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The release of the model drug theophylline from cellulose-pectin composite aerogels was investigated. Cellulose and pectin formed an interpenetrated network, and the goal was to study and understand the influence of each component and its solubility in simulated gastric and intestinal fluids on the kinetics of release. Cellulose was dissolved, coagulated in water, followed by impregnation with pectin solution, crosslinking of pectin with calcium (in some cases this step was omitted), solvent exchange and supercritical CO2 drying. Theophylline was loaded via impregnation and its release into simulated gastric fluid was monitored for 1 h followed by release into simulated intestinal fluid. The properties of the composite aerogels were varied via the cellulose and pectin concentrations as well as the calcium content in the precursor solutions. The release kinetics was correlated with aerogel specific surface area, bulk density as well as network swelling and erosion. The Korsmeyer-Peppas model was employed to identify the dominant release mechanisms during the various stages of the release.

Introduction

Bio-aerogels are dry, polysaccharide-based materials with a low density, a high porosity and a high internal pores' surface area [START_REF] Wang | The advances of polysaccharidebased aerogels: Preparation and potential application[END_REF][START_REF] Ganesan | Review on the production of polysaccharide aerogel particles[END_REF][START_REF] Budtova | Biorefinery approach for aerogels[END_REF][START_REF] Muhammad | Recent progress in polysaccharide aerogels: Their synthesis, application, and future outlook[END_REF]. They can be prepared by removing the liquid from gels via drying with supercritical CO2. The latter is used to preserve network morphology as there is no meniscus in the pores above the critical point, and thus the capillary stresses occurring during evaporative drying are absent. Thanks to their high porosity and high internal surface area, bio-aerogels have numerous potential applications as thermal insulation material [START_REF] Zou | Polysaccharide-based aerogels for thermal insulation and superinsulation: An overview[END_REF], as catalyst support [START_REF] Sam | Application of biomass-derived nitrogen-doped carbon aerogels in electrocatalysis and supercapacitors[END_REF], as food carrier [START_REF] Selvasekaran | Food-grade aerogels obtained from polysaccharides, proteins, and seed mucilages: Role as a carrier matrix of functional food ingredients[END_REF] and as adsorption/absorption material [START_REF] Maleki | Recent advances in aerogels for environmental remediation applications: A review[END_REF]. Recently, bio-aerogels have also raised interest as biomedical materials, including controlled drug delivery systems [START_REF] Esquivel-Castro | Porous aerogel and core/shell nanoparticles for controlled drug delivery: A review[END_REF][START_REF] Maleki | Synthesis and biomedical applications of aerogels: Possibilities and challenges[END_REF][START_REF] García-González | An opinion paper on aerogels for biomedical and environmental applications[END_REF][START_REF] Stergar | Review of aerogel-based materials in biomedical applications[END_REF][START_REF] Rostamitabar | Cellulose aerogel micro fibers for drug delivery applications[END_REF][START_REF] Franco | Supercritical CO2 adsorption of non-steroidal anti-inflammatory drugs into biopolymer aerogels[END_REF][START_REF] Lovskaya | Alginate-based aerogel particles as drug delivery systems: Investigation of the supercritical adsorption and in vitro evaluations[END_REF][START_REF] García-González | Aerogels in drug delivery: From design to application[END_REF].

Thanks to its bioactivity, biocompatibility, biodegradability and its stabilizing properties, pectin is a particularly interesting polysaccharide for bio-aerogels to be used in biomedical applications [START_REF] Li | Pectin in biomedical and drug delivery applications: A review[END_REF][START_REF] Martău | The use of chitosan, alginate, and pectin in the biomedical and food sector -biocompatibility, bioadhesiveness, and biodegradability[END_REF]. The main repeating unit of this ramified heteropolysaccharide is galacturonic acid. Several interactions may exist between pectin chains, which depend on the pectin characteristics and external parameters. Under certain conditions pectin can form networks thanks to its acid functions: below the pKa of approximately 3 the acid groups are protonated which minimizes electrostatic repulsions, which in turn allows for the formation of hydrogel and van der Waals bonds. Furthermore, the addition of multivalent cations such as calcium ions may result in network formation thanks to interchain ionic crosslinks between the cations and the deprotonated acid groups. Our group recently reported on pectin aerogels whose properties can be controlled by tuning the initial pectin solution pH and calcium concentration in order to obtain desired release kinetics of the model drug theophylline [START_REF] Groult | Tuning bio-aerogel properties for controlling theophylline delivery. Part 1: Pectin aerogels[END_REF].

Composite materials contain two or more constituent materials with markedly different physicochemical properties [START_REF] Buwalda | Bio-based composite hydrogels for biomedical applications[END_REF]. When the components are combined in a single entity where the individual components remain distinct and separate, the resultant composite material can exhibit different characteristics from the individual components and offer synergistic properties. Hybrid aerogels and their biomedical applications have been recently reported [START_REF] Liu | Polymeric hybrid aerogels and their biomedical applications[END_REF][START_REF] Gorshkova | Preparation of bioactive aerogel material based on sodium alginate and chitosan for controlled release of levomycetin[END_REF]. A number of organic-inorganic composite pectin aerogels have been reported, mostly with silica as the second component [START_REF] Horvat | Preparation and characterization of polysaccharidesilica hybrid aerogels[END_REF][START_REF] Zhao | Strong, thermally superinsulating biopolymer-silica aerogel hybrids by cogelation of silicic acid with pectin[END_REF]. Thanks to their low thermal conductivity and good mechanical properties, these composites are generally intended as thermal insulation materials. Only a few organicorganic composite pectin aerogels have been reported, mainly aiming at biomedical applications.

For example, aerogel beads with an alginate shell and a pectin core were used for the release of the antibiotic drug doxycycline [START_REF] De Cicco | Prilling and supercritical drying: A successful duo to produce core-shell polysaccharide aerogel beads for wound healing[END_REF]. Co-axial prilling of drug-loaded solutions into an ethanolic CaCl2 solution was employed for the preparation of the core-shell particles. A sustained, diffusioncontrolled release of doxycycline up to 48 hours was obtained with kinetics depending on the pectin and more importantly the alginate concentration in the aerogel precursor solution. Alginate-pectin aerogels were also investigated for the release of diclofenac sodium [START_REF] Tkalec | PH sensitive mesoporous materials for immediate or controlled release of NSAID[END_REF] and ketoprofen [START_REF] Gonçalves | Alginate-based hybrid aerogel microparticles for mucosal drug delivery[END_REF]. Other polysaccharides that have been combined with pectin for the preparation of drug-releasing composite aerogels include chitosan [START_REF] Pantić | Preparation and characterization of chitosan-coated pectin aerogels: Curcumin case study[END_REF] and xanthan [START_REF] Horvat | Novel ethanolinduced pectin-xanthan aerogel coatings for orthopedic applications[END_REF]. Cellulose-pectin composite aerogels, on the other hand, have not been reported yet. Cellulose is a homopolymer of β(1→4) linked Dglucose units and is found as the main constituent of plants and wood. Due to numerous intra-and intermolecular hydrogen bond, cellulose is insoluble in water and other common solvents. These properties are markedly different from those of the polysaccharides that were previously incorporated in composite pectin aerogels (i.e. alginate and xanthan, which are water soluble, and chitosan, which is soluble in dilute acidic aqueous solution with a pH below 6.5). Several examples of cellulose aerogels made via cellulose dissolution and drying with sc CO2 have been reported [START_REF] Druel | Cellulose aerogel microparticles via emulsion-coagulation technique[END_REF][START_REF] Sescousse | Aerocellulose from cellulose-ionic liquid solutions: Preparation, properties and comparison with cellulose-NaOH and cellulose-NMMO routes[END_REF][START_REF] Pircher | Impact of selected solvent systems on the pore and solid structure of cellulose aerogels[END_REF][START_REF] Beaumont | Surface properties and porosity of highly porous, nanostructured cellulose II particles[END_REF]; their properties and application are summarised in a recent review [START_REF] Budtova | Cellulose II aerogels: A review[END_REF]. Surprisingly, little is known about drug release from such systems. Because of the insolubility of cellulose in water, we hypothesize that cellulose-pectin aerogels exhibit different drug release behaviour in comparison with native pectin aerogels and composite pectin aerogels containing a second component which is water-soluble.

The goal of this work was to prepare cellulose-pectin composite aerogels and to study the release of the model drug theophylline from these materials. For this purpose, structural and physicochemical properties of the aerogels were systematically varied by adjusting the preparation conditions and gelation mechanisms (pectin and cellulose concentrations, calcium crosslinking or not). Aerogel swelling, erosion and drug release profiles from the composite aerogels were characterized and correlated. The Korsmeyer-Peppas model was used to identify the main physical mechanisms determining the release.

Experimental section

Materials

Citrus pectin with a degree of esterification of 35% (as specified by the provider) and molecular weight of 1.15•10 5 g/mol (as determined in reference [START_REF] Groult | Thermal conductivity/structure correlations in thermal super-insulating pectin aerogels[END_REF]) was kindly donated by Cargill.

Microcrystalline cellulose Avicel PH101 with a degree of polymerization of 180 (as specified by the manufacturer) was purchased from Sigma-Aldrich. Calcium chloride (CaCl2) and theophylline (purity > 99%) were from Acros Organics. Potassium hydroxide (KOH), potassium dihydrogen phosphate (KH2PO4), hydrochloric acid (HCl, 32%), sodium hydroxide (NaOH) and ethanol were from Fisher Scientific. All products were used as received. Simulated gastric fluid without enzymes (SGF) was prepared from HCl solution (0.1 N, pH 1.0) and simulated intestinal fluid without enzymes (SIF) (pH 6.8) was prepared using NaOH at 11 mM (0.65 g/L) and KH2PO4 at 50 mM (6.8 g/L). Water was distilled.

Methods

Preparation of theophylline-loaded cellulose-pectin composite aerogels

The preparation of theophylline-loaded cellulose-pectin aerogels is schematically illustrated in Figure 1. Cellulose was dried overnight at 50 °C under vacuum and swollen in water for 2 hours at 5 °C. Swollen cellulose was mixed with water containing NaOH and urea to reach final concentrations of 8 wt% NaOH and 12 wt% urea. The mixture was cooled to -12 °C and mixed for 3 minutes at 1000 rpm [START_REF] Druel | Cellulose aerogel microparticles via emulsion-coagulation technique[END_REF]. The resulting cellulose solutions (cellulose concentrations ranging from 2.5 to 6 wt%) were poured into cylindrical molds and left for 24 h at 50 °C; depending on the cellulose concentration, gelation occurred or not. The cellulose samples were gently coagulated with water and extensively washed with water until neutral pH. This step is needed to form cellulose network which is then filled with pectin. The coagulated cellulose samples were immersed in pectin solutions (pH 3.0, various pectin concentrations depending on the desired ratio cellulose/pectin) at 60 °C for 5 days. The cellulose-pectin samples were taken out from the pectin solutions and left in small sealed containers under ambient conditions for 48 h. Some of the cellulose-pectin samples were placed in a CaCl2 solution (0.5 M) for 30 seconds after pectin impregnation to induce ionic gelation of pectin.

Figure 1

Schematic illustration of the preparation of theophylline-loaded composite cellulose-pectin aerogels (a) without calcium or (b) crosslinked with calcium.

In order to perform drying with sc CO2, water was replaced by ethanol, as the latter is miscible with CO2; ethanol is a non-solvent for cellulose and pectin. Solvent exchange was performed as reported previously [START_REF] Groult | Tuning structure and properties of pectin aerogels[END_REF] by progressively decreasing the water/ethanol (v/v) ratio to 50/50, 25/75 and 0/100, followed by final extensive washing with ethanol. The resulting samples were 3D networks with ethanol in their pores, so-called 'alcogels' (Figure 1).

Theophylline is well soluble in water (8.3 g/L at 25 °C [START_REF] Yalkowsky | Handbook of Aqueous Solubility Data[END_REF]), moderately soluble in ethanol (maximum concentration 4.2 g/L at 25 °C [START_REF] Subra | Precipitation and phase behavior of theophylline in solvent-supercritical CO2 mixtures[END_REF]) and insoluble in non-polar solvents such as sc CO2 [START_REF] Johannsen | Solubilities of the xanthines caffeine, theophylline and theobromine in supercritical carbon dioxide[END_REF]. To prevent washout of the theophylline during the solvent exchange, cellulose-pectin alcogels were impregnated with theophylline just prior to sc CO2 drying. Details of the theophylline loading procedure as well as the sc CO2 drying method can be found in reference [START_REF] Groult | Tuning bio-aerogel properties for controlling theophylline delivery. Part 1: Pectin aerogels[END_REF]. Briefly, the alcogels were immersed in a theophylline-ethanol solution (3.4 g/L) which was renewed after 48 h; the samples were kept in theophylline-ethanol for 7 days in total to ensure complete drug diffusion through the sample. The theophylline-impregnated alcogels were then dried with sc CO2. The system was first pressurized at 50 bar and 37 °C with gaseous CO2; afterwards, the pressure in the autoclave was increased to 80 bar. A dynamic washing step was subsequently performed at 80 bar and 37 °C, at an output of 5 kg of CO2/h for 1 h. It was followed by a static mode of 1-2 h at the same pressure and temperature and then by dynamic washing again for 2 h. Finally, the system was slowly depressurized at 4 bar/h and 37 °C, and cooled to room temperature.

In addition to cellulose-pectin composite aerogels, for comparison, a series of aerogels based on neat cellulose and neat pectin were made from cellulose and pectin solutions of concentrations at which each component is present in the various composite aerogels.

Characterization methods

The experimental fraction of cellulose in the composite aerogels was determined using the masses of the cellulose-pectin composite aerogels and the corresponding cellulose neat aerogels as there was no material loss and composite aerogels and their corresponding neat counterparts were made following exactly the same procedure:

𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 = 𝑚𝑎𝑠𝑠 𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 𝑛𝑒𝑎𝑡 𝑎𝑒𝑟𝑜𝑔𝑒𝑙 (𝑔) 𝑚𝑎𝑠𝑠 𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑎𝑒𝑟𝑜𝑔𝑒𝑙 (𝑔) (1) 
The experimental fraction of pectin in the composite aerogels was determined using:

𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑝𝑒𝑐𝑡𝑖𝑛 = 1 -𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 (2) 
The pectin filling efficiency (%) was calculated as follows:

𝑃𝑒𝑐𝑡𝑖𝑛 𝑓𝑖𝑙𝑙𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) = 𝑃𝑒𝑐𝑡𝑖𝑛 𝑎𝑐𝑡𝑢𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 (𝑔) 𝑃𝑒𝑐𝑡𝑖𝑛 𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 (𝑔) × 100% (3) 
where the theoretical amount of pectin within the composite aerogels. The latter was determined using the concentration of the pectin solution and the volume of the voids in the wet cellulose matrix (calculated by subtracting the volume occupied by coagulated cellulose from the volume of the wet matrix, cellulose density was taken as 1.5 g/cm 3 ) during the pectin impregnation step; it is assumed that 100% of the cellulose matrix volume was filled with pectin solution and that diffusion was complete:

𝑃𝑒𝑐𝑡𝑖𝑛 𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 (𝑔) = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑣𝑜𝑖𝑑𝑠 𝑖𝑛 𝑤𝑒𝑡 𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 𝑚𝑎𝑡𝑟𝑖𝑥 (𝑐𝑚 3 ) × 𝐶 𝑝𝑒𝑐𝑡𝑖𝑛 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 (𝑔/𝑐𝑚 3 ) (4) 
The actual pectin amount in the composite aerogels was obtained from the mass difference between the cellulose-pectin aerogels and cellulose neat aerogels:

𝑃𝑒𝑐𝑡𝑖𝑛 𝑎𝑐𝑡𝑢𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 (𝑔) = 𝑚𝑎𝑠𝑠 𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑎𝑒𝑟𝑜𝑔𝑒𝑙 (𝑔) -𝑚𝑎𝑠𝑠 𝑛𝑒𝑎𝑡 𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 𝑎𝑒𝑟𝑜𝑔𝑒𝑙 (𝑔) (5)
Aerogel bulk density (ρbulk) was calculated as the ratio of sample mass to sample volume. The mass of the aerogel was measured with a high precision digital analytical balance. The volume was quantified with a digital caliper. The errors were ± 10%.

Volume shrinkage was determined after solvent exchange and after sc drying as follows:

𝑉𝑜𝑙𝑢𝑚𝑒 𝑠ℎ𝑟𝑖𝑛𝑘𝑎𝑔𝑒 (%) = 𝑉 0 -𝑉 𝑖 𝑉 0 × 100% (6)
where Vo is the volume of the sample before solvent exchange and Vi is the sample volume at the corresponding step.

The porosity (ε) of the aerogels, defined as the ratio between the volume of pores and the total volume of the sample, was estimated from the bulk and skeletal densities:

𝜖 (%) = 𝑉 𝑝𝑜𝑟𝑒𝑠 𝑉 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 = (1 - 𝜌 𝑏𝑢𝑙𝑘 𝜌 𝑠𝑘𝑒𝑙𝑒𝑡𝑎𝑙 ) × 100% (7) 
where the skeletal density of cellulose and pectin networks (ρskeletal) is 1.5 g/cm 3 [START_REF] Groult | Tuning structure and properties of pectin aerogels[END_REF][START_REF] Buchtova | Cellulose aero-, cryo-and xerogels: Towards understanding of morphology control[END_REF].

Pore specific volume Vpores was calculated from bulk and skeletal densities as follows:

𝑉 𝑝𝑜𝑟𝑒𝑠 = 1 𝜌 𝑏𝑢𝑙𝑘 - 1 𝜌 𝑠𝑘𝑒𝑙𝑒𝑡𝑎𝑙 (8) 
The specific surface area SBET was determined with a Micromeritics ASAP 2020 instrument using nitrogen adsorption and the Brunauer-Emmett-Teller (BET) method. The samples were degassed at 70 °C for 10 h under high vacuum before the measurements. The maximal standard deviation was ± 20 m 2 /g. The theoretical SBET of the composite aerogels, which is based on the 'mixing law', was calculated as follows:

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑆 𝐵𝐸𝑇 𝑐𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑒 𝑎𝑒𝑟𝑜𝑔𝑒𝑙 (𝑚²/𝑔 ) = (𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 × 𝑆 𝐵𝐸𝑇 𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 𝑛𝑒𝑎𝑡 𝑎𝑒𝑟𝑜𝑔𝑒𝑙 ) (𝑚²/𝑔 ) + (𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑝𝑒𝑐𝑡𝑖𝑛 × 𝑆 𝐵𝐸𝑇 𝑝𝑒𝑐𝑡𝑖𝑛 𝑛𝑒𝑎𝑡 𝑎𝑒𝑟𝑜𝑔𝑒𝑙 ) (𝑚²/𝑔 ) (9) 
The morphology of the aerogels was assessed with a Zeiss Supra 40 scanning electron microscope (SEM) equipped with a field emission gun. A Q150T Quarum metallizer was used to sputter a 7 nm layer of platinum.

Theophylline release experiments were carried out at 37 °C under sink conditions (900 ml release medium) with stirring at 100 rpm to ensure homogenization. The aerogels (disk-shaped, diameter approximately 2 cm, thickness approximately 0.8 cm, for more details see Table S1 in the Supporting Information) were placed in a permeable stainless-steel basket. To mimic the physiological conditions in the gastro-intestinal tract, the aerogels were first immersed in SGF (pH 1.0) during 1 h and subsequently placed in SIF (pH 6.8). The solubility values of theophylline at pH 1.0 and 6.8 are approximately 15 and 12 mg/ml, respectively [START_REF] Serajuddin | Effect of diffusion layer pH and solubility on the dissolution rate of pharmaceutical acids and their sodium salts II: salicylic acid, theophylline, and benzoic acid[END_REF]. Drug release was followed via periodical spectrophotometric measurements at a wavelength of 271 nm [START_REF] Lide | CRC Handbook of Chemistry and Physics[END_REF] When a release curve reached a stable absorbance plateau for more than 30 minutes, indicating that no more drug was released, the presence of theophylline in the remaining matrix was tested.

The sample was crushed with a mortar and pestle and sonicated in SIF for 30 min. Subsequently a liquid probe was taken of which the absorbance, after filtration, was measured. In case no theophylline remained in the non-dissolved matrix, the actual drug dose in the aerogel after the loading process was the one obtained at the absorbance plateau. In case theophylline remained in the non-dissolved matrix, the actual drug dose in the aerogel after the loading process was calculated by adding the remaining drug amount to the one obtained at the absorbance plateau.

Theoretical drug dose, drug loading efficiency and aerogel loading capacity were calculated as follows:

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑑𝑟𝑢𝑔 𝑑𝑜𝑠𝑒 (𝑔) = 𝑉 𝑎𝑙𝑐𝑜𝑔𝑒𝑙 (𝑐𝑚 3 ) × 𝐶 𝑡ℎ𝑒𝑜𝑝ℎ𝑦𝑙𝑙𝑖𝑛𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 (𝑔/𝑐𝑚) (10)

𝐷𝑟𝑢𝑔 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) = 𝑎𝑐𝑡𝑢𝑎𝑙 𝑑𝑟𝑢𝑔 𝑑𝑜𝑠𝑒 (𝑔) 𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑑𝑟𝑢𝑔 𝑑𝑜𝑠𝑒(𝑔) × 100% (11) 
𝐴𝑒𝑟𝑜𝑔𝑒𝑙 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (%) = 𝑎𝑐𝑡𝑢𝑎𝑙 𝑑𝑟𝑢𝑔 𝑑𝑜𝑠𝑒 (𝑔) 𝑎𝑒𝑟𝑜𝑔𝑒𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) × 100% ( 12 
)
where Valcogel is the volume of the alcogel in the impregnation bath containing an ethanolic theophylline solution with a theophylline concentration of Ctheophylline solution (Figure 1).

Results and Discussion

Preparation of cellulose-pectin aerogels

Cellulose-pectin composite aerogels were prepared by impregnation of a cellulose matrix (cellulose coagulated in water) with pectin aqueous solution, followed by exchange of water by ethanol and supercritical drying with CO2 (Figure 1). The aerogel composition was varied by adjusting the cellulose/pectin ratio (Table 1), targeting 300 mg of polysaccharide (dry weight) in total. It was observed that the cellulose matrix contracts during the impregnation with pectin; the pectin concentration was therefore adjusted taking into account the level of shrinkage of each cellulose matrix. Pectin solutions with a concentration higher than 8.4 wt% were too viscous to impregnate the cellulose matrix and therefore it was not possible to produce cellulose-pectin composite aerogels with cellulose/pectin ratio lower than 0.42/0.58. In addition to the cellulosepectin ratio, ionic crosslinking of pectin with calcium was used as a method to vary the aerogel properties (Table 1). Aerogels made from only cellulose or pectin were prepared from cellulose and pectin solutions of concentrations at which each component is present in the different composite aerogels. These mono-component aerogels will be referred to as "neat cellulose" or "neat pectin" aerogels.

The experimental fraction of cellulose in the composite aerogels was close to the theoretical one as the filling efficiency was high with values around 90 -100% (Figure 2a); the efficiency above 100% is most probably because the assumption that pectin fills all pores of the cellulose matrix is too rough (see eqs. 3 and 4 in the Methods section). From here on, the term "fraction" will refer to the experimental fraction of one component in the aerogel. The samples are shrinking at all steps of composite aerogel preparation. The first is cellulose coagulation in a non-solvent, here, water. This is a well-known phenomenon and it is within 10-30

vol% [START_REF] Budtova | Cellulose II aerogels: A review[END_REF]. The second shrinking occurs during pectin impregnation due to osmotic pressure generated by the pectin solution outside the cellulose matrix. This "additional" shrinkage (Figure S2), as compared to the neat cellulose counterparts, varies from 6-7 vol% for the higher initial cellulose concentrations in solution (5 and 6 wt%) to 12-17 vol% for the lower initial cellulose concentrations (≤ 4 wt%). The third shrinking happens when the composite is placed in ethanol: both polymers are shrinking; when pectin is not crosslinked by calcium ions the shrinkage is high, and when it is ionically crosslinked with calcium ions, the shrinkage is low (Figure S2). Low shrinkage of crosslinked pectin gels in a non-solvent had already been observed in our previous work on neat pectin aerogels [START_REF] Groult | Tuning bio-aerogel properties for controlling theophylline delivery. Part 1: Pectin aerogels[END_REF][START_REF] Groult | Thermal conductivity/structure correlations in thermal super-insulating pectin aerogels[END_REF][START_REF] Groult | Tuning structure and properties of pectin aerogels[END_REF]. The final shrinkage occurs during sc CO2 drying. Less shrinkage due to increased network resistance upon calcium crosslinking of pectin and upon increase of the cellulose fraction can be observed for the total shrinkage of the samples after sc CO2 drying (Figure 2b). It should be noted that gelation of cellulose solutions at concentrations above 4 wt% also helps "resisting" shrinkage. The total shrinkage of the composite aerogels is between 50 and 75 %, which is higher than values reported for pectin aerogels (20-40 % [START_REF] Tkalec | PH sensitive mesoporous materials for immediate or controlled release of NSAID[END_REF][START_REF] Tkalec | Fast production of high-methoxyl pectin aerogels for enhancing the bioavailability of low-soluble drugs[END_REF]) and higher than or similar to values reported for cellulose aerogels (40-70 % [START_REF] Buchtova | Cellulose aero-, cryo-and xerogels: Towards understanding of morphology control[END_REF][START_REF] Sescousse | Influence of processing parameters on regeneration kinetics and morphology of porous cellulose from cellulose-NaOH-water solutions[END_REF][START_REF] Innerlohinger | Aerocellulose: Aerogels and aerogel-like materials made from cellulose[END_REF]). The higher number of the preparation steps at which the samples are shrinking may explain the higher shrinkage of composites as compared to the neat aerogels, in particular, of crosslinked pectin which are strong gels.

The examples of cellulose-pectin composite aerogels (without ionic crosslinks) and neat cellulose and pectin aerogels are shown in Figure 3. It follows that the volume of the composite aerogels increases with increasing cellulose fraction, as expected due to decreased volume shrinkage (Figure 2b).

Figure 3

Pictures of neat pectin, cellulose-pectin composite and neat cellulose aerogels. No calcium was added.

Properties and morphology of cellulose-pectin composite aerogels

As the pectin impregnation efficiency is very high for all composites, the bulk density of aerogels is mainly determined by the sample shrinkage. Figure 4a shows that the bulk density of the cellulose-pectin composite aerogels decreases upon increase of the cellulose fraction and upon calcium crosslinking, which is in line with the results obtained for volume shrinkage and sample volume (Figure 2b and Figure 3, respectively). As expected, total pore volume (eq.8, Figure 4b) follows an inverse trend and increases with increasing cellulose fraction and in case of calcium crosslinking. The porosity (eq. 7) ranges from 85 to 93% for composite aerogels without calcium and from 88 to 95% for calcium-crosslinked composite aerogels. The reason for this slight difference is that crosslinked pectin aerogels have a lower bulk density, which is apparent from Figure 4a and which was also shown in our previous work [START_REF] Groult | Tuning bio-aerogel properties for controlling theophylline delivery. Part 1: Pectin aerogels[END_REF][START_REF] Groult | Thermal conductivity/structure correlations in thermal super-insulating pectin aerogels[END_REF][START_REF] Groult | Tuning structure and properties of pectin aerogels[END_REF]. The specific surface area (SBET) of the composites without calcium crosslinks decreases with increasing cellulose fraction (Figure 5a), which is in line with the higher SBET of pectin neat aerogels compared to neat cellulose aerogels at similar concentrations. The experimental values of SBET are close to the theoretical values calculated using the mixing law (equation 8), suggesting that both pectin and cellulose keep their aerogel morphology in the composite. Composites containing calcium-crosslinked pectin (Figure 5b) exhibit slightly lower SBET values compared to composites with uncrosslinked pectin, which is consistent with our previous results concerning neat pectin aerogels [START_REF] Groult | Tuning bio-aerogel properties for controlling theophylline delivery. Part 1: Pectin aerogels[END_REF][START_REF] Groult | Thermal conductivity/structure correlations in thermal super-insulating pectin aerogels[END_REF][START_REF] Groult | Tuning structure and properties of pectin aerogels[END_REF]. The increase in specific surface area with increasing pectin content is in line with previous work on hybrid aerogels, which showed that an increase in pectin content in alginate/pectin aerogels results in a 20-65 % higher specific surface area in comparison with alginate aerogels, depending on the preparation conditions [START_REF] Gonçalves | Alginate-based hybrid aerogel microparticles for mucosal drug delivery[END_REF]. The specific surface area of these pectin-cellulose hybrid aerogels is larger than that of previously reported chitosan-pectin aerogels (~275 m 2 /g, [START_REF] Pantić | Preparation and characterization of chitosan-coated pectin aerogels: Curcumin case study[END_REF]). The decrease in bulk density of the composite aerogels upon increase of the cellulose fraction, as observed in Figure 4a, also follows from SEM images of the internal structure of the composites (Figure 6). The neat pectin aerogel exhibits a denser network with smaller pores in comparison with neat cellulose aerogels. Comparing the composite aerogels with neat cellulose aerogels at similar cellulose content suggests that pectin filled the pores of the cellulose network during impregnation. Composite aerogels containing calcium-crosslinked pectin have a higher resistance against shrinkage than composites with non-crosslinked pectin and therefore have slightly larger pores (Figure S3). This agrees with the lower volume shrinkage and bulk density of calciumcrosslinked cellulose-pectin composite aerogels observed in Figure 2b and Figure 4a, respectively.

No quantitative pore size distribution in bio-aerogels can be provided with the classical methods [START_REF] Groult | Thermal conductivity/structure correlations in thermal super-insulating pectin aerogels[END_REF][START_REF] Rudaz | Aeropectin: Fully biomass-based mechanically strong and thermal superinsulating aerogel[END_REF][START_REF] Robitzer | Natural materials with high surface area. Physisorption methods for the characterization of the texture and surface of polysaccharide aerogels[END_REF]: the BHJ approach, which uses nitrogen adsorption, takes into account only 15-20% of the total pore volume and mercury porosimetry may induce sample compression.

SEM images of the cross-section of composite aerogels at different cellulose and pectin fractions (first row) and neat cellulose aerogels of concentrations corresponding to the cellulose content in the composite aerogels. No calcium was added. The scale is the same on all images.

Theophylline loading and release

Drug loading efficiency and capacity

The influence of the bulk density of the composite aerogels and of the cellulose fraction on the theophylline loading efficiency is shown in Figure 7a and Figure S4a, respectively. The loading efficiency varies from 50 to 100 %, which is relatively high compared to values reported in literature for other bio-aerogels (15-80 % [START_REF] Groult | Tuning bio-aerogel properties for controlling theophylline delivery. Part 1: Pectin aerogels[END_REF][START_REF] Tkalec | PH sensitive mesoporous materials for immediate or controlled release of NSAID[END_REF][START_REF] García-González | Polysaccharidebased aerogel microspheres for oral drug delivery[END_REF][START_REF] Veronovski | Characterisation of biodegradable pectin aerogels and their potential use as drug carriers[END_REF][START_REF] Mehling | Polysaccharide-based aerogels as drug carriers[END_REF]). As theophylline is not soluble in CO2

[39], we assume that the loading efficiency values below 100 % are likely caused by physical washout of the drug during sc drying due to CO2 circulation and mixing with ethanol at the beginning of the process. The loading efficiency increases with increasing bulk density, as found previously for pectin aerogels [START_REF] Groult | Tuning bio-aerogel properties for controlling theophylline delivery. Part 1: Pectin aerogels[END_REF]. It is thought that the smaller pores and higher tortuosity, which are associated with a higher bulk density, better prevent physical washout of theophylline during sc CO2 drying. The theophylline loading capacity of the composite aerogels is much lower (from 2 to 4 %, Figure 7b and Figure S4b) than the loading capacities found for other drugs incorporated in various bio-aerogels reported in literature (~15-80% [START_REF] Tkalec | PH sensitive mesoporous materials for immediate or controlled release of NSAID[END_REF][START_REF] Tkalec | Fast production of high-methoxyl pectin aerogels for enhancing the bioavailability of low-soluble drugs[END_REF][START_REF] García-González | Polysaccharidebased aerogel microspheres for oral drug delivery[END_REF][START_REF] Veronovski | Characterisation of biodegradable pectin aerogels and their potential use as drug carriers[END_REF][START_REF] Horvat | Encapsulation and drug release of poorly water soluble nifedipine from bio-carriers[END_REF]). Because the loading capacity depends on the drug solubility in the impregnation medium relative to the mass of the polymer matrix, the low values in this study are due to the high concentrations of the cellulose and pectin solutions (up to 8.4 wt%) to produce the composite aerogels as well as the only moderate solubility of theophylline in ethanol (4.2 g/L at 25 °C [START_REF] Subra | Precipitation and phase behavior of theophylline in solvent-supercritical CO2 mixtures[END_REF]). Other drugs and drug loading methods may result in higher drug loading capacities, e.g. the loading of a hydrophobic, CO2-soluble drug during the supercritical drying step. For non-crosslinked composite aerogels, the theophylline loading capacity increases with increasing bulk density (Figure 7b) and decreases with increasing cellulose fraction (Figure S4b), trends similar to those found for the loading efficiency (Figure 7a and S4ab).

Release from composite aerogels with non-crosslinked pectin

The release of theophylline from composite aerogels was monitored in SGF (pH 1.0) for 1 h and subsequently in SIF (pH 6.8) to mimic the physiological conditions in the gastro-intestinal tract.

Figure 8 shows the examples of the evolution of aerogel mass and volume over time and the corresponding cumulative release of theophylline for composite aerogels with non-crosslinked pectin, neat cellulose and neat non-crosslinked pectin aerogels. An example of samples' pictures at 90 min of release is shown in Figure S5 of the Supporting Information. As compared with photos in Figure 3 for dry aerogels, it shows the eroding neat pectin aerogel and intact (in shape) neat cellulose and composite aerogels. During the first few minutes all aerogels exhibit a fast mass increase due to the uptake of release medium (Figure 8a). The initial volume shrinkage (Figure 8b) is likely caused by pore collapse resulting from capillary forces exerted by the fast penetration of liquid medium into the aerogels.

During the first hour, the mass and volume of the composite aerogels remain relatively constant, indicating that no erosion takes place. This is in accordance with the insolubility of cellulose in this aqueous medium as well as the strong interactions between protonated pectin chains thanks to hydrogen bonding at low pH. Following the change from SGF to SIF after 1 h, the carboxylate groups of pectin become ionized, resulting in coulombic repulsions between the chains and instant swelling of aerogels. With time, pectin hydrated chains disentangle causing erosion and complete dissolution of neat pectin aerogel (after 240 min) and gradual wash out of pectin from composite aerogels, the latter resulting in a slight decrease in matrix mass. However, as the majority of the sample mass consists of absorbed release medium, the loss of pectin chains is barely noticeable for the composite aerogels. After the small decrease in sample mass due to pectin loss, a small increase can be observed corresponding to release medium filling up the space left by the dissolved pectin.

In accordance with the non-solubility of the cellulose matrix, the overall volume and mass of the neat cellulose and composites aerogels remain relatively constant in SIF.

As soon as the aerogel is immersed in the release medium, the drug that is located on and near the surface immediately dissolves due to the high solubility of theophylline in aqueous media.

Within the first 10 min, about 20 to 40% of theophylline is released from all types of aerogels (Figure 8c). This kinetics are governed by Fickian diffusion as the drug is freely accessible.

With time, the release of theophylline needs to be explained considering the input of each component of the matrix (i.e. polymer solubility in the release medium reflected by matrix mass and volume evolution) and dry matrix bulk density. We will use the Korsmeyer-Peppas approach for the first 60 % of the total normalized cumulative released drug Q(t) :

𝑄(𝑡) = 𝐾𝑡 𝑛 ( 13 
)
where t is time, K is a constant and n is exponent characterizing the type of release.

For the neat pectin aerogel (curve 7 in Figure 8c), the n exponent of 0.66 is obtained with R 2 > 0.99 (Figure S6 and Table S2). This n value is typical for anomalous transport indicating that both solvent diffusion and polymer relaxation play a role in theophylline release from the pectin aerogel in SGF, whereas erosion is not yet significant (see Figure 8a for mass evolution). Upon change from SGF to SIF, erosion and dissolution of pectin become important (see mass and volume evolution in Figure 8a and b, respectively), resulting in an increased mesh size of the network, which in turn increases release medium velocity and theophylline transport through pectin matrix.

Similar results were obtained in [START_REF] Groult | Tuning bio-aerogel properties for controlling theophylline delivery. Part 1: Pectin aerogels[END_REF]. Theophylline is fully released from the neat pectin aerogel in about 225 minutes, just before full dissolution of the matrix.

Cellulose is insoluble either in SGF or in SIF, and for the neat cellulose aerogel (curve 1 in Figure 8c) the n value is 0.43, indicative of Fickian diffusion of a drug within a stable matrix.

Polymer relaxation is negligible, and theophylline is released in SGF and in SIF only via diffusion at a slightly slower rate in comparison with the neat pectin aerogel. The plateau is reached at around 92 % cumulative release. This non-complete release may be due to the presence of closed pores within the cellulose matrix that formed due to matrix shrinkage (Figure 2). This hypothesis is corroborated by the bulk density of the cellulose network filled with release medium after 30 h of immersion, 0.82-0.85 g/cm 3 , which implies the presence of air within the closed pores in the matrix.

The incorporation of a small amount of pectin in the neat cellulose aerogel leads to an acceleration of the release as compared to the neat cellulose aerogel: curve 2 is in-between curve 1 (neat cellulose) and curve 7 (neat pectin) in Figure 8c. This is due to pectin solubility in aqueous media. Further increase of the pectin content in composite aerogel leads to two counterbalancing effects which are due i) to the increase of aerogel bulk density (see Figure 4a) which inhibits drug and release medium transport (see such effect for the neat non-crosslinked pectin in [START_REF] Groult | Tuning bio-aerogel properties for controlling theophylline delivery. Part 1: Pectin aerogels[END_REF]) and ii)

to the increase in matrix permeability due to the solubility of pectin, in particular, in SIF. For example, for the composite aerogel with a cellulose fraction of 0.80 (curve 3 in Figure 8c) the inhibitory effect of a higher bulk density on release is especially noticeable in SGF during the first 60 min, whereas in SIF the release accelerates during pectin dissolution before leveling off towards the end of release. Such S-shaped release curves are also observed for composite aerogels with higher pectin contents (curves 4, 5 and 6 in Figure 8c). Here, the inhibitory effect of bulk density prevails over the accelerating effect of increased matrix permeability due to pectin dissolution, as composite aerogels with cellulose fractions of 0.64, 0.52 and 0.43 are respectively 70%, 93% and 100% denser than the neat cellulose aerogel. The release from composite aerogels with a low pectin content (having a cellulose fraction of 0.88 and 0.80) is governed by Fickian diffusion as revealed by n exponent values of 0.38 and 0.41, respectively, which is close to the n value of the neat cellulose aerogel (0.43) and the theoretical value of 0.45 for cylinders. For higher pectin contents (composite aerogels with cellulose fractions of 0.64, 0.52 and 0.43), the n exponent values between 0.54 and 0.59 (0.54, 0.56 and 0.59, respectively) suggest that drug release is due to anomalous transport, involving both diffusion and polymer relaxation, the latter due to pectin.

The results show that the theophylline release can be tuned via the cellulose content in the aerogels. Previously it was shown that the release rate of doxycycline from alginate/pectin hybrid aerogels can be modulated via the alginate and pectin concentrations in the precursor solutions [START_REF] De Cicco | Prilling and supercritical drying: A successful duo to produce core-shell polysaccharide aerogel beads for wound healing[END_REF].

Release from calcium-crosslinked composite aerogels

The evolution of mass and volume of calcium-crosslinked composites and of neat aerogels (Figure 9a and Figure 9b) is similar to that of their non-crosslinked counterparts (Figure 8a and Figure 8b): after an instant mass increase and volume decrease due to absorption of release medium both mass and volume remain relatively constant for the neat cellulose and composite aerogels, and both decrease to zero for the neat pectin aerogel. An example of samples' pictures at 240 min of release is shown in Figure S7 of the Supporting Information. Here the neat pectin aerogel is partly eroded, the neat cellulose aerogel remains intact, and remaining pectin in the core of the cellulose matrix can be detected with a yellowish colour in the center of the composite aerogels. The release of theophylline is slower from the calcium-crosslinked neat pectin aerogel than from the non-crosslinked counterpart. In both cases, full theophylline release occurs just before complete matrix dissolution, but the calcium-crosslinked neat pectin aerogel has a higher "resistance" to dissolution compared to the non-crosslinked pectin aerogel due to the intermolecular ionic crosslinks [START_REF] Groult | Tuning bio-aerogel properties for controlling theophylline delivery. Part 1: Pectin aerogels[END_REF]. The slower erosion also follows from Figure S7: at 240 min the calciumcrosslinked neat pectin aerogel more or less retains its shape, whereas the non-crosslinked neat pectin aerogel completely dissolves within 235 minutes (Figure 8a).

Calcium-crosslinked composite aerogels with cellulose fractions of 0.61 and 0.41 exhibit a Sshape release curve and a slower, prolonged release compared to the neat cellulose aerogel, which was also the case for uncrosslinked composite aerogels with similar cellulose content (see curves 4, 5 and 6 in Figure 8c). The calcium-crosslinked composite aerogel with a cellulose fraction of 0.41 exhibits the slowest release as compared to all studied cases, which is likely due to the combination of slow dissolution of the calcium-crosslinked pectin and the rather high bulk density of the composite aerogel.

The n exponent values obtained via the Korsmeyer-Peppas model decrease from the neat crosslinked pectin aerogel (n = 0.62) to 0.44 and 0.47 for composite aerogels with cellulose fractions of 0.61 and 0.41, respectively (Figure S8 and Table S3). As for the non-crosslinked neat pectin aerogel, the release from the crosslinked counterpart is governed by diffusion and relaxation.

This anomalous release turns to a mainly diffusion-controlled one with the increase of cellulose fraction.

Comparison of release properties

Figures 10 and 11 summarize and compare the findings regarding theophylline release from cellulose-pectin composite aerogels, with pectin crosslinked with calcium and not, each as a function of aerogel bulk density and cellulose fraction: Figure 10 shows the release time needed to reach the plateau value and Figure 11 shows n values. The plateau value of the cumulated release corresponds to 92% -100% of the total incorporated amount of theophylline. Figure 10a shows that the release time of theophylline from the neat pectin aerogel is the shortest of all release times because of the fast erosion of uncrosslinked pectin in SIF. The replacement of a small proportion of cellulose by pectin, which does not change the bulk density of the aerogel significantly (Figure 4a), leads to acceleration of the release and decrease of the total release time. This is caused by the increase in matrix permeability due to the solubility of pectin in aqueous media. Further increase of pectin fraction increases composite aerogel bulk density which in turn inhibits drug release and medium transport. Thus, cellulose fraction alone (Figure 10a) as well as bulk density alone (Figure 10b) do not explain the trends obtained: both aerogel bulk density and the solubility of each component must be considered. For example, for the composite aerogels with the three highest pectin contents, the inhibiting effect of bulk density outweighs the accelerating effect of the higher matrix permeability due to pectin dissolution and the total release time is longer than for the neat cellulose aerogel. When pectin is crosslinked in the composite aerogel, the release time to reach the plateau is longer than in non-crosslinked counterparts as crosslinked pectin is more difficult to dissolve. The release time needed to reach the plateau value as a function of specific surface area is shown in Figure S9. Except for the high surface area of the neat non-crosslinked pectin (490 m 2 /g), SBET does not vary much as a function of aerogel composition (340 -400 m 2 /g), and no trend between release time and surface area can be deduced. This shows the dominating role of aerogel bulk density and solubility of the components. Overall, the release kinetics and total release time of theophylline from composite aerogels do not follow the mixing rule and are the result of at least two counterbalancing effects: the solubility of aerogel components and the aerogel bulk density.

Figure 10

Release time needed to reach the plateau value (end of release, data taken from Figure 8 and9)

for all neat and composite aerogels studied as a function of (a) cellulose fraction and (b) aerogel bulk density. The symbols corresponding to cellulose fraction 0 (triangles) or 1 (diamonds) are the same on both figures.

The exponent n characterizing the type of release in the Korsmeyer-Peppas equation (eq. 13)

was also analysed as a function of cellulose fraction and aerogel bulk density (Figure 11). The value of n continuously decreases with cellulose fraction for both crosslinked and non-crosslinked pectin in composite aerogels, from around 0.62-0.66 for the neat pectin to 0.43 for the neat cellulose (Figure 11a). The n dependence on aerogel bulk density is concave with the value for the neat crosslinked pectin aerogel being out of the trend (Figure 11b); aerogel bulk density alone cannot explain the trend of n values. Both results show the importance of considering the behavior of each component in the composite aerogel and the synergetic effect of both: theophylline is released from a "cellulose-dominating" network via diffusion, and for the "pectin-dominating" network polymer relaxation (in SGF) and erosion (in SIF) must be considered.

composite aerogels varied from 300 to 500 m 2 /g and in overall was close to the theoretical values calculated using the mixing law.

Theophylline was loaded in composite aerogel precursors with loading efficiency from 50 to 100 %. The efficiency lower than 100% may be caused by physical washout of the drug during supercritical drying due to CO2 circulation and mixing with ethanol in the pores of the precursor.

The loading efficiency increases with increasing composite bulk density as the latter may be associated with smaller pores and higher tortuosity. The release of theophylline was analysed considering aerogel bulk density and the input of each component in terms of its solubility in SIF and SGF. The release from composite aerogels with a low pectin content is governed by Fickian diffusion, similar to the release from the neat cellulose aerogel. For higher pectin contents, drug release is due to anomalous transport, involving both diffusion and polymer relaxation, the latter being due to pectin. Crosslinking of pectin with calcium significantly increases theophylline total release time as crosslinking makes pectin less soluble in both SGF and SIF. Table S3. Korsmeyer-Peppas fitting parameters (see Figure S8 and equation 13) of theophylline release from composite and neat aerogels in which pectin was crosslinked with calcium, for different cellulose fractions. 

Figure S9

Release time needed to reach the plateau value (end of release, data taken from Figure 8 and9) as a function of specific surface area for all neat and composite aerogels studied.

  employing a quartz cuvette with an optical path length of 10 mm. An automated set-up was used, composed of a UV-1800 UV/Visible Scanning Spectrophotometer coupled to a 160C Sipper Unit and a 206-23790-91 Peristaltic Sipper Pump (all from Shimadzu). Calibration curves were established using theophylline SIF and SGF solutions of known concentrations (FigureS1). To follow the mass and volume of the samples during the release experiments, samples were extracted from release bath, their weight and volume quickly measured using balance and calliper and then placed back into the release bath.
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  Making composite aerogels of various bulk density and of components with different solubility, cellulose vs pectin, allows tuning material properties and kinetics of drug release. The results obtained open new pathways for the development of fully bio-based porous materials for life science applications.

Figure S2

 S2 Figure S2Shrinkage during different steps of preparation of composite aerogels: after the impregnation of cellulose matrix with pectin solution (closed points) and after coagulation of the interpenetrated network in ethanol (open points).

Figure S3

 S3 Figure S3Comparison of SEM images of composite aerogels' cross-sections, with or without calcium. The scale is the same on all images.

Figure S4

 S4 Figure S4Loading efficiency (a) and loading capacity (b) of composite aerogels as a function of cellulose fraction.

Figure S5

 S5 Figure S5Photos of neat and composite aerogels without calcium after 90 minutes of release of theophylline (1 hour in SGF and 30 min in SIF). The scale is the same for all images.

Figure S7

 S7 Figure S7Photos of composite aerogels crosslinked with calcium after 240 minutes of release of theophylline (1 hour in SGF and 180 min in SIF). The scale is the same for all images.

Figure S8

 S8 Figure S8Korsmeyer-Peppas model applied to the first 60% of cumulated theophylline release Q(t) from composite and neat aerogels in which pectin was crosslinked with calcium, for different cellulose fractions: 1 (a), 0.61 (b), 0.41 (c) and 0 (d), data are from Figure9. Solid lines are data fits according to equation 13.

  

  

  

  

  

  

Table 1 .

 1 Composition of precursor solutions and composite cellulose-pectin aerogels.

	Initial concentration of cellulose in solution (wt%)	Pectin concentration in the impregnation bath (wt%)	Theoretical ratio of cellulose/pectin	Experimental fraction of cellulose in aerogel	Experimental fraction of pectin in aerogel	Use of 0.5 M CaCl2 for pectin gelation
	6	-	1 / 0	1	0	
	5.5	1.3	0.92 / 0.08	0.883 ±0.006 0.117 ± 0.006	-
	5	2.4	0.83 / 0.17	0.798 ±0.006 0.202 ± 0.006	-
	4	5.6	0.66 / 0.34	0.637 ±0.007 0.363 ± 0.007	-
	3	7.5	0.5 / 0.5	0.522 ±0.010 0.478 ± 0.010	-
	2.5	8.4	0.42 / 0.58	0.429 ±0.004 0.571 ± 0.004	-
	0 (neat 6 wt% pectin)	-	0 / 1	0	1	-
	4	5.6	0.66 / 0.34	0.607 ± 0.009 0.393 ± 0.009	yes
	3	7.5	0.5 / 0.5	0.474 ± 0.009 0.526 ± 0.009	yes
	2.5	8.4	0.42 / 0.58	0.407 ± 0.009 0.593 ± 0.009	yes
	0 (neat 6 wt% pectin)	-	0 / 1	0	1	yes
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Exponent n (eq. 13) of all aerogels studied as a function of (a) cellulose fraction and (b) aerogel bulk density. The symbols corresponding to cellulose fraction 0 (triangles) or 1 (diamonds) are the same on both figures.

A number of n values for drug release from polysaccharide gels and aerogels has been reported in literature ( [START_REF] Rostamitabar | Cellulose aerogel micro fibers for drug delivery applications[END_REF][START_REF] Gorshkova | Preparation of bioactive aerogel material based on sodium alginate and chitosan for controlled release of levomycetin[END_REF][START_REF] Tkalec | PH sensitive mesoporous materials for immediate or controlled release of NSAID[END_REF][START_REF] García-González | Polysaccharidebased aerogel microspheres for oral drug delivery[END_REF][START_REF] Horvat | Encapsulation and drug release of poorly water soluble nifedipine from bio-carriers[END_REF][START_REF] Wang | 3D aerogel of cellulose triacetate with supercritical antisolvent process for drug delivery[END_REF][START_REF] Wang | pH-Controlled drug delivery with hybrid aerogel of chitosan, carboxymethyl cellulose and graphene oxide as the carrier[END_REF]). For example, n = 0.42 (Fickian diffusion) was found for the release of sodium diclofenac into PBS from pectin aerogels crosslinked via zinc ions [START_REF] Tkalec | PH sensitive mesoporous materials for immediate or controlled release of NSAID[END_REF].

Furthermore, n values between 0.25 and 0.45 were stated for the release of paracetamol into PBS from cellulose triacetate aerogels [START_REF] Wang | 3D aerogel of cellulose triacetate with supercritical antisolvent process for drug delivery[END_REF]. Wang et al. reported n values of 0.44, 0.47 and 0.46 in the medium of pH 1.2, 5.5 and 7.4, respectively, for the release of 5-fluoruracil from freeze-dried composites of chitosan/carboxymethylcellulose/graphene oxide [START_REF] Wang | pH-Controlled drug delivery with hybrid aerogel of chitosan, carboxymethyl cellulose and graphene oxide as the carrier[END_REF]. Gorshkova et al obtained n values between 0.45 and 0.58 (non-Fickian diffusion), depending on the pH of the release medium, for the release of levomycetin from alginate/chitosan hybrid aerogels [START_REF] Gorshkova | Preparation of bioactive aerogel material based on sodium alginate and chitosan for controlled release of levomycetin[END_REF]. Direct comparison with our n values is difficult because in the cases mentioned above different preparation conditions were used in terms of type of polysaccharide, crosslinking method, type of drug, method of drug loading, pH of release medium, etc., all of which influencing the release mechanism.

Conclusions

Cellulose-pectin composite aerogels were prepared by coagulating cellulose in water, impregnating it with pectin solution at different proportions, solvent exchange and drying with supercritical CO2. Pectin filling efficiency above 90%. The bulk density of composite aerogels with pectin crosslinked with calcium was lower than that of non-crosslinked counterparts. Specific surface area of
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Part 2: Cellulose-pectin composite aerogels