑒 )𝑉 𝑖 100% (6.4) where Cd is the concentration of CGA in desorption solution (mg/mL) and Vd is the volume of the desorption solution (mL). 𝐴 𝐷𝑃𝑃𝐻 -𝐴 𝐵𝑙𝑎𝑛𝑘 100 (%) (6.5) where 𝐴 𝐷𝑃𝑃𝐻 is the absorbance of the DPPH solution, 𝐴 𝑏𝑙𝑎𝑛𝑘 is the absorbance of pure methanol, 𝐴 𝑠𝑎𝑚𝑝𝑙𝑒+𝐷𝑃𝑃𝐻 is the absorbance of DPPH with the sample, and 𝐴 𝑠𝑎𝑚𝑝𝑙𝑒+𝑏𝑙𝑎𝑛𝑘 is the absorbance of pure methanol with the sample.

ABTS radical scavenging assay

The ABTS assay was used according to the procedure described by Re et al. [START_REF] Re | Antioxidant activity applying an improved ABTS radical cation decolorization assay[END_REF] with some modifications. 3.5 mM ABTS solution and potassium persulfate 1.225 mM were mixed to produce the ABTS + solution. This solution was kept at room temperature in the dark for 16 h before use. When the radical had formed, the absorbance of ABTS + solution at 734 nm was adjusted to 0.7 ± 0.02 by dilution with 95% (v/v) methanol solution with a 1/32 ratio (v/v). 20 µL samples at different concentrations (20, 10, 5, 2.5, and 1.25 µg/mL) were mixed with 180 µL ABTS + solution and added into each well of a 96-well plate. After 5 min of incubation in the dark at 25°C, the plate was shaken for 20 seconds and the absorbance was measured at 734 nm. Ascorbic acid (vitamin C), SP, and SA were used as references. The following equation was used to calculate ABTS .+ inhibition rate (%):

𝐴𝐵𝑇𝑆 .+ 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (%) = 𝐴 𝐴𝐵𝑇𝑆 -𝐴 𝑠𝑎𝑚𝑝𝑙𝑒+𝐴𝐵𝑇𝑆 𝐴 𝐴𝐵𝑇𝑆 100 (%) (6.6) where AABTS is the absorbance of ABTS + and Asample+ABTS is the absorbance of ABTS + with the sample.

All measurements for all samples solution at each concentration were performed in triplicate.

Calculation of IC50

The IC50 (inhibitory concentration) value is the antioxidant concentration required to scavenge 50% of DPPH and ABTS free radical. These values were calculated from the graph of radical scavenging activity against the different concentrations of tested samples. The concentration of the sample solution at IC50 (µg/mL) was determined by regression.

Data analysis

Results are presented as means ± S.D. (standard deviation) from three replicates of each experiment. All tests were considered significant at p < 0.05. Statistical analyses were performed using Rstudio 3.6.1 (Boston, MA, USA) open-source code. All figures were implemented by using the OriginPro 8.5 software (Northampton, MA, USA). The chemical structures of phenolic compounds were represented using the ChemDrawUltra 8.0 package (Cambridge Soft, MA, USA).

Conclusion

In conclusion, this study provides insights into determination of phenolic compounds in an aqueous protein extraction/purification by-product (permeate) from rapeseed meal (RSM). We found that sinapine was the main phenolic compound in this permeate. The other compounds were sinapoyl glucose, 1,2-di-sinapoyl gentiobise and sinapic acid. The acidic hydrolysis of this permeate allowed the efficient conversion of sinapine into sinapic acid. The XAD16 resin showed the highest adsorption capacity. Adsorption behaviors of total phenolic compounds, sinapine, and sinapic acid were also investigated. Our results revealed that the adsorption of phenolic compounds in both the hydrolyzed and non-hydrolyzed fractions followed the pseudo-second-order model and presented a very similar pattern of intra-particle diffusion. The Langmuir model was suitable to describe the adsorption process of phenolic compounds. Besides, the adsorption process was an exothermic, randomness, and physical adsorption process. Finally, we showed that the hydrolyzed fraction has the potential to become an interesting natural antioxidant, by comparison to vitamin C, that could find applications in food preservation or other domains.

Supporting informations

In this part of the thesis, the cytotoxicity and anti-inflammatory activities of both phenolic fractions (N and H fractions) were assessed. As presented in the chapter 4, the THP-1 cells differentiated into macrophages were also used to analyze the effects of the N and H fraction on cell viability and LPS-induced pro-inflammatory response.

Two conditions were used to mimic two different cellular states. First condition consisted in pre-incubating differentiated THP-1 cells with 100 ng/mL of LPS to induce a pro-inflammatory state and, one hour later, to add the N and H phenolic fractions at working concentrations corresponding to 50 or 100 µM of SP/SA. The purpose of this approach was to determine if this fraction was able to counter the LPS-induced pro-inflammatory response. The second condition was the opposite, it consisted in incubating THP-1 cells with the N and H phenolic fractions, to potentially promote an antiinflammatory cellular state, and one hour later to add 100 ng/mL of LPS. In both cases, cell viability and TNF- production, a major pro-inflammatory cytokine, were analyzed after 24 h of treatment. First, pre-incubating differentiated THP-1 cells with 100 ng/ mL of LPS to induce a pro-inflammatory cytokine such as TNF-α and add the N or H fraction after 1h concentrations corresponding to 50 or 100 µM of SP or SA, respectively. Second, to investigate an anti-inflammatory potential, we incubated THP-1 cells with N or H fraction corresponding to 50 or 100 µM of SP or SA and added 100 ng/ mL of LPS after 1h. In both cases, cells viability and TNF-α production level was estimated after 24h treatment.

First, we investigated the effects of N-fraction and H-fraction on cell viability. As shown in Figure S6.1, the sample concentration resulting in over 90% of cell viability was considered to show no cytotoxicity. Thus, phenolic fractions did not affect cell viability up to a concentration of 100µM (of SP or SA in N and H fraction). Notably, the "impurities" present in these two fractions did not affect cell viability. Moreover, all the phenolic components in both fractions did not show cytotoxicity. The results suggested that phenolic compounds in rapeseed meal after purification have no cytotoxicity at a concentration ranging from 50 to 100µM of SP or SA in N and H fraction, respectively. collected and used to quantify TNF alpha production by ELISA. This Figureure is representative of two independent experiments performed in triplicates. Data are presented as mean ± S.D. t-tests were used to identify statistically significant differences. a p < 0.05 vs conditions without LPS. b,c,d p < 0.05 vs LPS alone. g p < 0.05 vs "SA50+LPS". e,f p < 0.05 vs "SA100+LPS". e p < 0.05 vs "LPS+N100 fr.". "Control" corresponds to a culture in which no product was added. "LPS+SP/SA50" indicates that LPS was added before SP/SA at the concentration of 50 µM while "SP/SA50+LPS" indicates that SP/SA at the concentration of 50 µM was added before LPS.

Second, we investigated N fraction and H fraction effects on LPS-induced TNF-α production in THP-1 macrophages. Surprisingly, we noted that N fraction at SP concentration at 50/ 100 µM treated with LPS alone had pro-inflammatory effects on THP-1 differentiated cells (Figure S6.2). On the contrary, its can cause the pro-inflammatory effect ( b,c,d p < 0.05) when treated with N fraction. As shown in Figure S6.2, when all sample solutions were treated with LPS, the TNF-α production increased dramatically ( a p < 0.05). Moreover, when LPS was added after 1h with SA at a concentration of 100µM caused pro-inflammatory effects.

In contrast, when LPS was added before SA at 50 and 100µM 1h, there was an inhibitory TNF-α production level compared with LPS only ( b,c,d p < 0.05). However, when we replaced SA into H fraction (corresponding SA concentration was 50 or 100µM), There was no TNF-α production level activity. The results suggested that might all phenolic compounds in the H fraction participated in this activity. The difference might come from the difference in SA purity degree. Furthermore, and very interestingly, we observed that when pretreated with SA or H fraction in both concentrations 50 and 100 µM, the macrophages cells produced less TNF-α level than N fraction at the same concentration ( e p < 0.05). These results suggested that phenolic fraction after hydrolyzed, which mainly contains SA 73.00%, had an inhibitory effect on TNF-α production level without cell toxicity. In the past, Satu Vourela et al. (Satu Vourela et al., 2005) also found that rapeseed phenolic extracted showed no antiinflammatory properties after hydrolyzed with ferulic acid esterase (SA, in this case, proportioned 64%).

Hence, the conclusion in this study was consistent with the previous report. Notably, hydrolyzed permeate in the current study showed a weaker effect on pro-inflammatory effect than non-hydrolyzed permeate.

Conclusion

Both phenolic fractions did not affect cytotoxicity. Furthermore, it did not affect antiinflammatory through inhibition of the TNF-α production in LPS-induced macrophages.

Conclusion for chapter 6

These results of this chapter provided insights into determination of phenolic compounds in an aqueous protein extraction/purification by-product (permeate) from rapeseed meal (RSM). This liquid effluent consisted of sinapine (the main phenolic compound) and the other compounds were sinapoyl glucose, 1,2-di-sinapoyl gentiobise (esters of sinapic acid) and free sinapic acid. To convert the sinpaine and other ester of sinapic acid, the acidic hydrolysis of this permeate has successfully implemented. Our results revealed that the adsorption of phenolic compounds in both the hydrolyzed and non-hydrolyzed fractions followed the pseudo-second-order model and presented a very similar pattern of intra-particle diffusion. The Langmuir model was suitable to describe the adsorption process of phenolic compounds. Besides, the adsorption process was an exothermic, randomness, and physical adsorption process. Finally, we showed that the hydrolyzed fraction (H fraction) has the potential to become an interesting natural antioxidant, by comparison to vitamin C, that could find applications in food preservation or other domains. The both phenolic fraction, non-hyrolyzed (N fraction) and hydrolyzed fraction (H fraction) showed a high potential to become a natural antioxidant source based on radical scavenging inhibition capacity. Furthermore, both phenolic fractions did not affect cytotoxicity. In addition, it did not affect anti-inflammatory through inhibition of the TNF-α production in LPS-induced macrophages. In summary, this study can provide useful information concerning searching for natural antioxidants that can use in the food domain.

Note: Kindly note that the term "Vitamin C" using in this thesis was ascorbic acid. [START_REF] Thiel | A novel integrated downstream processing approach to recover sinapic acid, phytic acid and proteins from rapeseed meal: A novel downstream processing approach for rapeseed meal[END_REF]. Une autre perspective de ce travail pourrait donc être l'étude de systèmes d'hydrolyse enzymatique en batch ou en continu dans le cadre de couplages avec des procédés de séparation afin de compartimenter l'enzyme et le substrat et soutirer les produits (acide sinapique).
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 11 Figure 1.1. Schéma du projet complet de doctorat comprenant les deux parties (Partie I et Partie II)

Figure 2 . 1 .

 21 Figure 2.1. De-oiling sunflower seeds and rapeseed to produce sunflower and rapeseed meals.

Figure 2 . 1 .

 21 Figure 2.1. illustrates the process of oilseed de-oiling and oilseed meal production. Rapeseed and sunflower oils are the most consumed oils in the world (United Nations et al., 2019). Oilseeds with

2. 3

 3 represents several examples of compounds for hydroxybenzoic acids and hydroxycinnamic acids in natural sources. On the other hand, flavonoid groups are the largest group of phenolics derived from plants (Dey & Harborne, 1997). Flavonoids possess two aromatic rings (ring A and ring B, Figure.2.2) linked through an oxygen heterocycle (ring C) to construct a typical C6-C3-C6 skeleton structure (Figure.2.2).Depending on the degree of hydrogenation and oxygen heterocycle location, this group can be subclassified as flavanones, flavonols, isoflavones, flavonols, and anthocyanidins. Notably, flavonoids are usually present in the plant as glycosides[START_REF] Ambriz-Pérez | Phenolic compounds: Natural alternative in inflammation treatment[END_REF].

Figure 2 . 2 .Figure 2 . 3 .

 2223 Figure 2.2. General chemical structures of phenol and phenol derivatives (C6) in plant sources.

Figure 2 . 4 .

 24 Figure 2.4. Chemical structure of tannins presented in plant sources.

  discovered the presence of phenolic compounds in RSM were 1,6-di-O-sinaopylglucose, glucose esters, two gentiobiose esters (1-O-caffeoylgentiobise and 1,2,6'-tri-O-sinapoylgentiobiose), and two kaempferol conjugates being 4'-(6-O-sinapoylglucoside)-3,7-di-O-glucoside and 3-O-sophoroside-7-O-(2-O-sinapoylglucoside). Wolfram et al. discovered the several minor compounds include 4-O-

Figure 2 . 5 .Figure 2 . 6 . 4 .

 25264 Figure 2.5. Phenolic compounds identified in rapeseed meal and their chemical structures.

Figure 2 . 7 .

 27 Figure 2.7. Basic terms using adsorption/ desorption science.

Figure 2 . 8 .

 28 Figure 2.8. Particle diffusion mechanisms in adsorption by the porous adsorbent.

Figure 2 . 9 .

 29 Figure 2.9. Structure of (a) carbon atoms in graphite crystal and (b) microstructure of the activated carbon.

Figure 2 .

 2 Figure 2.10. Illustration of different types of pores.

Figure 2 . 11 .

 211 Figure 2.11. Illustration of external and internal different adsorbent surface.

Figure 2 .

 2 Figure 2.13. Different types of adsorption isotherms (adapted from (L.-M. Sun & Meunier, 2003).

Figure 2 . 14 .

 214 Figure 2.14. The schematic represents the proposed π-π interaction and hydrogen interaction between phenolic compounds onto SDVB (A) and acrylic resin (B).The surface functional substituents of macroporous resins also play an essential role in characterizing phenolics' interaction and resins at the interface. Primary groups (such as in AER1 and AER2 resins) can increase the π electrons in resins' basal planes. Therefore, it might increase the adsorption capability of resins. Meanwhile, acidic functional groups (such as CER 1 and CER 2 resins) cause a decrease in

  NO2 and -Cl), the π-π interaction is accumulated by reducing π electrons' density. Wang et al. (J.-P. Wang et al., 2007) and Liu Q-S et al. (Q.-S.

Figure 2 .Figure 2 . 15 .

 2215 Figure 2.15. Illustration of packed column configuration (A) and breakthrough curve properties of a fixed-bed (B).

Figure 2 . 16 .

 216 Figure 2.16. The different experimental designs (Adapted with modification from S. Karimifard and M. R. Alavi Moghaddam. (Karimifard & Alavi Moghaddam, 2018)). 2.11.3.1. Full factorial design (FFD) Full factorial design (FFD) is an experimental design for two or three levels of variables. The factor Number of experiments of this design are 2 k designs where k is the number of factors. Besides, the more common design used to research is the full three-level factorial design (3-FFD). The factors can be defined as three levels: low, center, and high. Therefore, the number of experiments is 3 k . A full three-level factorial design is ideal for the application of two factors. For more than two factors investigated, this model will give a large number of experiments. Therefore, other designs of experiments are recommended.

Figure 2 .

 2 Figure 2.17. Chemical structures of several antioxidants commonly used.

Figure 2 .Figure 2 . 18 .

 2218 Figure 2.18 shows the classification of phenolic antioxidants. In natural sources, phenolic compounds can be present in various types include phenolic acids, flavonoids, stilbenes, coumarins, lignans, and tannins[START_REF] Shahidi | Antioxidants[END_REF].

Figure 2 .

 2 19 shows the example of lipid-free radical during the auto-oxidation of lipids.

Figure 2 .

 2 Figure 2.19. Polyunsaturated fatty acids (RH) auto-oxidation process.

Figure 2 Figure 2 . 20 .

 2220 Figure 2.20. Schematic representation of the flavonoids antioxidants reaction mechanisms.

Figure 2 .

 2 Figure 2.21. Mechanism of DPPH assay.

Figure 2 .

 2 Figure 2.21 shows the mechanism of DPPH acting as an antioxidant in solution. Herein, DPPH is a stable radical free radical that can donate a hydrogen atom when interacting with phenolic compounds. The DPPH method aims to scavenge DPPH radicals via antioxidant agents, decolorizing the DPPH stock solution. The antioxidant activity is measured by changing the absorption solution at wavelength 515-517nm for 30 min. The high decrease in the mixture solution's absorbance

Figure 2 . 22 .

 222 Figure 2.22. Examples of phenolic antioxidants in hydroxybenzoic (A) and hydroxycinnamic acids forms (B).

Figure 2 .

 2 Figure 2.23 shows the generic chemical structures of several flavonoids types present in plants.

Figure 2 .

 2 Figure 2.23. General chemical structure of flavonoid molecules and significant classes of flavonoids.

Figure 2 .

 2 Figure 2.24. Example structures of antioxidants flavonoids.

  Rosemary extracts containing carnosol, and carnosic acid has exhibited useful antioxidant properties in corn, soybean,

  reactive oxygen species (ROS); adhesion molecules including intercellular adhesion molecule (ICAM)-1, vascular cell adhesion molecule (VCAM)-1, and E-selectin; lipid-derived eicosanoids such as prostaglandin (PG) E2, PGI2, leukotriene (LT) B4, and LTC4; cytokines such as tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6, and IL-10; and chemokines such as chemokine ligands CXCL8, CCL2 and CCL3. The production of these mediators is controlled by transcription factors such as nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB), activator protein (AP)-1, and nuclear factor erythroid 2-related factor 2 (Nrf-2). Their DNA-binding capacity is regulated by several

Figure 2 .

 2 Figure 2.25. NF-κB signaling pathway and inflammation. NF-κB: Nuclear factor-kappa B; I-κB: Inhibitor of κB; IKK: IκBα kinase; COX-2: cyclooxygenase 2; i-NOS: inducible nitric oxide synthase; PGs: prostaglandins; TNF-α: tumor necrosis factor-α; NOS: nitric oxide synthase; LPS: Lipopolysaccharide; TLR: toll-like receptor. The NF-κB signaling pathway has a crucial role in DNA transcription leading to the production of several cytokines, chemokines, immunoreceptors and cell adhesion molecules. The activation of the NF-κB pathway allows the expression of genes involved in inflammatory progression as illustrated in

Figure 2 .

 2 Figure 2.26. Schematic representation of the action of phenolic compounds. Phenolic compounds can inhibit the NF-κB signaling pathway by acting on IKK, I-κB, p65, translocation to the nucleus, and DNA binding. NF-κB: Nuclear factor-kappa B; I-κB: Inhibitor of κB; IKK: IκBα kinase; COX-2: cyclooxygenase 2; i-NOS: inducible nitric oxide synthase; NO: nitric oxide; PGs: prostaglandins; TNF-α: tumor necrosis factor-α; NOS: nitric oxide synthase; LPS: Lipopolysaccharide; TLR: toll-like receptor.At the early stage, the phosphorylation of IKK triggers the activation of the NF-κB signaling pathway. Therefore, all phenolic compounds that can inhibit NF-κB activation through IKK are promising anti-inflammation agents. For example, it was reported that IKK phosphorylation and activity are inhibited by apigenin (Figure2.26) (C.-C.[START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF] Liang et al., 1999a), luteolin (C.-C.[START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF], chrysin (C.-C.[START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF], quercetin[START_REF] Chen | Inhibition of iNOS gene expression by quercetin is mediated by the inhibition of IκB kinase, nuclear factor-kappa B and STAT1, and depends on heme oxygenase-1 induction in mouse BV-2 microglia[END_REF], kaempferol (C.-C.[START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF], morin[START_REF] Manna | Morin (3, 5, 7, 2′, 4′pentahydroxyflavone) abolishes nuclear factor-κB activation induced by various carcinogens and inflammatory stimuli, leading to suppression of nuclear factor-κB-regulated gene expression and upregulation of apoptosis[END_REF], and epigallocatechin gallate (EGCG)(Aneja et al., 

  , chrysin (C.-C.[START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF], EGCG[START_REF] Aneja | Epigallocatechin, a green tea polyphenol, attenuates myocardial ischemia reperfusion injury in rats[END_REF] can inhibit cJun phosphorylation. Luteolin[START_REF] Hirano | Luteolin, a flavonoid, inhibits AP-1 activation by basophils[END_REF], apigenin (C.-C.[START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF] and kaempferol (C.-C.[START_REF] Chen | Flavonoids inhibit tumor necrosis factor-α-induced up-regulation of intercellular adhesion molecule-1 (ICAM-1) in respiratory epithelial cells through activator protein-1 and nuclear factor-κB: structure-activity relationships[END_REF] have negative effects on the mRNA levels of cJun and cFos.

Figure 2 . 27 .

 227 Figure 2.27. Chemical structures of phenolic compounds from plants having in vitro and in vivo antiinflammatory activities.

Figure 2 .

 2 Figure 2.27 presents the chemical structures of phenolic compounds from plants which have anti-inflammatory activities via their action on three main signaling pathways involved in the inflammatory response. As shown in Figure 2.28, phenolic compounds can regulate NF-κB pathway activation via different events such as affecting IKK phosphorylation, nuclear translocation of p50 and p65, NF-κB binding to DNA and inhibiting transcription factors actions, resulting in anti-inflammatory effects. Moreover, phenolic compounds can inhibit the MAPK activation cascade by inhibiting JNK, ERK, and p38 expression. In the arachidonic acid signaling pathway, phenolic compounds reduce the

Figure 2 .

 2 Figure 2.28. Action of phenolic compounds on the three main signaling pathways involved in the inflammatory response. (Adapted with modifications from Yahfoufi N. et al. (Yahfoufi et al., 2018). Phenolic compounds can regulate several signaling pathways to reduce inflammation. NF-κB: nuclear factor kappa-light-chainenhancer of activated B cells; IKK: I-κB kinase; ERK: extracellular signal-related kinase; JNK: cJun amino-terminal kinase; p38 MAPK: p38 mitogen-activated protein kinase; COX: cyclooxygenase; LOX: lipoxygenase; AA: arachidonic acid; PLA2: phospholipase A2; PGs: prostaglandins; LTs: leukotrienes; DNA: deoxyribonucleic acid.

Figure 2 .

 2 Figure 2.29. Links between antioxidant properties of phenolic compounds and their anti-inflammatory effects (Adapted with permission from (Yahfoufi et al., 2018). Phenolic compounds can scavenge free radicals, chelate metal ions, inhibit ROS production, and induce ROS detoxification. ROS can stimulate inflammation by regulating several signaling pathways and pro-inflammatory cytokines. ROS: reactive oxygen species; RNS: reactive nitrogen species; NOX: NADPH oxidase; SOD: superoxide dismutase; GSH-Px: glutathione peroxidase; ERK: extracellular signal-regulated kinase; PI3K/Akt: phosphatidylinositide 3-kinase/ protein kinase B.

  chlorogenic acid (CGA) is the most abundant one; it represents 1-2% of the dry matter. Besides, sinapine (SP) and sinapic acid derivates are the major phenolic compounds found in RSM. An overview of the anti-inflammatory properties of pure chlorogenic acid (CGA) and sinapic acid (SA) is presented in Figure2.30.

Figure 2 .

 2 Figure 2.30. Anti-inflammatory activities of chlorogenic acid (CGA) and sinapic acid (SA). CGA and SA can inhibit NF-κB activation and transcriptional activity, COX-2 and iNOS expression, as well as TNF-α production. NF-κB: Nuclear factor-kappa B; I-κB: Inhibitor of κB; IKK: IκBα kinase; COX-2: cyclooxygenase 2; i-NOS: inducible nitric oxide synthase; NO: nitric oxide; PGs: prostaglandins; TNF-α: tumor necrosis factor-α; NOS: nitric oxide synthase; LPS: Lipopolysaccharide; TLR: toll-like receptor; CGA: chlorogenic acid; SA: sinapic acid.

  4'-OH substitution in B ring increased the antiinflammatory activities of flavonoids through the inhibition of LPS-induced NO production and ICAM-1 expression (Benavente-García & Castillo, 2008). According to Benavente-Garcia O. et al. (Benavente-García & Castillo, 2008), luteolin with a carbonyl functional group at the C4 position in C ring has potent anti-inflammatory effects. Moreover, the C ring's 4-oxo functional group can be considered as an essential factor in inhibiting prostaglandin production.

Figure 2 . 31 .

 231 Figure 2.31. Chemical structures of diosmetin and diosmin.
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 32 Figure 3.2. General scientific approaches for liquid effluent production and batch adsorption studies. 3.1.1. Aqueous by-product from the oilseeds protein isolate production Overview of aqueous by-products from oilseed proteins extraction/purification process in this chapter illustrated in Figure 3.3.
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 33 Figure 3.3. Process of aqueous by-product from oilseed protein isolate production.

Figure 3 . 4 .

 34 Figure 3.4. General scientific approaches for column adsorption and bioactivity evaluation of phenolic fractions.

Figure 3 . 5 .

 35 Figure 3.5. The general procedure of multicriteria optimization for phenolic compounds purification.

Figure 3 .

 3 Figure 3.8 illustrates the procedure of methods (DPPH and ABTS assays) using for determination the antioxidant capacity of phenolic fractions.

Figure 3 . 6 .

 36 Figure 3.6. The procedure of DPPH and ABTS assays.

Figure 3 . 7 .

 37 Figure 3.7. Scheme of THP-1 monocyte differentiation and TNF-α secretion.
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 1 9 (w/w). The pH of the slurry was adjusted at pH 7.5 with HCl 1 M and stirred at room temperature for 30 min. Then the slurry was centrifugated (Thermo Scientific Lynx 6000 centrifuge, USA) at 15 000 g and 20°C for 30 min. The purification step was achieved with an Akta Flux 6 ultrafiltration apparatus (GE Healthcare Life Science, USA). The membrane used was a polyethersulfone hollow fiber membrane of 3 kDa cut-off (4800 cm² area, UFP-3, C-6A, GE Healthcare, USA). The transmembrane pressure was set at 1.5 bar and the feed rate at 1.5 L/min. In a first stage, six diavolumes (DV, DV = diafiltration solution volume/ initial volume) of 0.5 M NaCl solution was used to flush proteins from micro-solutes (low molar weight carbohydrate, minerals, non-protein nitrogen, and phenolic compounds). Then, NaCl was removed by three diavolumes of deionized water. The retentate compartment contained the purified proteins. The permeate obtained was collected and adjusted at pH 2 (in order to avoid phenol oxidation as recommended[START_REF] Slabi | Multiobjective optimization of solid/liquid extraction of total sunflower proteins from cold press meal[END_REF] and stored at -20°C before use.

Figure 4 . 1 .

 41 Figure 4.1. SE-HPLC chromatogram and structures of phenolic compounds detected in the UF permeate obtained from sunflower protein purification.

Figure 4 .

 4 Figure 4.1 shows the SE-HPLC chromatogram at 325 nm and 280 nm of ultrafiltration (UF)permeate obtained from the purification of proteins extracted from sunflower meal at pH 7.5, 0.5 M NaCl. This figure shows the main peak at 32 min of retention time. Marginal signals can be observed at 13, 37 and 39 min of retention time. The first minor peak (13 min) corresponded to the column void volume and showed a higher signal at 280 nm rather than 325 nm. SDS-PAGE analysis of this peak revealed the presence of proteins in a molar weight range of sunflower albumins(SFA,(10)(11)(12)(13)(14)(15)[START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF](17)[START_REF] Halhouli | Effects of pH and Inorganic Salts on the Adsorption of Phenol from Aqueous Systems on Activated Decolorizing Charcoal[END_REF] 

Figure 4 . 2 .

 42 Figure 4.2. Mass (A) and surface (B) adsorption capacity of CGA on XAD4, XAD16, XAD7, XAD1180, and HP20. L. Lin et al. reported that chemical features of XAD7 and HP20 resins were as important as physical characteristics on phenolic compounds adsorption (L. Lin et al., 2012). The adsorption mechanism remains unclear though. In this study, we propose a possible CGA interaction scheme with acrylic and SDVB resins (Figure 4.3). CGA would interact with XAD7 through hydrogen bonding implying alcohol functions of the caffeic acid part and the acrylate ester bonds of the resin backbone.

Figure 4 . 3 .

 43 Figure 4.3. Schemes for mechanism proposed of the adsorption process of the phenolic compound onto the different resins. (A) CGA onto XAD7 resin and (B) CGA onto XAD16 resin.

Figure 4 .

 4 Figure 4.5 shows the adsorption isotherms of CGA on XAD7 and XAD16 at 25°C. Data were regressed with Langmuir (Figure 4.5A) and Freundlich (Figure 4.5B) equations as commonly done elsewhere (B. Liu et al., 2016; P.-C.[START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. Table4.4 listed the R² of the

  but discrepancies are harder to interpret since the starting material was different (Crofton weed extract) (B.[START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF].

Figure 4 . 5 .

 45 Figure 4.5. Adsorption isotherms non-linear fitting of selected XAD7 and XAD16 resin. (A) Langmuir model and (B) Freundlich isotherm model.

Figure 4 .

 4 6A-B shows adsorption isotherms at 25°C, 35°C and 45°C (linearized Langmuir model). Langmuir model parameters and R² were listed in Table

  Figure 4.3. 

Figure 4 . 6 .

 46 Figure 4.6. Equilibrium adsorption isotherm using the Langmuir model in linear form. (A) XAD7 and (B) XAD16 at 25°C, 35°C and 45°C; (C) ln KL vs. 1/T plot of adsorption equilibrium constant KL using the Langmuir model.

Figure 4 . 7 .

 47 Figure 4.7. Desorption ratio of CGA onto XAD7 and XAD16 with different ethanol concentrations.
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 31 Figure S4.1. SE-HPLC chromatogram and structures of phenolic compounds detected in the UF permeate obtained from rapeseed protein purification.Chromatograms were recorded at 325 nm.

Figure S4. 2 .

 2 Figure S4.2. Chemical structures of phenolic compounds (1) Sinapine, (2) sinapoyl glucose, (3) 1,2disinapoyl gentiobiose, and (4) sinapic acid. Different numbers indicated the position of phenolic compounds presented in the HPLC chromatogram.

Figure S4. 1

 1 Figure S4.1 shows the SE-HPLC chromatogram at 325 nm of the ultrafiltration (UF) permeate.

Figure S4. 2

 2 Figure S4.2 shows the chemical structures of phenolic compounds represented in permeate.This permeate was obtained from a rapeseed albumin isolate production process recently patented (Albe

3 .

 3 Figure S4.3. Adsorption capacity of phenolic compounds after adsorption of UF permeate using XAD4, XAD16, XAD7, XAD1180, and HP20 resins.

4 .

 4 Figure S4.4. Adsorption kinetics with XAD16. (A) adsorption kinetic curve. (B) pseudo-first-order model. (C) pseudo-second-order model. (D) intra-particle diffusion model (in linearized forms) of sinapine.

Figure S4. 5 .

 5 Figure S4.5. Adsorption isotherms of phenolic compounds on XAD16 with (A) Langmuir and (B) Freundlich linear models for sinapine.

Figure S4. 5

 5 Figure S4.5 shows adsorption isotherms of sinapine and sinapic acid onto XAD16 at 25°C. Data were regressed with Langmuir (Figure S4.5A) and Freundlich (Figure S4.5B) equations as commonly doneelsewhere[START_REF] Chang | Extraction and Advanced Adsorbents for the Separation of Perillaldehyde from Perilla frutescens (L.) Britton var. Crispa f. Viridis Leaves[END_REF] Y. Chen et al., 2016;[START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF]. TableS4.3 lists the R² of

4. 3 . 4 .

 34 Figure S4.6. ln KL vs. 1/T plot of adsorption equilibrium constant KL using Langmuir isotherm of sinapine.

4. 3 . 5 .

 35 Figure S4.7. Desorption ratio of sinapine from the XAD16 resin at different ethanol concentrations.

Figure S4. 8 .

 8 Figure S4.8. HPLC chromatogram of phenolic compounds in desorption fraction.

Figure

  Figure S4.8 shows the HPLC chromatogram of phenolic compounds after purification with the XAD16 resin. The peaks of sinapine (Figure S4.8) and sinapic acid are highlighted in the desorption fraction. Sinapine (63.31%) is the mains phenolic compound in the fraction after purification. As different compositions of phenolic compounds after purification might lead to different biological actions, we used both fractions to assess the antioxidant and activities in subsequent experiments.

Figure 5 . 1 .

 51 Figure 5.1. Comparison of model-predicted and actual values for dynamic binding capacity (left), productivity (middle), and recovery (right) responses.

Figure 5 . 2 .

 52 Figure 5.2. 3-dimensional plots presenting the effects of adsorption flow rate and pH on CGA yield. pH versus adsorption flow rate on adsorption binding capacity (A), productivity (B), and recovery (C).

Figure 5 .

 5 Figure 5.2A shows the effect of pH and flow rate on DBC10. At pH 2, DBC10 increases from 26.1 to 44.47 mg/g when flow rate decreases from 15 to 5 BV/h. This trend is observed whatever the pH value. This behavior is classically explained by reduced diffusional limitations inside resin pores at low flow rate. It has been observed in many reports regarding CGA adsorption onto macroporous resins.Hence, CGA adsorption from Helianthus tuberosus L. leaves extract on ADS-21, from potato leaves on AB-8, from Eupatorium adenophorum Spreng extract onto NKA-II were recommended to range from 1 to 3 BV/h (B.[START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF]. However, it can be noticed that

Figure 5 . 3 .

 53 Figure 5.3. HPLC chromatogram of the sample after passing through the XAD7 resin column (fraction), and of pure chlorogenic acid (standard).

Figure 5 .

 5 Figure 5.3 shows the size exclusion HPLC chromatogram at 325 nm of standard CGA (5-CQA) and of the desorbed fraction obtained at 50% (v/v) ethanol. Standard CGA shows a single peak at 32 minutes of elution time analyzed by mass spectrometry as CGA (5-CQA). The fraction shows a main peak at the elution time and two minor peaks at 37 and 38.5 minutes of elution times identified by MS as 3-and 4-CQA i.e. the two other CGA isomers. Traces of caffeic acid were also detected at 23

Figure 5 . 4 .

 54 Figure 5.4. Scavenging activity of the CGA fraction compared to pure CGA (standard) and vitamin C determined using DPPH (A) and ABTS (B) assays. Bars labeled with different letters are significantly different (p < 0.05).

  Different letters in the same column for the IC50/DPPH and IC50/ABTS indicate significant differences (p < 0.05) between individual sample treatments.

Figure 5 . 5 .

 55 Figure 5.5. Chlorogenic acid (CGA) structure (A) and effects of this pure compound or of the CGA fraction on the viability of differentiated THP-1 cells (B).

Figure 5 . 6 .

 56 Figure 5.6. When added before LPS, CGA and the CGA fraction reduce the production of TNF-α by differentiated THP-1 cells.

  predicted and observed values (R² = 0.83 for dynamic binding capacity at 10% (DBC10), R² = 0.72 for productivity, and R² = 0.73 for recovery) (Figure S5.1). The closer the R² values to 1, the more accurate the models were L.A.Sarabia and M.C.Ortiz (Sarabia & Ortiz, 2009). The calculated values and observed values are presented in Figure S5.1.

Figure S5. 1 .

 1 Figure S5.1. Comparison of model-predicted and actual values for dynamic binding capacity (left), productivity (middle), and recovery (right) responses.

Figure S5. 3 .

 3 Figure S5.3. Scavenging activity of the phenolic fraction (N fraction) compared to pure sinapine (standard) and vitamin C determined using DPPH (A) and ABTS (B) assays. Bars labeled with different letters are significantly different (p < 0.05).To evaluate the radical scavenging capacity of the N fraction by comparison to pure sinapine and vitamin C at the same concentrations, DPPH and ABTS assays were implemented[START_REF] Brand-Williams | Use of a free radical method to evaluate antioxidant activity[END_REF][START_REF] Chen | Antioxidant properties of polyphenols extracted from green and black teas[END_REF]. As shown in FigureS5.3, the free radical scavenging potential gradually increased when the concentration of samples was increased in both methods. At the concentration range 1.25-10 µg/mL, DPPH assay revealed that N fraction and pure sinapine had the same scavenging capacity (FigureS5.3A). This observation can be explained that sinapine is a main

Figure S5. 4 .

 4 Figure S5.4. Effects of pure sinapine (SP) or phenolic fraction (N fraction) on the viability of differentiated THP-1 cells. Two concentrations (50 and 100 µM) of pure sinapine (SP) used as references and two working concentrations of the fraction corresponding to a content of 50 or 100 µM of SP (N50 fr. and N100 fr.) were used. Differentiated THP-1 cells were incubated for 24h either with these products alone or with 100 ng/mL of LPS added one hour before or after the addition of pure SP or N fraction. Then, cell viability was evaluated by crystal violet assay and optical density (O.D.) was measured at 595 nm. Data are presented as mean ± S.D. This figure is representative of four independent experiments realized in triplicates. "Control" corresponds to a culture in which no product was added. "LPS+SP50" indicates that LPS was added before SP at the concentration of 50 µM while "SP50+LPS" indicates that SP at the concentration of 50 µM was added before LPS. "LPS+N50 fr." indicates that LPS was added before N fraction containing 50µM of SP. "N50 fr. + LPS" indicates that LPS was added after N fraction containing 50µM of SP. First, we investigated the effect of N fraction on cell viability. As shown in Figure S5.4, the sample concentration resulting in over 90% of cell viability was considered to show no cytotoxicity.

Figure S5. 5 .

 5 Figure S5.5. Effect of pure sinapine (SP) and N fraction when added before and after LPS on TNF-α production by differentiated THP-1 cells. Two concentrations (50 and 100 µM) of pure sinapine (SP), used as references, and two working concentrations of rapeseed phenolic fraction (N fraction), corresponding to a content of 50 or 100 µM of SP, were used.Differentiated THP-1 cells were incubated for 24h either with these products alone or with 100 ng/mL of LPS added one hour before or after SP or rapeseed phenolic fraction. Cell culture supernatants were then collected and used to quantify TNF-α production by ELISA. This figure is representative of four independent experiments performed in triplicates. Data are presented as mean ± S.D. t-tests were used to identify statistically significant differences. a p < 0.05 vs conditions without LPS. b,c,d p < 0.05 vs LPS alone. "Control" corresponds to a culture in which no product was added. "LPS+SP50" indicates that LPS was added before SP at the concentration of 50 µM while "SP50+LPS" indicates that SP at the concentration of 50 µM was added before LPS. "LPS+N50 fr."indicates that LPS was added before N fraction containing 50µM of SP. "N50 fr. + LPS" indicates that LPS was added after N fraction containing 50µM of SP.
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 61 Figure 6.1. Scientific approaches in chapter 6

Figure 6 . 2 .

 62 Figure 6.2. SE-HPLC chromatogram and structures of phenolic compounds detected in the UF permeate obtained from rapeseed protein purification.

Figure 6 . 4 .

 64 Figure 6.4. Adsorption capacity of phenolic compounds after adsorption of UF permeate without (A)

Figure 6 . 5 .

 65 Figure 6.5. Adsorption kinetics with XAD16.

Figure 6 .

 6 Figure 6.6 shows adsorption isotherms of sinapine and sinapic acid onto XAD16 at 25°C. Data were regressed with Langmuir (Figure6.4A,C) and Freundlich (Figure6.4B,D) equations as commonly done elsewhere (B.[START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF][START_REF] Weisz | Sustainable sunflower processing-II. Recovery of phenolic compounds as a by-product of sunflower protein extraction[END_REF]. Table6.4 lists the R² of

Figure 6 . 6 .

 66 Figure 6.6. Adsorption isotherms of phenolic compounds on XAD16 with Langmuir and Freundlich linear models. (A, B) Langmuir and Freundlich models for sinapine. (C, D) Langmuir and Freundlich models for sinapic acid

Figure 6 .

 6 Figure 6.7. ln KL vs. 1/T plot of adsorption equilibrium constant KL using Langmuir isotherm of (A) Sinapine and (B) Sinapic acid.

Figure 6 .

 6 Figure 6.10. Scavenging activity of the non-hydrolyzed (N fraction) and hydrolyzed (H fraction) fractions compared to pure sinapine, sinapic acid and vitamin C determined using (A) DPPH assay and (B) ABTS assay. Bars labeled with the different lowercase letters and uppercase letters are significantly different (p < 0.05).

  was provided by Biosolve BV(Valkensward, the Netherlands). Absolute ethanol (EtOH) was purchased from DASIT (France). All solvents and chemical reagents used in this study were analytical and highperformance liquid chromatography (HPLC)-grade. 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2'azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), potassium persulfate, and ascorbic acid (vitamin C) were provided by Sigma-Aldrich (St. Louis, Missouri, United States).

a 0 .

 0 22 µm membrane at 0.2 bar of transmembrane pressure (0.1 m² area, Pellicon Mini Cassette Durapore, polyvinylidene difluoride (PVDF) membrane, MA, USA). The protein purification was achieved by diafiltration using an Akta Flux 6 device (GE Healthcare, Chicago, Illinois, USA) at a feed flow of 2 L/min and a transmembrane pressure of 1.5 bars. During the process, the retentate compartment was fed with 0.5 M salt solution at the same flow rate as the permeate flux in order to keep the volume constant. Six diavolume (DV, DV = VNaCl/V0) of NaCl solution were poured. Then, 3 DV of deionized water were used to flush NaCl from proteins. The permeate containing the phenolic compounds was recovered and adjusted to pH 2 by adding HCl 1M for further studies.
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 2354 Adsorption thermodynamic parametersThe effect of the temperature was investigated by determining the adsorption isotherms at 298.15, 308.15, and 318.15 K. Enthalpy and entropy variations were obtained from the slope and intercept of the linear plot lnKeq vs 1/T according to the linear form of Clausius-Clapeyron Eq. 6

  scavenging activity was carried on according to[START_REF] Zhu | Characterization and Free Radical Scavenging Activity of Rapeseed Meal Polysaccharides WPS-1 and APS-2[END_REF] with some modifications. Briefly, DPPH 0.2 mM in MeOH was prepared. 100 µL of samples at 1.25, 2.5, 5, 10 and 20 µg/mL were mixed with 100µL of DPPH 0.2mM and added to the wells of a microplate. The mixtures were kept at 25°C for 30 min in the dark and then shaken for 30 s. The absorbance was measured at 517 nm. The inhibition percentage (%) of radical scavenging capacity was expressed as follows:𝐷𝑃𝑃𝐻 𝑟𝑎𝑑𝑖𝑐𝑎𝑙 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 (%) = (𝐴 𝐷𝑃𝑃𝐻 -𝐴 𝑏𝑙𝑎𝑛𝑘 )-(𝐴 𝑠𝑎𝑚𝑝𝑙𝑒+𝐷𝑃𝑃𝐻 -𝐴 𝑠𝑎𝑚𝑝𝑙𝑒+𝑏𝑙𝑎𝑛𝑘 )

1 .

 1 Figure S6.1. SP, SA, N-fraction, and H-fraction rapeseed fractions do not affect differentiated THP-1 cells' viability.Two concentrations (50 and 100 µM) of SP/ SA, used as reference compounds, and two working concentrations of each rapeseed fraction, corresponding to a content of 50 or 100 µM of SP/ SA, were used. Differentiated THP-1 cells were incubated for 24h either with these products alone or with 100 ng/mL of LPS added one hour before or after SP/ SA or rapeseed fractions (N or H). Then, cell viability was evaluated by crystal violet assay, and optical density (O.D.) was measured at 595 nm. Data are presented as mean ± S.D. This Figureure is representative of three independent experiments realized in triplicates. 'Control' corresponds to a culture in which no product was added. "LPS+SP50" or "LPS+SA50" indicates that LPS was added before SP/ SA at the concentration of 50 µM while "SP50+LPS" or "SA50+LPS" indicates that SP/ SA at the concentration of 50 µM was added before LPS.
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 322 Figure S6.2. Effect of SP, SA, and rapeseed fraction reduces TNF alpha production by differentiated THP-1 cells. Two concentrations (50 and 100 µM) of sinapine (SP) or sinapic acid (SA), used as reference compounds, and two working concentrations of each rapeseed fraction, corresponding to a content of 50 or 100 µM of SP/ SA, were used. Differentiated THP-1 cells were incubated for 24h either with these products alone or with 100 ng/mL of LPS added one hour before or after SP/ SA or rapeseed fractions (N or H). Cell culture supernatants were then

  de ce travail étaient : 1) caractériser et identifier les composés phénoliques des effluents liquides issus de la production d'isolats protéiques à partir de tourteaux de tournesol et de colza; 2) sélectionner les meilleures résines macroporeuses et étudier le mécanisme d'adsorption des composés phénoliques ; 3) optimiser les conditions dans la colonne d'adsorption des composés phénoliques ; et 4) évaluer les activités biologiques des fractions phénoliques obtenues, notamment les propriétés antioxydantes et anti-inflammatoires. Les résultats obtenus ont permi de montrer que des résines macroporeuses permettent d'isoler les composés phénoliques des sels, des sucres, des composés non protéiques en raison de leur sélectivité d'adsorption. Une méthode originale basée sur des téchniques d'HPLC et HPLC-MS ont permi d'établir que le principal composé phénolique identifié dans les permeats issus de SFM était l'acide chlorogénique (CGA). La sinapine (SP) était le composé phénolique prédominant dans les permeats issus de RSM, suivi de l'acide sinapique (SA) et des formes esters de l'acide sinapique, notamment le sinapoyl glucose et le 1,2-di-sinapoyl gentiobise. Ces esters d'acide sinapiques peuvent être hydrolysés à plus de 75% en acide sinapique en conditions acide. L'adsorption sur résines macroporeuses adsorbantes a été étudiée en mode batch dans un premier temps. Cinq résines macroporeuses différentes, dont le SDVB (XAD4, XAD16, XAD1180 et HP20) et la résine acrylique (XAD7), ont été utilisées. Ces résines possèdent différents diamètre des pores, surface spécifique et les propriétés de surface. La meilleure résine pour l'adsorption du CGA dans le SFM était la XAD7, et pour l'adsorption de la Sinapine et des composés phénoliques totaux (TPC) dans le perméat non hydrolysé et hydrolysé était la XAD16. Ceci a indiqué que l'adsorption était basée principalement sur une interaction hydrophobe-hydrophobe et un empilement π-π entre le cycle benzénique des composés phénoliques (partie acide sinapique) et le cycle benzénique des résines macroporeuses. Au contraire, cette interaction était plutôt des ponts hydrogènes dans le cas du CGA dans le SFM avec XAD7. Cette interaction se produit au niveau de la partie acide caféique (dans la structure du CGA, donneur d'électrons) et du groupe acyle (dans le squelette de la résine XAD7, accepteur d'électrons). XAD7 et XAD16 ont donc été selectionnées pour réaliser caractériser la cinétique d'adsorption, les isothermes ainsi que la mise en oeuvre en colonne. Les cinétiques d'adsorption des composés phénoliques adsorbés par SFM/ RSM sur les résines XAD7 et XAD16 s'adaptaient bien au modèle de pseudo-second ordre. En outre, ces données ont montré un schéma de diffusion intra-particulaire similaire dans tous les cas. Par conséquent, nous avons conclu que la cinétique d'adsorption des composés phénoliques est essentiellement limité par la diffusion à l'intérieur des pores de la particule. Le modèle de Langmuir décrit le plus précisément le mécanisme d'adsorption des composés phénoliques dans les deux résines, indiquant un comportement d'adsorption monocouche. De plus, sur la base des paramètres thermodynamiques, ce travail a montré que le processus d'adsorption était contrôlé par un mécanisme physique et devait être favorablement mené à basse température. Ensuite, la désorption statique avec l'éluant à différentes concentrations d'éthanol peut affecter le ratio de désorption des composés phénoliques. Selon les résultats du ratio de désorption, une solution d'éthanol à 50% (v/v) a été confirmée comme étant la meilleure solution de compromis avec le CGA et des solutions d'éthanol à 30% (v/v) et 70% (v/v) pour la sinapine et l'acide sinapique, respectivement. Dans cette étude, un processus efficace pour la purification des composés phénoliques et des composés phénoliques totaux à partir du SFM/ RSM a été établi en utilisant une méthodologie plan d'expériences (DoE) couplé à une optimisation multicritères. La condition optimale basée sur la méthodologie de surface de réponse pour l'enrichissement des composés phénoliques à partir de la GDF en utilisant la résine XAD7 était un débit d'adsorption de 15BV/h, un pH de 2,7 et une désorption avec de l'EtOH à 50 % (v/v). De plus, la condision optimale pour le RSM était un débit d'adsorption de 13.30 BV/ h, pH 2-5, et une désorption avec 30% (v/v). Ces conditions ont permis de générer suffisamment de produit pour évaluer ses propriétés antioxydantes et anti-inflammatoires. Les tests DPPH et ABTS ont montré que les fractions obtenues (fraction CGA, fraction sinapine et fraction acide sinapique) avaient une activité de piégeage des radicaux plus puissante que la vitamine C, ce qui pourrait trouver des applications dans la conservation des aliments ou d'autres domaines. En outre, la fraction CGA et les fractions sinapine/acide sinapique n'ont révélé aucune cytotoxicité sur une lignée cellulaire de macrophages humains. En particulier, la fraction CGA a réduit de 22 % le niveau de production de TNF-α induit par le LPS.Ces études ont fourni une base nécessaire pour le développement futur de la séparation et de la purification des composés phénoliques à partir du SFM et du RSM. Plus important encore, les résultats obtenus dans le cadre de ce projet de doctorat suggèrent que nous pouvons développer les antioxydants naturels dérivés du SFM et du RSM pour l'industrie alimentaire et cosmétique. Comme démontré dans ce travail de doctorat, le SFM contenant du CGA a une application potentielle dans la préparation pharmaceutique en raison de sa fonction anti-inflammatoire.7.2. PerspectivesCe travail a montré un potentiel applicatif interessant des composés phénoliques de tournesol et de colza en utilisant des systèmes de criblage in vitro et des tests cellulaires (cytotoxicité et activités antiinflammatoires). Une première perspective de ce travail consisterait à valider l'interêt de ces molécules avec des systèmes proches des systèmes réels. Ainsi, l'évaluation du potentiel antioxydant pourrait être évalué sur des matrices alimentaires (ex. mayonnaises) pour les applications en sécurité alimentaire en utilisant des témoins mis en oeuvre pour ces applications. Il faudrait également integrer des études organoleptiques car l'utilisation de composés phénoliques peut entraîner des problèmes de couleur et / ou impacter le goût des matrices. Une démarche similaire peut être réalisée pour valider l'activité protective sur l'inflammation in vivo sur des modèles animaux. Il est également envisageable d'étudier des effets synergiques de composés phénoliques en mélanges pour ces applications. Principalement concernant les activités antiinflammatoires. Par ailleurs, les effluents liquides contiennent potentiellement d'autres biomolécules d'interêt tels que les oligosides et composés azotés qui peuvent être utilisés comme liqueurs pour la fabrication d'énergie et / ou de molécules plateformes biosourcées où encore l'acide phytique qui présentent un potentiel d'application important en industrie cosmetique comme agent chelateur d'ions métaliques divalents. Une étude plus globale de fractionnement peut donc être envisagée. Cette démarche peut integrer les procédés d'adsorption et / ou integrer des procédés membranaires (nanofiltration et / ou procédés électromembranaires) plus ecocompatibles. Cette étude doit integrer des démarches d'optimisation systémiques (multi-étapes) afin d'évaluer les optimums de fonctionnement integrant l'utilisation des intrants (eau, sel, soude et acide) et leur recyclage de sorte à évaluer de manière rationnelle cette nouvelle filière. L'hydrolyse des esters d'acide sinapique présents dans les effluents de production d'isolats de protéines de colza a montré une liberation de composés présentant une activité antioxydante particulièrement importante. Toutefois, l'hydrolyse acide réalisée dans le cadre de ce travail de thèse nécessite de grandes quantités d'acide et a probablement détruit d'autres molécules potentiellement valorisables. Des travaux récents montrent qu'il est possible d'hydrolyser la sinapine en acide sinapique par bioconversion enzymatique
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	No. Component	Composition range (%)	Bibliographic data * (%)
	1	Crude proteins	29-55.5	55.5-29-34-32-31.7-36.33
	2	Crude lipid	0.5-2.00	0.5-1.15-2.00-1-6
	3	Crude fiber	29-50	37-29-50-33.6-43
	4	Total phenolic content	2.4-4.7	3.4-2.4-4.7-2.7
	5	Lignin	8.4-26.8	26.8-8.4
	6	Moisture	6.5-10.4	6.5-8.0-9.0-10.4-9.92
	7	Ash		

1. Composition of SFM on average according to bibliographic data

Table 2 .
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	No.	Component	Composition range (%) Bibliographic data * (%)
	1	Crude proteins	33.9-39.47	33.9-36.0-35.9-33.9-33.9-39.47
	2	Crude lipids	1.7-3.8	2.6-1.7-3.8-1.7
	3	Crude fiber	9.7-13.9	13.9-11.7-11.2-9.7-12.7
	4	Total phenolic content	0.02-1.705	
	5	Moisture	7.2-10.0	7.2-9.8-10.0-7.7-7.26
	6	Ash	1.31-6.5	6.1-6.5-6.2-1.31
	7	Lignin	5.52-95	95-

2. Composition of RSM on average according to bibliographic data

Table 2 .

 2 3 summarizes all the categories of these compounds in the literature through the chemical structures of various phenolic compounds found in plants.

Table 2 . 3 .

 23 Phenolic compounds classification in plants.

(Adapted from Harborne,

[START_REF] Dey | Plant Biochemistry[END_REF] 

Table 2 .4. Phenolic

 2 

compounds identified in SFM and RSM in literature

No. Phenolic compounds in SFM * Phenolic compounds in RSM **

  

	20	Caffeoyl-di-methoxy cinnamoyl quinic	Feruloyl choline (5-8') guaoacyl
		acid	
	21	Ferulic acid dehydrotrimer	Feruloyl choline(5-8')guaiacyl
	22	Quercetin derivative	Feruloyl choline(4-O-8')guaiacyl-di-sinapoyl
	23	Quercetin glycoside	Kaempferol-3-O-β-sophoroside
	24	Quercetin rutinoside	Kaempferol-3-O-sophoroside-7-O-β-glucopyranoside
	25	Quercetin glucuronide	Sinapoyl-Kaempferol derivates
	26	Flavanone	Kaempferol-di-hexoside-sinapoyl-hexoside
	27	-	Kaempferol-sinapoyl-tri hexoside
	28		
	1	Ferulic acid	Ferulic acid
	2	p-coumaric acid	p-coumaric acid
	3	Caffeic acid (CA)	Caffeic acid
	4	Quinic acid (QA)	Gallic acid
	5	Sinapic acid (SA)	Sinapic acid (SA)
	6	trans-cinnamic acid	Syringic acid
	7	Vanillic acid	Vanillic acid
	8	Syringic acid	Protocatechuic acid
	9	3-O-Caffeoyl quinic acid (3-CQA)	p-hydroxybenzoic acid
	10	4-O-Caffeoyl quinic acid (4-CQA)	Sinapine (majority) (SP)
	11	5-O-Caffeoyl quinic acid (5-CQA)	Cyclic spermidine
		(majority)	
	12	3-O-p-Coumaroylquinic acid	Sinapoyl glucose (SG)
	13	4-O-p-Coumaroylquinic acid	Sinapoyl glucopyranoside
	14	5-O-p-Coumaroylquinic acid	1,2-di-O-sinapoylglucose
	15	5-O-feruloylquinic acid	Disinapoyl glucopyranoside
	16	3,4-di-O-caffeoylquinic acid (3,4-diCQA)	1,2-di-O-sinapoyl gentiobise
	17	3,5-di-O-caffeoylquinic acid (3,5-di-CQA) Trisinapoyl gentiobioside
	18	4,5-di-O-caffeoylquinic acid (4,5-diCQA)	Sinapine (4-O-8')guaiacyl
	19	Caffeoylferuloylquinic acid	Sinapine (4-O-8')guaiacyl-di-sinapoyl

Table 2 . 5

 25 

	Phenolic compounds	Concentration range	Bibliographic data *
	Ferulic acid	0.0058-0.17	0.0076-0.0105-0.0092-0.0058-0.17-
			0.16-0.14-0.009 a
	Caffeic acid (CA)	0.006-0.18	0.56-0.82-0.58 a -0.17-0.02-0.9609-
			0.18-0.06-0.17-0.006 a
	Quinic acid (QA)	0.30-0.39	0.39-0.30-0.36 a
	trans-cinamic acid	0.006	0.006-0.06-0.07-0.05
	Vanillic acid	0.0008	0.0008
	Syringic acid	0.0022	0.0022
	Sinapic acid	0.00-0.57	0.00-0.48-0.57-0.48
	p-hydroxybenzoic acid	0.006-0.0014	0.006-0.0014
	p-coumaric acid	0.0056-0.11	0.0056-0.09-0.11-0.10
	3-O-Caffeoyl quinic acid (3-CQA)	0.0019-0.519	0.480-0.268-0.519-0.0019 a
	4-O-Caffeoyl quinic acid (4-CQA)	0.0018-0.118	0.058-0.118-0.091-0.0018 a
	5-O-Caffeoyl quinic acid (5-CQA /CGA)	0.02-3.0501	1.86-2-0.93 a -2.00-0.0591-3.0501-
			0.0591-3.050-2.795-2.364-2.473-
			1.97-1.94-2.08-0.02 a
	Total chlorogenic acid (CGA) isomers	0.0253-70	0.

. The concentration of individual phenolic compounds and total phenolic content represent in sunflower kernels and hulls a available in bibliographic data (g/100g of dry matter)

Table 2 . 6 .

 26 The concentration of individual phenolic compounds represents total phenolic content in rapeseed and hulls a available in bibliographic data (g/100g of dry matter).

	Phenolic compounds	Concentration range Bibliographic data *
	Sinapic acid (SA)	0.017-0.639	0.024-0.059-0.0454-0.017-0.0454-0.639-
			1.837-0.0174-0.0364-0.033-1.110-0.09
	Protocatechuic acid	Trace-0.0612	0.0028 a -0.0612 a -trace
	Ferulic acid	0.0012-0.015	0.0012-0.015
	p-coumaric acid	0.00-trace	0.00-trace
	Caffeic acid	Trace-0.0008	0.0008-trace
	Syringic acid	0.0011-0.0022	0.0022-0.0011
	Vanillic acid	0.0007	0.0007
	p-hydroxybenzoic acid	0.0009-0.0056	0.0009-0.0056
	Sinapine (major) (SP)	0.0005-9.46	0.2861-0.307-0.0005-9.46-1.24
	Sinapoyl glucose (SG)	2.37-4.01	2.37-4.01
	Free phenolic acids content	6.0-26.2	24.

Table 2 .
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	Extracted compounds		Extraction conditions	Main results	Reference
	Sunflower meal SFM)	
	Chlorogenic acid	-water and salt solutions	-pH 8 in water extract, CGA released
	(CGA)	from	(NaCl, CaCl2, and MgCl2	up to 70% in a single extraction
	sunflower meal	solutions)		-NaCl did not affect
	(SFM)		-aqueous organic solvent	-Maximum CGA extracted by organic
			(methanol,	ethanol,	solvent 20% (v/v) in water
			isopropanol, and acetone, 0-
			80%, v/v)	
			-pH 2-8	

7. Methods and solvents used for the extraction of sunflower and rapeseed phenolic compounds.

Table 2 .8. Macroporous resins used in capture phenolic compounds in the literature Resin Pore diameter (Å) Particle size (μm) Surface area (m²/g) Matrix Polarity

 2 

	XAD-	400	250-840	700	SDVB	Non-polar	(Buran et al.,
	1180						2014; Moreno-
							González et al.,
							2020; Sandhu
							& Gu, 2013)
	XAD-	150	250-840	800	SDVB	Non-polar	(Q. Yang et al.,
	1600						2016)
	HP-20	520	300-1250	600	SDVB	Non-polar	(Y. Chen et al.,
		290	250-850				2016; Firdaous
							et al., 2017;
							Idris et al.,
							2017; Leyton et
							al.,	2017;
							Moreno-
							González et al.,
							2020; S. Wu et
							al., 2015a; Q.
							Yang et al.,
							2016)
	HP-100	85-90	300-1250	650-700	SDVB	Non-polar	(Jia & Lu, 2008;
							Lv et al., 2008)
	HP-200	85-90	300-1250	700-750	SDVB	Non-polar	(C. Ma et al.,
							2009)
	HP-500	100-120	300-1250	500-550	SDVB	Polar	(Lv et al., 2008)
	HP-600	100-120	300-1250	500-550	SDVB	Polar	(C. Ma et al.,
							2009)
	HP-800	90-110	300-1250	700-750	SDVB	Moderate-	(M. Gao et al.,
						polar	2007)
	HP-850	85-95	300-1250	1100-1300	SDVB	Polar	(B. Zhang et al.,
							2008)
	HP-	340	> 350	470	Methacrylate	Moderately-	(Y. Chen et al.,
	2MGL					polar	2016; Dong et
							al., 2015a; Guo,
							Guo, et al.,
							2018; L. Sun et
							al., 2013; Q.
							Yang et al.,
							2016)
	NKA-II	145-155	300-1250	160-200	SDVB	Polar	(Chao et al.,
		140-160					2010; Y. Chen
							& Zhang, 2014;
							Guo, Guo, et
							al., 2018; L.
							Sun et al., 2013)
	NKA-9	90-100	300-1250	500-550	170-250	Polar	(Dong et al.,
		155-165		250-290			2015a;	Guo,
							Guo, et al.,
							2018; Ren et al.,
							2017)
	AB-8	130-140	300-1250	480-520	SDVB	Weak-polar (Y. Chen et al.,
				450-530			2016;	Guo,
							Guo, et al.,
							2018; Ren et al.,
							2017; P.-C. Sun
							et al., 2015).
	D101	90-150	300-1250	480-550	SDVB	Non-polar	(Ren et al.,
		100-110		480-520			2017; P.-C. Sun
		130-140					et al., 2015; S.

Table 2 .9. IUPAC classification of pore sizes Pores' types Pore size (D, nm)
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	Ultra-micropores	D < 0.7
	Super-micropores	0.7 < D <2
	Micropores	D < 0.2
	Mesopores	2-50
	Macropores	D > 50

Table 2

 2 

	.10.

Table 2 .10. Adsorption

 2 kinetics mechanisms used to describe the adsorption of phenolic compounds from natural sources in the literature.

	Diffusion

controlled model Resin References Intra-particle diffusion

  

	𝑞 𝑡 = 𝑘 𝑖 𝑡	1 2 + 𝐶		exchanger) AER 1 (Strongly basic anion-	(Firdaous et al., 2017)
	ki: rate constant (mg/gmin 0.5 ) HP-20 (Nonpolar absorber resin)
	C: constant associated with	Hyper-cross-linked polymer	(X. Wang et al., 2004)
	the thickness of the boundary
	layer (mg/g)	
	qt:	adsorption	capacity	XAD7 and HP20 (Nonpolar, SDVB)	(L. Lin et al., 2012)
	(mg/g) at time t (min)
	Pseudo-first-order	
	qt = qe (1-𝑒 -𝑡𝑘 1 )		XAD-7HP (Acrylic ester, weak-polar) (Y. Chen et al., 2016)
	ln(𝑞 𝑒 -𝑞 𝑡 ) = ln 𝑞 𝑒 -𝑘 1 𝑡	FPX-66 (polystyrene-DVB, non-	(Sandhu & Gu, 2013)
						polar)
	qe and qt: adsorption capacity	XAD-16N	(polystyrene-	(Sandhu & Gu, 2013)
	(mg/g) at equilibrium and at	divinylbenzene (DVB)
	time t (min)			AB-8 (weak-polar)	(Y. Chen et al., 2016; Z. P. Gao et al.,
						2013)
	k1 is rate constant (1/min)	Polymeric resin	(D. Kammerer et al., 2005)
						NKA-II (polar resin)	(Y. Chen & Zhang, 2014)
						Non-polar resin (SDVB)	(Leyton et al., 2017)
	Pseudo-second-order
		1 𝑞 𝑡	=	1 𝑘 2 𝑞 𝑒 2 +	𝑡 𝑞 𝑒

2.6.6. Batch adsorption 2.6.6.1. Adsorption isotherms 2.6.6.1.1. Adsorption isotherms definition

  

	temperature or solute concentration or pH
	Adsorption isotherms are defined by adsorbents and adsorbates interaction, in which the
	maximal amount of adsorbate adsorbed onto one unit of adsorbents is quantified in constant of

Table 2 .11. Isotherm models commonly used in literature
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	Model	Equation							Parameter	Description
	One-parameter isotherm						
	Henrry's	qe = KHE Ce							-qe is the amount of the	-simplest adsorption
	Isotherm								adsorbate	at	equilibrium	-fit to the adsorption
									(mg/g)	of	adsorbate	at
									-KHE is Henrry's adsorption	relatively	low
									constant	concentration
									-Ce	is	the	equilibrium
									concentration of the adsorbate
									on the adsorbent
	Two-parameter isotherms					
	Langmuir	𝑞 𝑒 =	𝑄 𝑚𝑎𝑥 𝐾 𝐿 𝐶 𝑒 1 + 𝐾 𝐿 𝐶 𝑒		-KL is Langmuir constant (mg/g) -Ce is the concentration of	Describe homogenous adsorption	the layer
									adsorbate	at	equilibrium
									(mg/g)
									-Qmax is the maximum
									saturated	monolayer
									adsorption	capacity	of
									polyphenol (mg/g)
	Freundlich		𝑞 𝑒 = 𝐾 𝐹 𝐶 𝑒 𝑛		-n is Freundlich intensity	Adsorption	takes
									parameter (0 < n ≤1)	place	on
									-KF constant (	is 𝑚𝑔 𝑔	)/(	𝑚𝑔 𝐿	Freundlich ) 𝑛	heterogonous surfaces
	Temkin	𝑞 𝑒 =	𝑅𝑡 𝑏	𝑙𝑛𝐾 𝑇 +	𝑅𝑇 𝑏	𝑙𝑛𝐶 𝑒	-b is Temkin constant (Jmol -1 ) -KT is Temkin isotherm	Describe interactions of the the
									constant (L/g)	adsorbate-adsorbate
	Hill	𝑞 𝑒 =	𝑛 𝐻 𝑞 𝑆ℎ 𝐶 𝑒 𝑛 𝐻 𝐾 𝐷 + 𝐶 𝑒		qSh: Hill isotherm maximum uptake saturation KD: Hill constant	Describes the binding of different species onto homogeneous
									nH: Hill coefficient	substrates
	Three-parameter isotherms				
	Redlich-Peterson	𝑞 𝑒 =		𝑄 𝑚𝑎𝑥 𝐾 𝑅𝑃 𝐶 𝑒 𝛼 1 + 𝐾 𝑅𝑃 𝐶 𝑒	-KRP constant (L/g) is Redlich-Peterson -α is Redlich-Peterson constant	A Langmuir mix of the and Freundlich models
									(mg/g)-g (0 < α ≤1)	and does not follow
									ideal	monolayer
									adsorption.
	Toth	𝑞 𝑒 =	𝑄 𝑚𝑎𝑥 𝐶 𝑒 𝑛 ) 1/𝑛 (𝐾 𝑇 + 𝐶 𝑒	-n is Toth model exponent (0 < α ≤1) -KT is Toth model constant	More describing useful heterogeneous	in
									adsorption systems.

Table 2 .13. Adsorption

 2 isotherms are commonly used to study the adsorption of phenolic compounds from natural sources.

	Model	Resin		Reference
	Langmuir	SP207	(Brominated	polystyrene/
		divinylbenzene)	

Table 2 .

 2 14. Adsorption capacities reported for phenolic compounds on different resins in litterature.

	Extracted sources Solution			Resins	Adsorption capacity (mg/g) References
	Apple juice	Phenolics			Non-polar	30.07	(D.	R.
			5-CQA			Non-polar	2.38	Kammerer
			4-CQA			Non-polar	0.19	et al., 2007)
			4-Coumaroylquinic acid Non-polar	0.59
			Quercetin			Non-polar	0.09
	Canarium album	Phenolics			Non-polar	110.1-114.1	(He et al.,
						resin		2008)
						Moderately	138.7
						polar	
						Polar	96.9-147.9
	Ginkgo	biloba	Flavonoids			Macroporous	43.0	(J. Li &
	crude extracts				resins		Chase,
								2009)
	Green tea extract	Polyphenols			Macroporous	98	(W. Zhao
						copolymer		et al., 2008)
	Inga edulis leaves	Total phenolics		Macroporous	16-239	(E. Silva et
						resins		al., 2007)
			Total flavonoids		Macroporous	4-64
						resins	
	Orange juice	Limonin			Nonionic	2.56-3.18	(Ribeiro et
						rein		al., 2002)
			Naringin			Nonionic	15.76-34.75
						rein	
	Brown	seaweed	Phlorotannins		SDVB	PGE:	phloroglucinol	(J. Kim et
	Ecklonia cava				nonpolar	equivalents	al., 2014)
							20.1-57.8 mgPGE/ g
						Acrylic ester	54.7 mgPGE/g
						resin	
	Canola/rapeseed	Sinapic acid			SDVB	102.6±11.7	(Moreno-
	meal extracts				nonpolar		González
								et al., 2020)
	Kiwi fruit peel	Polyphenols		(Gallic	Polar	6.15-21.28	(Guo, Guo,
	extracts		acid, chlorogenic acid,	Weak polar	8.01	et al., 2018)
			catechin	acid,	4-	Middle-polar 5.02
			hydroxybenzoic	acid,	Nonpolar	6.11-18.92
			epicatechin,		Rutin,		
			Ferulic acid, Quercetin,		
			Quercitrin)				
	Vaccinium		Flavones			Polar	9.55	(Y. Chen &
	Bracteatum Thunb						Zhang,
	leaves							2014)
	Sweet	potato	Phenolic	compounds	Weak-polar	20.06 mg chlorogenic acid/ g (Xi et al.,
	(Ipomoea batatas	(three di-caffeoyl quinic			2015)
	L.) leaves		acids)				
	Extract of		Chlorogenic acid		Polar	62.47	(B. Liu et
	Eupatorium						al., 2016)
	adenophorium					
	Spreng						
	Helianthus					Polar	7.65-9.82	(P.-C. Sun
	tuberosus L. leaves						et al., 2015)
	extract						
	Scutellariae	Total flavonoids		Weak-polar	60	(M. Gao et
	barbatae herba						al., 2007)
	extract						
	Muscadine (Vitis	Anthocyanins		Non-polar	16.32-27.12	(Sandhu &
	rotundifolia) juice						Gu, 2013)
	pomace						

Table 2 .
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	Extracted sources		Resins	Eluent			References
	Citrus peel juice		XAD4, 7, and 16	Diluted NaOH			(Grohmann et al.,
							1999)
	Olives		Ambertlite XAD	Ethanol			(Bertin et al., 2011)
	Steam	exploded	Ion exchange and	Methanol:Water,	30%	(Fernández-Bolaños
	hydrolyzates of olive by-	nonionic resin	ethanol (v/v)			et al., 2002)
	products					
	Aqueous extract from citrus	Amberlite XAD16	96% ethanol, Ethylacetate	(Grohmann et al.,
							1999)
	Acidic apple pomace extract XAD16	Methanol			(Schieber et al., 2003)
	Brassica oleraceae		XAD7	70% ethanol (v/v)		(Sandhu & Gu, 2013)
	(anthocyanins)					
	Orange peel		Sepabeads SP-70	Water, Acetone: water		(Manthey, 2004)
	Grape pomace extracts	Nonpolar SDVB	Methanol,	ethanol,	2-	(D. Kammerer et al.,
	(anthocyanins)			propanol			2005)
	Olive mill wastewater	XAD-7 and XAD-16 Ethanol : iso-propanol = 1:1 (Agalias et al., 2007)
	(OMWW) (hydroxytyrosol				
	and tyrosol)					
	Canarium album extracts	AB-8	70% ethanol (v/v)		(He et al., 2008)
	Citrus peel water extracts	XAD-7	80% methanol (v/v)		(M.-R. Kim et al.,
							2007)
	Mango peel acid extract	XAD16	Methanol			(Berardini et al.,
							2005)

15. The selective solvent for phenolic compounds recovery from natural extracted sources.

Table 2 .

 2 [START_REF] Sun | Preliminary enrichment and separation of chlorogenic acid from Helianthus tuberosus L. leaves extract by macroporous resins[END_REF] summarizes all the characteristics of response surface methods used to optimize in literature.

Table 2 .
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	Design	Type of factors Factor levels	Number of experiments
	Central composite (CCD)	Numerical Categorical	5	2 k +2k+Co
	Box-Behnken (BBD)	Numerical Categorical	3	2k(k-1)+Co
	Full factorial design at three levels (3-FFD)	Numerical Categorical	3	3 k
	Doehlert design (DD)	Numerical Categorical	Different for each factor	2 k +k+Co
	D-Optimal	Numerical Categorical	Different for each model. Irregular experimental domains.	The selected subset of all possible combinations.
	Note: k: number of factors, Co: number of center points	
	2.11.4.			

16. Characteristics of design of experiments commonly used in literature.

(adapted with modification from L. Vera Candioti et al.

[START_REF] Vera Candioti | Experimental design and multiple response optimization. Using the desirability function in analytical methods development[END_REF]

).

Table 2 .

 2 19. Description of antioxidant activity methods. (Adapted with modifications from M. S. Fernandez-Panchon et al. (Fernandez-Panchon et al., 2008a)).

	Method	Radical	Measurement and	Result	Samples	References
			method	expression		
	DPPH	DPPH .	-Decrease of DPPH .	EC50	Phenols,	(Brand-
			-Spectrophotometry	(sample	foods	Williams et
				amount		al., 1995;
				reduce		Sánchez-
				DPPH . to		Moreno et
				50%)		al., 1998)
	ABTS	ABTS .+	-Decrease of	Equivalents	Phenols,	(Alonso et
			ABTS .+	of	foods,	al., 2002;
				TROLOX	biological	Cano et al.,
					samples	1998)
	ORAC	AAPH/H2O2-	-Inhibition of	Equivalents	Phenols,	(Cao &
		Cu 2+ / CuSO4	fluorescence	of	foods,	Prior,
			decrease of PE or	TROLOX	biological	1999)
			FL		samples	
	Luminol-photo-	Luminol .	-Inhibition of	Equivalents	Biological	(Alho &
	chemiluminescence		quimioluminiscence	of	samples	Leinonen,
	(PCL) Assay		-	TROLOX		1999)
			Quimioluminiscence			
	β-carotene linoleic acid	ABAP	-Inhibition of crocin	Equivalents	Biological	(Lussignoli
	bleaching Assay (or		oxidation	of	samples	et al.,
	Crocin-Bleaching		-Spectrophotometry	TROLOX		1999)
	Assay)					
	FRAP		-Spectrophotometry	µmol Fe 2+ /	Foods,	(Benzie &
			-Reduction (TPTZ-	L	biological	Strain,
			Fe 3+ to TPTZ-Fe 2+ )		samples	1996)
			-Spectrophotometry			
	TRAP	ABAP	-Consumed oxygen	Equivalents	Foods,	(Wayner et
			-Oxygen electrode	of	biological	al., 1985)
				TROLOX	samples	

Note : TRAP: Total radical-trapping antioxidant potential, ORAC: Oxygen radical absorbance capacity, DPPH: 2,2-diphenyl-1-picrylhydrazyl, ABTS : 2,2'-azinobis

(3-ethylbenzothiazoline-6-sulfonic acid)

, FRAP : Ferric reducing ability of plasma, AAPH : 2,2'-diazobis (2-amidinepropane) dihydrochloride, ABAP : 2,2'-azobis (2amidinopropane) dihydrochloride, PE : phycoerythrin, FL :fluorescein, TPTZ

: 2,3,3,5,7, 

Table 2 . 20

 220 

	Mediator	Classification	Origin	Main functions and characteristics
	Lysosome granules Enzymes	Granulocytes	Contain abundant enzymes acting as
				inflammatory mediators.
	Histamine	Vasoactive	Mast cells,	Histamine is liberated in the inflammatory
		amine	basophils, platelets	response and stored in granules.
	IFN-γ	Cytokine	T-cells, NK cells	-Antiviral, immune-regulatory, and anti-
				tumor properties.
				-A vital role in the maintenance of chronic
				inflammation.
	IL-8	Chemokine	Macrophages	-Activation and chemo-attraction of
				neutrophils.
				-Slightly affect monocytes and eosinophils.
	Leukotriene B4	Eicosanoid	Leukocytes	-Mediates leukocyte adhesion and
				activation.
				-A chemoattractant in neutrophils.
				-Induces the production of reactive oxygen
				species and of lysosomes.
	Nitric oxide	Soluble gas	Macrophages,	-A potent vasodilator.
			endothelial cells,	-Relaxes smooth muscle, reduces platelet
			some neurons	aggregation.
				-Support for leukocyte recruitment.
				-Antimicrobial capacity in high
				concentrations.

. Examples of cell-derivated mediators.

(Reproduced with modifications from Internet, en.wikipedia.org/Inflammation retrieved).

Table 2 .21. Phenolic

 2 compounds act as natural anti-inflammatory agents in vitro and in vivo.(Adapted with modifications from Costa G. et al.[START_REF] Costa | Intracellular Signaling Pathways Modulated by Phenolic Compounds: Application for New Anti-Inflammatory Drugs Discovery[END_REF] and updated with recent literature).

	Phenolic	Mechanism action	Experimental	References
	compounds		condition	
	Phenolic derivates			
	Tyrosol	Inhibition of:	IFN-γ stimulated	(De Stefano et al., 2007)
		-NF-κB binding to DNA, iNOS,	RAW 264.7	
		and NO production.	macrophages.	
		-COX-2 levels and PGE2		
		production.		
		-LTB4 production.	Rat peritoneal	(de la Puerta et al., 1999)
			leukocytes	
			stimulated with	
			calcium ionophore	
			A23187	

Table 2 .

 2 22.Examples of in vitro anti-inflammatory effects of plant phenolic fractions.(Adapted with modifications from Zhu F.., Bin D., and Baojun X. (F.[START_REF] Zhu | Anti-inflammatory effects of phytochemicals from fruits, vegetables, and food legumes: A review[END_REF] and updated with recent literature).

	Sources	Mechanism of actions	Experimental model	References
	Polyphenols from the	Inhibit the production of	LPS-activated BV2	(Lau et al., 2007)
	blueberry extract	NO, IL-1β, and TNF-α	microglial cells	
	Zerumbone and 3-O-	Inhibit NO and PGE2	RAW 264.7	(Chien et al., 2008)
	methyl kaempferol from	production, iNOS	macrophages	
	ginger	expression		
	Flavonoids and	A potent inhibitor of the	RAW 264.7	(Romier et al., 2008)
	hydrolyzable tannins	pro-inflammatory	macrophages	
	from pomegranate peels	cytokine, reduces the		
	extracts	production of NO and		
		PGE2		
	Flavones from Acai fruit Anti-inflammatory	RAW 264.7	(J. Kang et al., 2011)
		capacity	macrophages	
	Phenolic compounds	Inhibition of proteasome,	RAW 264.7	(Francisco et al., 2013)
	from Cymbogng citratus	NF-B pathway, and	macrophages	
	leaves extract	cytokine expression		
	Quince peel polyphenols	Inhibition of TNF-α	THP-1 macrophages	(Essafi-Benkhadir et al.,
	extract	secretion		2012)
	Procyanidin extract from	Inhibition of NO	RAW 264.7	(Terra et al., 2007)
	grape seeds	production, PGE2	macrophages	
		synthesis		
	Sida rhombifolia Linn.	Inhibition of NO	RAW 264.7	(Mah et al., 2017)
	(Malvaceae) extract	production	macrophages	
	Sonchus oleraceus L.	Suppress the expression	RAW 264.7	(Y. Li et al., 2017)
	(Asteraceae)	of TLR-4, COX-2, NF-	macrophages	
		κB, and pSTAT		
	Thymus zygis subsp.	Reduce NO release	RAW 264.7	(A. M. Silva et al., 2020)
	zygis an Endemic		macrophages	
	Portuguese Plant			

Table 4 . 1 .

 41 Properties of XAD 7, XAD 16, XAD 4, XAD 1180 and HP 20 

	Resins	Material	Polarity	Specific surface (m²/g)	Pore (Å)
	XAD4	SDVB *	Non polar	725	50
	XAD7	Acrylate	Polar	450	90
	XAD16	SDVB	Non polar	900	100
	XAD1180	SDVB	Non polar	600	300
	HP20	SDVB	Non polar	500	260
	SDVB * : Styrene-divinyl benzene			

Table 4 . 2 .

 42 Composition of the liquid by-product.

	Component	Compound	Proportion (%)
		Chlorogenic acid, CGA (5-CQA) % dm	1.13 ± 0.21
	Liquid by-	NaCl % dm	87.67 ± 11.93
	product	Total carbohydrates % dm	3.53 ± 1.98
	(UF permeate)	Nitrogen containing molecules (N x 5.6) % dm	0.11 ± 0.02
		Ash % dm	7.56 ± 0.70

Table 4 .

 4 2 presents the proximate composition of the permeate dry matter. The high content in NaCl (87 ± 11.93 %) was consistent with a large amount of NaCl either for the protein extraction step

Table 4 . 3 .

 43 Equations and parameters for the adsorption kinetic models of CGA obtained with the XAD7 and XAD16 resins.

	Kinetic model	Linear form		Plot		Parameter	XAD 7	Resin	XAD 16
											-0.082	-0.053
	Pseudo-first-order	ln(𝑞 𝑒 -𝑞 𝑡 ) = ln 𝑞 𝑒 -𝑘 1 𝑡	ln(𝑞 𝑒 -𝑞 𝑡 ) vs .t		𝑘 1 (1/𝑚𝑖𝑛) 𝑞 𝑒.𝑒𝑥𝑝 (𝑚𝑔/𝑚²) 𝑞 𝑒.𝑐𝑎𝑙 (𝑚𝑔/𝑚²) R²	0.0273 0.016 0.971	0.017 0.01 0.982
											0.036	0.057
	Pseudo-second-order	1 𝑞 𝑡	=	1 𝑘 2 𝑞 𝑒 2 +	𝑡 𝑞 𝑒	1 𝑞 𝑡	𝑣𝑠. 𝑡	𝑘 2 (𝑚 2 / (𝑚𝑔. 𝑚𝑖𝑛) 𝑞 𝑒.𝑒𝑥𝑝 (𝑚𝑔/𝑚²) 𝑞 𝑒.𝑐𝑎𝑙 (𝑚𝑔/𝑚²) R²	0.0273 0.0274 0.9999	0.017 0.017 1
											0.0024	0.0017
										𝐾 𝑖,1 (𝑚². 𝑚𝑔 -1 . 𝑚𝑖𝑛 -1/2 )	0.014	0.0074
	Intra-particle diffusion	𝑞 𝑡 = 𝑘𝑡	1 2 + 𝐶	𝑞 𝑡 𝑣𝑠. 𝑡	1 2	𝐶 1 (𝑚𝑔/𝑚²) R² 𝐾 𝑖,2 (𝑚². 𝑚𝑔 -1 . 𝑚𝑖𝑛 -1/2 ) 𝐶 2 (𝑚𝑔/𝑚²)	0.9829 0 0.027	0.9848 0 0.016
	4.2.3.4.	Adsorption isotherms		

Table 4 . 4 .

 44 Adsorption isotherm models and parameters for the phenolic compound obtained with the two resins selected XAD7 and XAD16.

	Isotherm model	Non-linear form	Parameter		Constraint	XAD 7	Resin	XAD 16
				𝑄 𝑚𝑎𝑥 (𝑚𝑔/𝑚²)		0.054	0.040
	Langmuir	𝑞 𝑒 =	𝑄 𝑚𝑎𝑥 𝐾 𝐿 𝐶 𝑒 1 + 𝐾 𝐿 𝐶 𝑒	𝐾 𝐿 (𝐿/𝑚𝑔) R²			0.026	0.021
					𝑅 2				0.9899	0.9586
	Freundlich	𝑞 𝑒 = 𝐾 𝐹 𝐶 𝑒 𝑛	𝐾 𝐹 (	𝑚𝑔 𝑚²	)/( n	𝑚𝑔 𝐿	) 𝑛	0 < n ≤ 1	0.007 0.358	0.003 0.445
					R²				0.8690	0.9119
	4.2.3.5.									

Table 4 . 5 .

 45 Isotherm and thermodynamic parameters of phenolic compound adsorption on XAD7 and XAD16 at 25°C, 35°C and 45°C.

			Isotherm parameter	
								Thermodynamic parameter
	Resin	Temperature ( 0 C/ K)	KL	Langmuir model Qmax (mg/m²)	R 2	ΔH (kJ/mol)	ΔG (kJ/mol K)	ΔS (kJ/mol K)
	XAD7	25/298.15	1.923	0.13	0.9945		-2.235
		35/308.15	1.543	0.12	0.9994	-37.75	-1.044	-0.119
		45/318.15	0.142	0.09	0.9998		0.147
	XAD16	25/298.15	1.923	0.19	0.9994		-1.932
		35/308.15	1.543	0.09	0.9982	-22.47	-1.243	-0.068
		45/318.15	0.142	0.07	0.9997		-0.554
	4.2.3.6.	Desorption of CGA on XAD7 and XAD16

Table S4 .1. Retention time (tR) and MS data of the peaks detected by HPLC-DAD and HPLC-MS in permeate and hydrolyzed permeate from rapeseed meal.

 S4 

	Peak	Compound identity	tR (min)	m/z	Molecular weight
	1	Sinapine	18.94	310 [M-H] +	310
	2	Sinapoyl glucose	23.31	385 [M-H]-	386
	3	1,2-di-sinapoyl gentiobise	28.33	753 [M-H]-	754
	4	Sinapic acid	31.68	223 [M-H]-	224

Table S4 . 2 .

 S42 Kinetic parameters for sinapine adsorption onto XAD16 resin.

	Kinetic model		Equation		Parameter	Sinapine
	Pseudo-first-order (PFO)	ln(𝑞 𝑒 -𝑞 𝑡 ) = ln(𝑞 𝑒 ) -𝑘 1 𝑡	k1 (1/min)	0.0627
						qe,exp (mg/g)	13.532
						qe,cal (mg/g)	3.83
						R²	0.9381
	Pseudo-second-order (PSO)	1 𝑞 𝑡	=	1 𝑘 2 𝑞 𝑒 2 +	𝑡 𝑞 𝑒	k2 (g/mg x min) qe,exp (mg/g) qe,cal (mg/g)	0.0733 13.532 13.544
						R²	1
	Intra-particle diffusion	𝑞 𝑡 = 𝑘𝑡 0.5 + 𝐶	ki,1 (mg/g)/min 0.5	1.0321
						C1 (mg/g)	8.9921
						R²	0.9828
						ki,2 (mg/g)/min 0.5	0
						C2 (mg/g)	13.532

Table S4 . 3 .

 S43 Adsorption isotherm equation and parameters of sinapine adsorption onto XAD16 resin.

	Isotherm model	Parameter	Sinapine
	Langmuir	Qmax (mgSAE/g)	35.93
	𝑄 𝑚𝑎𝑥 𝐾 𝐿 𝐶 𝑒 1 + 𝐾 𝐿 𝐶 𝑒 Freundlich 𝑞 𝑒 =	KL (L/ mg) R² KF (mg/g)/ (mg/L) n	124.29 0.997 0.1988
	𝑞 𝑒 = 𝐾 𝐹 𝐶 𝑒 𝑛	n	0.9987
		R²	0.996

Table S4 . 4 .

 S44 Thermodynamic parameters of sinapine adsorption onto XAD16 at 25°C, 35°C and 45°C.

	Phenolic compound	Temperature (°C/K)	ΔS	ΔH	ΔG
			(kJ/molK)	(kJ/mol)	(kJ/mol)
	Sinapine	25/ 298.15			-13.34
		35/ 308.15	-55.95	-2.56	-17.28
		45/ 318.15			-15.56

Table 5 .

 5 A1. Coded factors and experimental design levels for responses surface.

	Factor	Unit	Coded symbol	Coded variable levels -1 0	1
	Adsorption flow rate	BV/ h	𝑋 1	5	10	15
	pH		𝑋 2	2	3.5	5

Table 5 . 1 .

 51 Regression coefficients of the predicted polynomial models for productivity and recovery. constant b coefficient of the linear effect of adsorption flow rate c coefficient of the linear effect of pH d coefficient of the quadratic effect of adsorption flow rate e coefficient of the quadratic effect of pH f interaction coefficient of adsorption flow rate and pH g residual standard deviation

	Regression			Response	
	coefficient				
			Y1 (Dynamic binding	Y2 (Productivity,	Y3 (Recovery, %)
			capacity, mg/g)	mg/g/min)	
	Unscaled	βo a	109.19	0.10	-139.43
		β1 b	-4.31	0.018	-0.68
		β2 c	-29.89	-0.05	147.49
		β11 d	0.085	-0.0003	0.07
		β22 e	2.39	0.0075	-21.53
		β12 f	0.44	-0.0023	-0.67
	Scaled and centered	βo	14.71	0.083	89.56
		β1	-5.35	0.018	-8.38
		β2	-13.11	-0.032	-14.85
		β11	2.12	-0.0080	1.67
		β22	5.38	0.017	-48.44
		β12	3.30	-0.018	-5.003
	Statistic model				
	parameter				
	R²		0.996	0.996	0.93
	RSD g		1.005	0.003	11.09
	Regression p-value		0.00	0.00	0.007
	Lack of fit		0.28	0.22	0.877

a

Table 5 .4. IC50 values deduced from the DPPH and ABTS assays.

 5 

Table S5 . 1 .

 S51 ). Regression parameters (unscaled and scaled), and statistical verification of model performances using ANOVA test are listed in TableS5.1. Regression coefficients of the predicted polynomial models for dynamic binding capacity, productivity, and recovery. constant, b coefficient of the linear effect of adsorption flow rate, c coefficient of the linear effect of pH, d coefficient of the quadratic effect of adsorption flow rate, e coefficient of the quadratic effect of pH, f interaction coefficient of adsorption flow rate and pH, g residual standard deviation

	Regression coefficient			Response	
			Y1 (Dynamic binding capacity,	Y2 (Productivity,	Y3 (Recovery,
			mg/g)	mg/g/min)	%)
	Unscaled	βo a	94.466	0.00385	59.281
		β1 b	1.36117	0.0116	1.70802
		β2 c	-38.8971	-	-
		β11 d	-0.130766	-0.00052	-
		β22 e	5.59018	-	-
		β12 f	-0.130436	-	-
	Scaled and centered	βo	22.7756	0.07065	76.6819
		β1	-8.55335	0.006	8.54012
		β2	-1.60539	-	-
		β11	-3.26915	-0.01148	-
		β22	12.5779	-	-
		β12	-0.978272	-	-
	Statistic model parameter				
	R²		0.83	0.72	0.73
	RSD g		5.8886	0.00426	4.454
	Regression p-value		0.025	0.01	0.001
	Lack of fit		0.09	0.156	0.466
	𝑌 1(𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑏𝑖𝑛𝑑𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑎𝑡 10%,𝐷𝐵𝐶10) = 94.446 + 1.36117𝑋 1 -38.8971𝑋 2 -0.1308𝑋 1 2 + 5.5902𝑋 2 2 -
	0.1304𝑋 1 𝑋 2 (S5.1) 𝑌 2(𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦) = 0.00385 + 0.0116𝑋 1 -0.00052𝑋 1 2 (S5.2)		
	𝑌 3(𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦) = 59.281 + 1.70802𝑋 1 (S5.3)		
	where:				
	𝑋 1 is the adsorption flow rate (BV/ h)		
	𝑋 2 is pH				

a

Table S5 . 2 .

 S52 Comparison between the predicted and experimental values in the dynamic adsorption process.

	Condition	Response value Productivity (mgSAE/g/min)	Recovery (%)
	Predicted value	0.069	62.69
	Experimental value	0.06 ± 0.0002	67.88 ± 3.45

Table S5 .

 S5 

3. IC50 values deduced from the DPPH and ABTS assays.
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6.2.2. Results and discussion 6.2.2.1. Characterization of the ultrafiltration (UF) permeate from rapeseed protein isolate production and effect of the acidic hydrolysis 6.2.2.1.1. Identification of phenolic compounds in the ultrafiltration (UF) permeate

  

	Figure 6.2A shows the SE-HPLC chromatogram at 325 nm of the ultrafiltration (UF) permeate.
	This permeate was obtained from a rapeseed albumin isolate production process recently patented
	(Albe-Slabi et al., 2021; Defaix et al., 2020). A main peak can be observed at 18.94 min of retention
	time alongside with marginal signals at 23.31, 28.33 and 31.68 min. ESI-MS analysis revealed that this
	peak contained molecules with m/z of 310 (positive mode), 385, 753, and 223 (negative mode) (

Table 6 .

 6 [START_REF]Total antioxidant activity measured by chemiluminescence methods[END_REF]. This corresponded to sinapine (SP), sinapoyl glucose (SG), 1,2-di-sinapoyl gentiobise, and sinapic acid (SA) respectively. The identification of sinapine and sinapic acid was confirmed by injection of standards.[START_REF] Khattab | Determination of Sinapic Acid Derivatives in Canola Extracts Using High-Performance Liquid Chromatography[END_REF]) also identified SP, SA, and SG from canola / rapeseed organic solvents extracts such as 70% ethanol, 70% methanol, or 70% iso-propanol (v/v). In the UF permeate, SP, other identified SA esters and SA represented 59.78%, 21.66% and 2.84% in proportion

Table 6 . 2 .

 62 Parameters of the calibration curves for pure sinapine and sinapic acid.

	Phenolic Compounds	Regression Coefficient (R²)	LOD (µg/mL)	LOQ (µg/mL)
	Sinapine	0.9998	0.25	0.60
	Sinapic acid	0.9984	0.25	0.60

Table 6 . 3 .

 63 Kinetic parameters for sinapine and sinapic acid adsorption onto XAD16 resin in nonhydrolyzed and hydrolyzed permeates.

	Kinetic model	Equation			Parameter	Phenolic compound
							Sinapine	Sinapic acid
	Pseudo-first-order	ln(𝑞 𝑒 -𝑞 𝑡 ) = ln(𝑞 𝑒 )	k1 (1/min)	0.0627	0.0619
	(PFO)				-𝑘 1 𝑡	qe,exp (mg/ g)	13.532	3.861
						qe,cal (mg/ g)	3.83	0.29
						R²	0.9381	0.8113
	Pseudo-second-order (PSO)	1 𝑞 𝑡	=	1 𝑘 2 𝑞 𝑒 2 +	𝑡 𝑞 𝑒	k2 (g/mg x min) qe,exp (mg/ g) qe,cal (mg/ g)	0.0733 13.532 13.544	0.2587 3.861 3.861
						R²	1	1
	Intra-particle	𝑞 𝑡 = 𝑘𝑡 0.5 + 𝐶	ki,1 (mg/g)/min 0.5	1.0321	0.09
	diffusion					C1 (mg/g)	8.9921	3.5118
						R²	0.9828	0.9639
						ki,2 (mg/g)/min 0.5	0	0
						C2 (mg/g)	13.532	3.861

Table 6 .

 6 4. Adsorption isotherm equation and parameters of sinapine, and sinapic acid adsorption onto XAD16 resin.

	Isotherm model	Parameter	Phenolic compound
			Sinapine	Sinapic acid
	Langmuir	Qmax (mgSAE/ g)	35.93	23.96
	𝑄 𝑚𝑎𝑥 𝐾 𝐿 𝐶 𝑒 1 + 𝐾 𝐿 𝐶 𝑒 Freundlich 𝑞 𝑒 =	KL (L/ mg) R² KF (mg/g)/ (mg/L) n	124.29 0.997 0.1988	0.076 0.9999 0.1562
	𝑞 𝑒 = 𝐾 𝐹 𝐶 𝑒 𝑛	n	0.9987	0.9892
		R²	0.996	0.9978

Table 6 . 5 .

 65 Thermodynamic parameters of sinapine and sinapic acid adsorption onto XAD16 at 25°C, 35°C and 45°C.

	Non

-hydrolyzed permeate Temperature (°C/K) ΔS (kJ/molK) ΔH (kJ/mol) ΔG (kJ/mol)

  

	Sinapine	25/ 298.15			-13.34
		35/ 308.15	-55.95	-2.56	-17.28
		45/ 318.15			-15.56
	Sinapic acid	25/ 298.15			-0.267
		35/ 308.15	-8.37	-2.72	-0.08
		45/ 318.15			-0.03
	6.2.2.5.			

Table 6 . 6 .

 66 IC50 values of compounds tested using the DPPH and ABTS assays Different letters in the same column for the IC50/ DPPH and IC50/ ABTS indicate significant differences (p < 0.005) between individual sample treatments.

	Antioxidant	IC50/ DPPH (µg/mL)	IC50/ ABTS (µg/mL)
	N fraction	10.05 ± 0.025a	22.70 ± 0.021a
	H fraction	4.26 ± 0.012b	10.60 ± 0.029b
	Sinapine standard	7.58 ± 0.017c	17.98 ± 0.016c
	Sinapic acid standard	2.16 ± 0.001d	5.51 ± 0.010d
	Vitamin C	7.27 ± 0.019e	36.31 ± 0.021e

Table 6 .

 6 7. Characteristics of the resins used in this study.

	Resins	Material	Polarity	Specific surface (m²/g)	Pore (Å)
	XAD 4	SDVB *	Non-polar	725	50
	XAD 7	Acrylate	Polar	450	90
	XAD 16	SDVB	Non-polar	900	100
	XAD 1180	SDVB	Non-polar	600	300
	HP 20	SDVB	Non-polar	500	260
	SDVB * : Styrene-divinyl benzene			
	6.2.3.2.				
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General scientific approaches

This chapter presents the general scientific approaches to fulfill this Ph.D. project. This work was divided into two main parts (Part I: extraction, characterization, and batch adsorption and Part II:

Dynamic adsorption and bioactive functions of the phenolic fractions), to conduct the objectives of this project as mentioned in chapter 1. Figure 3.1 illustrates the experimental design and general scientific approaches of this project. 

Part I: Extraction, characterization, and batch adsorption

In this part, the general scientific approach was illustrated as in the Figure 3.2. The objectives were to: 1) produce the liquid effluent (permeate) as a by-product of proteins isolation/ purification process, 2) identify/determine phenolic compounds in these by-products, 3) select the appropriate macroporous resins for further studies, and 4) understand the mechanism of phenolic compounds adsorption onto selected resin.

macrophages from the inflammation or could act as inhibitors of inflammatory process. These results

were concluded based on the TNF-α production level using human TNF-α quantikine ELISA kit. In any cases, the differentiated THP-1 cell viability was determined using the crystal violet. The phenolic fractions which show non-cytotoxicty and inhibit the TNF-α production level are promising agents to moderate inflammation. We previously reported in chapter 4 that CGA and SP were shown to be the main phenolic compounds of SFM and RSM proteins isolate by-product. Batch adsorption study revealed that CGA was most favorably captured by XAD7 resin from aqueous by-product of protein extraction/purification.

Besides, XAD16 showed the highest captured capacity of TPC and SP. Therefore, in this chapter, XAD7 and XAD16 were used to pack into column for purification process of CGA and TPC/SP.

There is limited information on CGA/ TPC capture by adsorption column (dynamic adsorption) that are used in industrial applications. Dynamic adsorption is particularly complex since it implies many operating conditions (flow rate, adsorption pH, desorption flow rate, composition of the desorption eluent) and antagonist performance criteria (purity, recovery, and productivity). This makes it difficult to identify the optimal conditions for the CGA/TPC capture. Moreover, the desorption is generally carried out using ethanolwater solvent with different ethanol proportion. Most of these previous studies in the literature were carried out using one factor at a time or design of experiments optimization methods, but were aimed at maximizing a single criterion (most often the dynamic binding capacity). Thus, to our knowledge, no study integrates the productivity as a performance criteria, which is crucial for industrial applications. Considering that productivity is antagonist of the binding capacity, the so-called optimized conditions reported in literature are most probably far from the best trade-off.

The purposes of this chapter was to study and optimize the capture process and investigate their potential of valorization in biomedical (anti-infammation) and food safety (anti-oxidant). The scientific approach followed was divided into three major steps as shown in Figure 3.4.

Firstly, the effect of adsorption flow rate and pH on dynamic binding capacity, productivity and recovery was investigated by design of experiments (DoE). Then, a multiobjective optimization method of this step was proposed based on the DoE models. This step allowed to determine the optimal conditions for column adsorption.

Secondly, concerning the desorption step, the effect of the ethanol concentration on both CGA/TPC purity and recovery was considered. This step allowed to determine the best eluent for desorption step.

Finally, the antioxidant activity of the fraction obtained in the set of optimal conditions was compared to CGA/SP standard and vitamin C. The anti-inflammatory activity was evaluated using a classical model [START_REF] Chanput | THP-1 cell line: An in vitro cell model for immune modulation approach[END_REF]; the release of the TNF-α pro-inflammatory cytokine.by lipopolysaccharide (LPS) treated THP-1 macrophages. These last studies allowed to demonstrate a protective effect of this fraction against a future inflammation. This property could be valorized in the veterinary and human well-being fields and its antioxidant properties in the food industry.

The work of this part of the thesis has been valorized in the form of the article "Multicriteria optimization of phenolic compounds capture from a sunflower protein isolate production process Multi-objective optimization was used to identify optimal conditions of the adsorption process, i.e. that give the maximum yield of CGA. The best conditions were identified based on the highest productivity at a fixed recovery of 80%. These studies indicated that the optimum is reached with an adsorption flow rate of 15 BV/h at pH 2.7. Experimental results were then compared to predicted values given by modeling (Table 5.2). Experimentally-determined productivity and recovery were 0.128 ± 0.19 mg/g/min and 78.77 ± 3.61%, respectively. Predicted values were quite comparable to observed values as they were within the 95% confidence level. These results indicate that the regression models appropriately fitted experimental data. Therefore, the adsorption flow rate of 15 BV/ h and the pH value of 2.7 were chosen as optimal for the dynamic adsorption process.

Dynamic desorption step

The last criterion to integrate for optimization of adsorption is the purity of the fraction. This criterion is known to depend essentially on desorption conditions (i.e. the desorption solvent composition). Therefore, an appropriate solvent for CGA desorption had to be evaluated and selected after optimization of dynamic adsorptions. Ethanol has the advantages of being low-cost and ecofriendly. It was therefore used as eluent in this study. During the desorption process, ethanol concentration varied from 30% to 90%. The desorption flow rate was fixed at 120 BV/h as recommended by the manufacturer. This study presents an effective way to separate and purify CGA from an industrial liquid byproduct resulting from a sunflower protein isolate process. Optimal conditions, based on the response surface methodology for the enrichment of phenolic compounds from sunflower meal, were defined as follows using the XAD7 resin: adsorption flow rate of 15 BV/h, pH 2.7, desorption with EtOH 50%.

These conditions successfully generated enough product, with a purity of 76.05 ± 0.004% and without using toxic solvents, to evaluate its antioxidant and anti-inflammation properties. The DPPH and ABTS assays showed that the obtained fraction was a more powerful radical scavenger than vitamin C.

Furthermore, this fraction showed no cytotoxicity on a human macrophage cell line and reduced LPSinduced TNF- production by 22%. We therefore propose valorizing this abundant effluent to produce a natural phenolic compound, CGA, which possesses antioxidant and anti-inflammatory properties, but no cytotoxic effects.

Rapeseed phenolic compound adsorption on columns and assessement of their bioactivities

We previously reported that macroporous XAD16 resin was the most suitable for capturing sinapine and total phenolic contents in the by-product protein isolate. Similarly, the effect of adsorption flow rate and pH on dynamic binding capacity, productivity, and recovery of phenolic compounds was investigated by design of experiments (DoE). Then, modeling to find the optimal condition for the adsorption process by DoE models. Regarding the desorption step, the effect of ethanol concentration in both phenolic compounds purity and recovery was also evaluated. The obtaining phenolic fraction based on the optimal adsorption conditions was used to test antioxidant activity compared to pure sinapine (standard) and vitamin C. The anti-inflammatory activity was investigated by measuring the tumor necrosis factor alpha (TNF-α) production by lipopolysaccharide (LPS) treated THP-1 macrophages [START_REF] Chanput | THP-1 cell line: An in vitro cell model for immune modulation approach[END_REF]. The biological properties of phenolic compounds could be valorized in the food industry. 

Effect of pH and flow rate on dynamic binding capacity, recovery, and process productivity

In a previous report, XAD16 macroporous resin showed the best resin for phenolic compounds capture from an aqueous by-product yielded by a rapeseed protein isolate process [START_REF] Le | Identification and Capture of Phenolic Compounds from a Rapeseed Meal Protein Isolate Production Process By-Product by Macroporous Resin and Valorization Their Antioxidant Properties[END_REF]. In the current study, the dynamic adsorption of phenolic compounds on XAD16 column from the same by-product was investigated using the design of experiment (DoE) methodology. The effects of adsorption flow rate and the pH of liquid effluent on the resin dynamic binding capacity (DBC10), process productivity, and recovery were taken into account. The adsorption flow rate was taken into consideration because it is reported to impact dynamic adsorption (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF][START_REF] Yang | Identification and Determination of Phenolic Compounds in Rapeseed Meals (Brassica napus L.)[END_REF]. The effect of pH was also reported as a factor impacting the adsorption of phenolic compounds from RSM onto the hydrophobic bed (Moreno- González et al., 2020). Therefore, Besides, regression p-values (0.025 for dynamic binding capacity, 0.01 for productivity, and 0.001 for recovery, < 0.05) and lack of fit (with p > 0.05) confirmed the high accuracy for predictive these models. These results suggested a good fitted and reliability of models for prediction of the assessed process. value, this trend is observed (Le, et al., 2021). This phenomenon can be explained by the reduced diffusional limitations inside resin pores at low flow rate (Le, , et al., 2021). In the past, the adsorption of chlorogenic acid onto macroporous resin has been observed at flow rate ranging from 1 to 3 BV/h because of highest dynamic binding capacity (B. [START_REF] Liu | Enrichment and separation of chlorogenic acid from the extract of Eupatorium adenophorum Spreng by macroporous resin[END_REF][START_REF] Xi | Preparative purification of polyphenols from sweet potato (Ipomoea batatas L.) leaves by AB-8 macroporous resins[END_REF]. However, it can be highlighted that in this case, DBC10 is only increased by 53.26% at pH 2 when the flow rate is varied from 15 to 5 BV/h. In the previous study, we observed a 41.5% increase with chlorogenic acid from sunflower meal (Le, , et al., 2021;Le,, et al., 2021). Meanwhile, according to Weisz et al. [START_REF] Weisz | Sustainable sunflower processing-I. Development of a process for the adsorptive decolorization of sunflower [Helianthus annuus L.] protein extracts[END_REF], the increasing is observed by 80% when flow rate was decreased from 7 to 3 BV/h. Moreover, DBC10 at pH 5 and 5BV/h reached close (61.43%) to maximal TPC binding capacity (Le, et al., 2021;Le, et al., 2021). Interestingly, the kinetic adsorption of TPC on XAD16 resin showed a strong intra particle diffusion (diffusional limitation was observed for about 16% of the total resin (Le, et al., 2021;Le, et al., 2021). This behavior could explain the slightly effect of the flow rate on TPC DBC10 on XAD16 resin. On the other hand, the antioxidant of N fraction showed 1.6 times higher than the antioxidant of vitamin C at 20µg/mL, as determined by ABTS assay (Figure S5.3B). Moreover, as shown in Table S5.3, the IC50 scavenging capacities of N fraction, pure sinapine, and vitamin C were 10.60, 17.98, and 36.31 µg/mL, respectively. Results showed that the anti-oxidant ability of N fraction > pure sinapine > vitamin C (*p < 0.05). The results finding in this study showed the potential of phenolic compounds of by-product protein isolate from rapeseed meal in the free radical scavenging activities. This antioxidant activity can be explained by the presence of the number of hydroxyl groups (-OHs) directly attached to the aromatic ring and the electron-donating activity of the phenolic compounds (Le, et al., 2021;Le, et al., 2021;[START_REF] Montoro | Structure-antioxidant activity relationships of flavonoids isolated from different plant species[END_REF]. The antioxidant activity of phenolic compounds in rapeseed oil had been found in the report of Satu Vourela et al. [START_REF] Vuorela | Impact of isolation method on the antioxidant activity of rapeseed meal phenolics[END_REF]. However, the antioxidant properties of phenolic compounds from rapeseed meal have never been published in our knowledge (Le, et al., 2021). Our previous study also showed the potential of phenolic compounds from by-product protein isolate from rapeseed meal (Le, et al., 2021). Thus, these compounds can be considered as natural antioxidants in food applications.

Cytotoxicity and anti-inflammatory activity of the phenolic fraction

THP-1 cells differentiation into macrophages was used to investigate the phenolic fraction (N fraction) effects on cell viability and LPS-induced pro-inflammatory response as in our previous study with phenolic compounds from sunflower meal (Le, et al., 2021). Sinapine (SP) was used as the reference in these biological experiments due to their major component (50.81% SP in N fraction (Le, et al., 2021). The experiments were divided into two conditions. First, pre-incubating differentiated THP-1 cells with 100 ng/ mL of LPS to induce a pro-inflammatory cytokine such as TNF-α and add the N fraction after 1h concentrations corresponding to 50 or 100 µM of SP. Second, to investigate an anti-inflammatory potential, we incubated THP-1 cells with N fraction corresponding to 50 or 100 µM of SP and added 100 ng/ mL of LPS after 1h. In both cases, cells viability and TNF-α production level was estimated after 24h treatment. (v/v).

In vitro antioxidant activity

The free radical scavenging rate of DPPH was determined to assess the antioxidant activity of the non-hydrolyzed and hydrolyzed fractions by comparison to pure SP, SA and vitamin C. As shown in Figure 6.10A, scavenging rate increased with the concentration of non-hydrolyzed fraction (N fraction). The same was observed for the hydrolyzed fraction (H fraction) but in this case, interestingly, we observed scavenging rates higher than the ones obtained with vitamin C at 5, 10 and 20 µg/mL.

These results were confirmed by the ABTS assay (Figure 6.10B).

Phenolic compounds hydrolysis

Phenolic compounds contained in the UF permeate were hydrolyzed under acidic conditions as suggested by A. Siger et al. [START_REF] Siger | Identification and antioxidant activity of sinapic acid derivatives in Brassica napus L. seed meal extracts: Main phenolic compounds in rapeseed[END_REF]. To do so, 350 mL of permeate were mixed with 70 mL of HCl 37% (v/v). The reaction was carried out at 75°C with agitation at 150 rpm for 3h. During the reaction, 600 µL samples were taken at 30, 60, 90, 120, 150, and 180 min for phenolic compounds analysis and quantification by SEC-HPLC. SA and SP were quantified from UF permeate with or without acidic hydrolysis by the above described SE-HPLC method using their UV signal at 325 nm. To do so, calibration curves were established by quantifying peak area of standard SA and SP at concentrations ranging from 0.05 to 1.25 mg/mL. The linear regression equations of the calibration curves were y = 2.9.10 7 x and y = 5.31.10 7 x with R² = 0.9998 and R² = 0.9984 of SP and SA, respectively.

Method validation

Validation of this method was conducted according to the International Conference on Harmonization (ICH) (Tietje & Brouder, 2010). Linearity of the detector responses and limits were performed in the range 0.05-1.25 mg/mL. Each calibration plot performs an average of three independent repetitions for five different concentration levels. Linear regression analysis was used to determine the slope and correlation coefficient (R²). All experiments were test-ed three times for phenolic compounds standards and the phenolic compounds presenting in samples solution in this study.

Total phenolic contents (TPC) Purification and anti-inflammatory and antioxidant properties of phenolic fractions from co-products of production of oleoproteaginous protein isolates

Rapeseed and sunflower are the most cultivated oilseed plants in Europe in general, and in France in particular. Some industrialists are currently focusing on the development of industrial processes for the extraction/purification of proteins from the oil cakes of these two plants. These processes generate co-products which are saline aqueous effluents rich in phenolic compounds such as cholorgenic acid (CGA, for sunflower) and sinapine (SP, for rapeseed). The capture of these phenolic compounds, which can act as natural antioxidants and/or anti-inflammatory agents in nutrition and health, is therefore a promising way of valorization. The main objectives of this work were: 1) to characterize and identify the phenolic compounds of protein isolate by-products from SFM and RSM; 2) to select the best macroporous resins and to study the adsorption mechanism of phenolic compounds; 3) to optimize the conditions in the phenolic compounds adsorption column; and 4) to evaluate the biological activities of the obtained phenolic fractions, especially the antioxidant and anti-inflammatory properties.

By different analytical methods, we determined that the liquid effluents consisted of phenolic compounds, amino acids, carbohydrates, and salt, which have a low molecular weight and can easily pass through a UF/DF membrane. All phenolic compounds were identified by HPLC and HPLC-ESI-MS analysis in comparison with standards. CGA is the main phenolic compound in the sunflower effluent. The main phenolic compound of rapeseed effluents is MS. Unlike sunflower, they also contain many other minor compounds. The adsorption/desorption of sunflower and rapeseed phenolic compounds was evaluated using different macroporous resins including XAD4, XAD7, XAD16, XAD1180 and HP20. We found that all phenolic compounds adsorbed readily onto the resins. XAD7 and XAD16 resins showed the best adsorption/desorption properties in sunflower and rapeseed liquid effluents, respectively. The results showed that the adsorption of all phenolic compounds follows a Langmuir model. According to the determined thermodynamic parameters, the adsorption process, is in all cases physical and is exothermic.

The optimal condition for column adsorption was determined on the selected resins by experimental planning and multicriteria optimization. A multicriteria optimization methodology based on design of experiments showed the optimal conditions were adsorption flow rate of 15 BV/h at pH 2.7 for CGA from SFM. Meanwhile, adsorption flow rate of 13.3 BV/h and at pH ranging from 2 to 5 were the optimal conditions for sinapine from RSM. Ethanol solutions 50% (v/v) for chlorogenic acid, 30% (v/v) for sinapine were used for desorption.

These approaches successfully produced the phenolic fractions for biological activities such as antioxidation and anti-inflammation. Phenolic fraction showed a higher antioxidant capacity than vitamin C in DPPH and ABTS assays (IC50/phenolic fractions < IC50 vitamin C, p < 0.05. In addition, it was discussed whether the phenolic fractions obtained in this project also showed an inflammatory effect. The sunflower fraction (CGA) effectively inhibited the production of TNF-α, which is a pro-inflammatory marker when a sample is treated with LPS. However, the rapeseed fractions were not effective against proinflammatory mediators. None of the fractions showed cytotoxicity.

Keywords: Sunflower meal, rapseed meal, phenolic compounds, macroporous resin, adsorption, desorption, purification, multicriteria optimization, antioxidant, anti-inflammation.