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Detoxification with Ca(OH)2 has been proved as an effective method for detoxifying various lignocellulosic hydrolysates liquor. The present work aims to study the effect of overliming conditions on synthetic solutions including glucose, xylose, hydroxymethylfurfural (HMF), furfural (FF), and their various mixtures. Experimental design in line with chromatographic analysis was used to explain the influence of three main factors with distinct levels: pH, temperature, and detoxification time.

Furans showed stability under all the studied conditions: pH (0.2; 4; 6; 10, and 12), temperature (25 and 60°C), and detoxification time (15, 30, and 60 minutes) even after reflux. Xylose and glucose degradation was observed at pH 12 and followed the same pattern at various treatments.

These findings are of great importance revealing the influence of sugar degradation products released at pH 12, with a maximum absorbance of 280 nm, and correlating them to furans loss.

INTRODUCTION

Lignocellulose constitutes most abundant and bio-renewable biomass on earth (Isikgor and Becer, 2015). It is a cheap renewable resource, available in large amounts [START_REF] Coz | Physico-Chemical Alternatives in Lignocellulosic Materials in Relation to the Kind of Component for Fermenting Purposes[END_REF] composed mainly of cellulose (9%-80%), hemicellulose (10%-50%), and lignin (5%-35%) (Xu and Li, 2017). In order to be valorized, it has to be converted by several chemical and/or biological processes [START_REF] Chundawat | Deconstruction of Lignocellulosic Biomass to Fuels and Chemicals[END_REF]. The conversion itself requires the cellulose and hemicellulose to be hydrolyzed into their corresponding monomers (sugars) for utilization by microorganisms [START_REF] Saini | Lignocellulosic agriculture wastes as biomass feedstocks for second-generation bioethanol production: concepts and recent developments[END_REF]. Although many pretreatment approaches have been developed over the years [START_REF] Kucharska | Pretreatment of Lignocellulosic Materials as Substrates for Fermentation Processes[END_REF], dilute acid hydrolysis (DAH) appears to be the most preferred technique for large-scale applications [START_REF] Shahbazi | Dilute and concentrated acid hydrolysis of lignocellulosic biomass[END_REF]. Cellulose can be degraded into glucose, and hemicellulose can be degraded into xylose, mannose, acetic acid, galactose, and glucose (Jönsson et al., 2013;[START_REF] Kucharska | Pretreatment of Lignocellulosic Materials as Substrates for Fermentation Processes[END_REF].

The most important by-products, formed during the DAH, were identified as furan derivatives: furfural (FF) and 5-hydroxymethylfurfural (HMF), carboxylic acids, acetic acid, formic acid, levulinic acid, and phenolic compounds [START_REF] Jönsson | Pretreatment of lignocellulose: Formation of inhibitory byproducts and strategies for minimizing their effects[END_REF][START_REF] Wierckx | Microbial degradation of furanic compounds: biochemistry, genetics, and impact[END_REF].

The two furan aldehydes: FF and HMF are the most harmful due to their strong toxicity to microorganisms and high concentrations in the hydrolysate [START_REF] Heer | Identification of furfural as a key toxin in lignocellulosic hydrolysates and evolution of a tolerant yeast strain: Evolution towards key toxin tolerance[END_REF]. According to [START_REF] Wang | Dilute Acid Pretreatment of Corncob for Efficient Sugar Production[END_REF], the amounts of furfural formed at 170°C for an acid charge of 1.1 % -2.2 % ranged from 5 to 7.5 g.L -1 . As a result of their synergistic effect, the inhibitory outcome of those molecules was higher when combined [START_REF] Mussatto | Alternatives for detoxification of diluted-acid lignocellulosic hydrolyzates for use in fermentative processes: a review[END_REF][START_REF] Wierckx | Microbial degradation of furanic compounds: biochemistry, genetics, and impact[END_REF]. When HMF was combined with FF, very little conversion occurred until all of the FF was converted; additionally, the transformation rates of both FF and HMF were lower than when they were separately tested [START_REF] Taherzadeh | Physiological effects of 5hydroxymethylfurfural on Saccharomyces cerevisiae[END_REF].

Detoxification of the DAH by physical, chemical, or biological methods is strongly required to obtain a high conversion yield [START_REF] Kim | Physico-Chemical Conversion of Lignocellulose: Inhibitor Effects and Detoxification Strategies: A Mini Review[END_REF][START_REF] Purwadi | Continuous ethanol production from dilute-acid hydrolyzates: detoxification and fermentation strategy[END_REF]. The most cost-effective method for conditioning wood hydrolysates is the treatment with lime referred to as "overliming" [START_REF] Mohagheghi | Conditioning hemicellulose hydrolysates for fermentation: Effects of overliming pH on sugar and ethanol yields[END_REF]. In the first step, lime is added to strongly raise the pH of the hydrolysate liquor, even though lime hydration is a highly exothermic reaction, heating may still be required to reach the desired temperature. Once the pH and temperature have been set, the solution was kept at that temperature for a period of time [START_REF] Martinez | Detoxification of Dilute Acid Hydrolysates of Lignocellulose with Lime[END_REF][START_REF] Martinez | Effects of Ca(OH)2 treatments ("overliming") on the composition and toxicity of bagasse hemicellulose hydrolysates[END_REF]. The second step is to filtrate the gypsum precipitate formed by the combination of the divalent calcium in the lime with the sulfate in the hydrolysate [START_REF] Mohagheghi | Conditioning hemicellulose hydrolysates for fermentation: Effects of overliming pH on sugar and ethanol yields[END_REF]. Finally, the reacidification of the hydrolysate to a pH value (4-5), appropriate for fermentation, will complete the process [START_REF] Sjulander | Origin, Impact and Control of Lignocellulosic Inhibitors in Bioethanol Production-A Review[END_REF]. A potential drawback of the overliming process is the sugar loss as a result of hydroxide catalyzed degradation reactions [START_REF] Millati | Effect of pH, time and temperature of overliming on detoxification of dilute-acid hydrolyzates for fermentation by Saccharomyces cerevisiae[END_REF][START_REF] Purwadi | Kinetic study of detoxification of dilute-acid hydrolyzates by Ca(OH)2[END_REF].

Alkali treatment affects the concentration of the toxic compounds analyzed [START_REF] López-Linares | Production of Ethanol from Hemicellulosic Sugars of Exhausted Olive Pomace by Escherichia coli[END_REF][START_REF] Zhang | Effect of overliming and activated carbon detoxification on inhibitors removal and butanol fermentation of poplar prehydrolysates[END_REF], but the reason(s) behind the great improvement in fermentability remain(s) to be identified. The chemistry knowledge behind the detoxification process is still limited due to the matrix complexity of the lignocellulosic hydrolysate and the number of variables included in the overliming process (pH, temperature, and detoxification time), [START_REF] Millati | Effect of pH, time and temperature of overliming on detoxification of dilute-acid hydrolyzates for fermentation by Saccharomyces cerevisiae[END_REF][START_REF] Ranatunga | The effect of overliming on the toxicity of dilute acid pretreated lignocellulosics: the role of inorganics, uronic acids and ether-soluble organics[END_REF].

According to a previous study performed on (DAH) of olive stones, overliming was found to decrease furans, and sugar concentrations at pH 12 [START_REF] Andary | Application of 2D correlation spectroscopy on olive stones acid hydrolysates: Effect of overliming[END_REF]. Moreover, the analysis of the obtained chromatograms with two-dimension correlation spectroscopy (2DCOS) highly correlated the furans loss: a) to xylose degradation and b) to a group of peaks eluted at the beginning of the chromatograms. The degradation of the sugars was low in mild conditions and has increased with the rise of the pH and the temperature.

The current study is expected to further advance the understanding of the detoxification mechanism by overliming. Therefore, the present work aims to: 1) determine how conditioning pH over a range of values (0.2; 6; 4; 10, and 12) affects the behavior of furans, sugar, or their mixture, in synthetic solutions, 2) study the impact of sugar degradation products on furans stability, and 3) simulate the operating conditions of treated lignocellulosic material, and thus, conduct a stability study after diluted acid refluxing of each solution. The effects of the different detoxification variables (pH, temperature, and time) were measured first on simple solutions (furans or sugars) to eliminate any possible compound interaction. Further experiments were completed on their mixtures (furans and sugars) with or without reflux.

MATERIAL AND METHODS

Solutions preparation

Synthetic solutions with similar concentrations as those found in the acid hydrolysate of olives stones were used: HMF 11 mg.L -1 , FF 52 mg.L -1 , Glucose 5 g.L -1 , and Xylose 10 g.L -1 [START_REF] Andary | Application of 2D correlation spectroscopy on olive stones acid hydrolysates: Effect of overliming[END_REF]. Experiments have included simple solutions of sugars, furans, and binary solutions (sugars with furans) under different operating conditions, as illustrated in Table 1. All solutions were freshly prepared.

To elucidate the influence of temperature and treatment time regardless of the overliming pH, the initial study was done at pH 6 (pH of distilled water). The pH 0.2 represents the acid solution (H2SO4) similar to that applied during the hydrolysis of olive stones. Both pH 10 and 12 were the values used during liming conditioning.

Overliming was carried out with a Ca(OH)2 solution (50 g.L -1 ), [START_REF] Millati | Effect of pH, time and temperature of overliming on detoxification of dilute-acid hydrolyzates for fermentation by Saccharomyces cerevisiae[END_REF][START_REF] Purwadi | Kinetic study of detoxification of dilute-acid hydrolyzates by Ca(OH)2[END_REF]. Samples were stirred under specific conditions (pH, temperature, and time) and then vacuum filtered. After overliming, sulfuric acid was added to reach a pH value between 4 and 5 [START_REF] Mohagheghi | Conditioning hemicellulose hydrolysates for fermentation: Effects of overliming pH on sugar and ethanol yields[END_REF].

Sugar degradation products were prepared from a mixture of glucose 5 g.L -1 + xylose 10 g.L -1 .

When pH 12 was reached by the addition of Ca(OH)2, the solution was heated at 40°C for 30 minutes. This solution was kept in ice to stop degradation, centrifuged, and then filtered to eliminate the lime. Furans concentrations were added with values similar to those found in the DAH of olive stones (HMF 11 mg.L -1 and FF 52 mg.L -1 ).

Experimental design

Table 1 shows an experimental design created with the NemrodW software to investigate changes in the composition of each solution [START_REF] Lewis | Pharmaceutical experimental design, Drugs and the pharmaceutical sciences[END_REF]. The factorial design with center repetition (2 2 ) was applied for simple solutions of furans, xylose, glucose, and their mixtures, where stability was detected. Every experimental setup investigated evolution under extreme conditions (30°C and 60°C temperature levels for 0 and 60 minutes of incubation time), as well as a center repetition (45°C for 30 minutes). Consequently, the total number was 4x5x3=60 experiments. This protocol consisted of four different pH values (0.2; 6; 4, and 10), five different experiments for each pH value, and three repetitions for each.

For simple furans solution (HMF + FF), the design included five pH values (0.2; 6; 4; 10, and 12) and a total number of 5x5x3=75 experiments. While in the presence of the sugars, furans evolution has covered, the pH values of (0.2; 4; 6, and 10), so the total number obtained was 4x5x3 = 60 experiments.

As sugar degradation was reported at pH 12, furans stability, in the presence of one of the sugars and/ or their mixture at this pH, was closely monitored. The experimental study was more detailed and comprised several periods ranging from zero to 60 minutes. For each solution, the total number of tests, including repetitions, was 7x4x3=84, where 7 is the interval of time, 4 is the temperature levels and 3 is the number of repetitions.

The reflux heating was applied for synthetic solutions of sugars and furans as well as to their mixtures. When the desired pH was reached, sulfuric acid was added to bring it closer to 4 (noted as→ 4). Overliming was performed under various conditions with four different values of pH (10; 10 → 4; 12, and 12 → 4), two different temperatures (25 or 60°C), and time intervals of varying lengths (0 min, 15 min, 30 min, and 60 min). In this case, the total number of chromatograms was 4x2x4x3= 96 separate ones for each solution, where 4 represents the pH level, 2 is the temperature, 4 is the time interval, and 3 is the number of repetitions.

Type of analysis

Solution Standard

HPLC-UV FF 52 mg.L -1 + HMF 11mg.L -1 Acetaminophen 1 g.L -1 Furans + Sugars Sugar degradation products HPLC-RI Xylose 10 g.L -1

Fructose 50 g.L -1 Glucose 5 g.L -1 Arabinose 25 g.L -1 Xylose10 g.L -1 + Glucose 5 g.L -1 Sucrose 50 g. 

Analytical methods

High-performance liquid chromatography (HPLC) was used to analyze the samples [START_REF] Andary | Application of 2D correlation spectroscopy on olive stones acid hydrolysates: Effect of overliming[END_REF]. The stability of D-glucose and D-xylose was analyzed using an Aminex column (Thermo Electron APS-Hypersil) and a refractive index detector (RI-150 Spectra System, Thermo Finnigan). The eluent was an isocratic phase composed of acetonitrile and water (95/5: v/v) at a flow-rate of 1 mL.min -1 . Fructose, arabinose, and sucrose were used as internal standards for xylose, glucose, and the binary sugar solution glucose + fructose, respectively (Table 1).

The stability of furans and their evolution after refluxing, in the presence or absence of sugars, was analyzed by UV-HPLC. Furans and sugar degradation products were analyzed on a C18 column with a UV detector at 280 nm (UV 1000-Thermo Finnigan). The mobile phase was composed of ultra-pure water, methanol, and acetic acid (80/10/3: v/v/v) with acetaminophen as the internal standard. The flow was programmed to allow maximum separation of constituents: 0.5 mL.min -1 from 0 to 10 min, 1 mL.min -1 from 10 to 11 min (hold 9 min).

RESULTS AND DISCUSSION

Sugar evolution

Initially, the effect of various treatment parameters was studied on synthetic solutions of simple carbohydrates glucose and xylose with concentrations of 5 g.L -1 and 10 g.L -1 , respectively.

Results showed that the two monosaccharides remained stable at the targeted pH (s) (0.2; 4; 6, and 10) throughout all temperature and time combinations tested (Fig. 1 A andB). In contrast, the monosaccharides profiles were affected by an increase in Ca(OH)2 consumption to achieve a higher pH level. After 10 minutes of treatment at pH 12 and 40°C, the degradation process began (Fig. 1 C andD). Temperature and treatment time both influenced sugar losses. Concentrations of glucose and xylose decreased by 65.11 % and 84.7%, respectively, under extreme conditions (pH 12 at 60°C for 60 minutes). [START_REF] Millati | Effect of pH, time and temperature of overliming on detoxification of dilute-acid hydrolyzates for fermentation by Saccharomyces cerevisiae[END_REF] also reported that sugar losses were low (2%) for treatment times of 1 hour or less at pH 10, but a significant decrease (68%) was observed at pH 12, 25°C after 170 hour of overliming with Ca(OH)2. Martinez et al., 2000, previously found that the increase in Ca(OH)2 consumption was associated with a decrease in sugar content, which was most noticeable at 60°C.

In the case of a sugar mixture (glucose + xylose), a similar but less intense behavior was observed (Fig. 1 E andF). At the harshest conditions, 21.54 % of glucose and 46.3 % of xylose were degraded, resulting in a less sharp decline. Therefore, it is possible to conclude that sugar loss was more obvious when only one substrate was present.

Xylose degradation was more remarkable than the glucose one. The degree of sugar degradation or rearrangement is determined by several factors, including the concentration and type of sugar, the temperature, the duration of treatment, and the concentration and type of alkali. [START_REF] Mohagheghi | Conditioning hemicellulose hydrolysates for fermentation: Effects of overliming pH on sugar and ethanol yields[END_REF] also observed a greater diminution of xylose sugar at pH 11 in comparison to the glucose one. [START_REF] Nilvebrant | Limits for Alkaline Detoxification of Dilute-Acid Lignocellulose Hydrolysates[END_REF], previously reported that xylose degraded faster than the other hexoses (glucose, mannose, and galactose). The same authors concluded that monomeric sugars degraded in essentially the same pattern at different temperatures and pH values, besides that pH dependency increased with higher temperature. These findings were consistent with our study, which found that the shape of the degradation curves for xylose and glucose was similar.

There was no degradation observed at 30°C, whereas higher temperatures resulted in a more extensive diminution of the studied monosaccharides (Fig. 1 C-F). 

Characterization of sugar degradation products

Sugar degradation at pH 12 was characterized by a yellowish coloration that intensified with temperature and time. The scanning of the new-formed products for wavelengths ranging from 200 to 400 nm revealed maximum absorbance at 280 nm, as shown in Appendix A. The superimposition of chromatograms from HPLC-UV analyses of glucose, xylose, and their mixture revealed the same degradation products, eluted at 3.4; 3.6, and 4.1 minutes, indicating that the reaction pathways were likely similar. The intensity of the xylose degradation chromatograms was clearly superior than that of the glucose one. According to [START_REF] Martinez | Effects of Ca(OH)2 treatments ("overliming") on the composition and toxicity of bagasse hemicellulose hydrolysates[END_REF], pentoses were less stable than hexoses sugars. Treatment of the sugar mixture at 60°C for more than 50 minutes, induced a decrease in the intensity of the degradation products, probably due to their instability under these operating conditions Appendix A.

The initial stages of alkaline degradation of monosaccharides, known as the Lobry de Brujn-Alberda van Ekenstein rearrangement, result in enediol intermediate. This latter is then subjected to additional non-reversible degradation reactions, such as elimination, benzylic-acid rearrangements, and aldol condensation reactions, with subsequent color formation [START_REF] Angyal | The Lobry de Bruyn-Alberda van Ekenstein Transformation and Related Reactions[END_REF]. Significantly, low-molecular-weight organic acids (e.g., formic acid, acetic acid, oxalic acid, lactic acid, and tartaric acid), aldehydes (e.g., formaldehyde, glyceraldehyde, hydroxybutyraldehyde, and glycolaldehyde), and ketones (e.g., methylglyoxal, 1,3dihydroxyacetone, and diacetyl) were generated during hexose alkaline degradation reactions.

According to [START_REF] Luo | Structural elucidation of highmolecular-weight alkaline degradation products of hexoses[END_REF], the previous alkaline low-molecular-weight degradation products can be polymerized to form high-molecular-weight alkaline degradation products that are related to color formation. As per [START_REF] Eggleston | Degradation of Sucrose, Glucose and Fructose in Concentrated Aqueous Solutions Under Constant pH Conditions at Elevated Temperature[END_REF], glucose degradation and formation of organic acids were also concomitant with color development. Earlier studies observed a direct relationship between color formation from the alkaline degradation of monosaccharides and >C6 organic acid formation, which was more pronounced in more concentrated monosaccharide solutions [START_REF] De Bruijn | Alkaline Degradation of Monosaccharides Part VII. A Mechanistic Picture[END_REF].

Furans' evolution

To assess the dynamic behavior of furans during detoxification, the effect of various treatment combinations was first tested on simple synthetic solutions (HMF 11 mg.L -1 and FF 52 mg.L -1 ).

Furans concentrations remained stable under the pH ranges (0.2; 4; 6; 10 and 12), as shown in Fig. 2 A andB. Surprisingly, the basic pH values (10 and 12) were safe in terms of furan loss at all temperatures (30, 45, and 60°C) and time combinations tested. These findings were unexpected given that overliming had previously been reported as the most commonly used treatment in decreasing the toxicity of hemicellulose hydrolysate by converting furans derivatives into less toxic compounds [START_REF] Martinez | Detoxification of Dilute Acid Hydrolysates of Lignocellulose with Lime[END_REF][START_REF] Millati | Effect of pH, time and temperature of overliming on detoxification of dilute-acid hydrolyzates for fermentation by Saccharomyces cerevisiae[END_REF][START_REF] Zhang | Effect of overliming and activated carbon detoxification on inhibitors removal and butanol fermentation of poplar prehydrolysates[END_REF]. Furthermore, furans were found to be stable in the presence of sugar at the following pH (s) values (0.2; 4; 6; and 10). There was no significant difference in furans concentrations in the presence of glucose (Fig. 2 C and F), xylose (Fig. 2 D andG), or their mixture (Fig. 2 E andH).

It can be deduced that a) neither high pH values, nor temperature or time, were involved in the degradation of furans. b) there was no interference between synthetic furans and sugar solutions at pH(s) (0.2; 4; 6; and 10).

Effect of sugar degradation products on furans stability

Understanding the evolution mechanisms of individual compounds found in lignocellulosic material, as well as their interactions will enable the overliming conditions to be optimized. Fig. 2 I-N demonstrated that in the presence of sugar degradation products released at pH 12, HMF and FF concentrations decreased in a parallel manner as a function of temperature and treatment time. It is interesting to note that the decline (or modification) of furans was more evident in the presence of xylose degradation products than in the presence of glucose ones. After one hour of overliming at pH 12 at 30°C, initial HMF and FF concentrations were decreased by 66.73 % and 76.18 % respectively in the presence of sugar mixture (glucose + xylose) (Fig. 2 K andN); 72 % and 66.22 % in the presence of xylose (Fig. 2 J andM), but only 9.72 % and 11.51 % in the presence of glucose (Fig. 2 I andL).

Furthermore, in the presence of xylose, the degradation behavior of furans was consistent across all temperature treatments. After 10 minutes of overliming at 40°C, initial concentrations of HMF and FF were reduced by 79.5 % and 73.2 %, respectively in the presence of sugar mixture (Fig. 2 K andN); 66.5 % and 62.2 % in the presence of xylose (Fig. 2 J and M), while just 17.63 % and 17.98 % loss was reported in the case of glucose (Fig. 2 I andL). The two inhibitors were almost completely removed after 20 minutes of treatment at higher temperatures of 50 and 60°C in the presence of xylose (Fig. 2 J, M, K andN). This can be attributed to the sugar initial concentration; xylose was present with 10 g.L -1 , twice the initial concentration of glucose, and highest vulnerability of the pentose in alkali medium (Fig. 1, D andF).

Results were concordant with [START_REF] Andary | Application of 2D correlation spectroscopy on olive stones acid hydrolysates: Effect of overliming[END_REF][START_REF] Purwadi | Kinetic study of detoxification of dilute-acid hydrolyzates by Ca(OH)2[END_REF], who noticed that both sugar and furfural have undergone a quick initial conversion/degradation, when overlimed with Ca(OH)2 at pH 12 and 30°C. However, they disagree with the explanation of furans loss, which suggests that the exothermicity of lime hydration and heating of the hydrolysate reduces the solubility of gypsum (formed by divalent calcium from the lime combined with sulfate in the hydrolysate) and leads to the removal of volatile compounds such as furfural [START_REF] Mohagheghi | Conditioning hemicellulose hydrolysates for fermentation: Effects of overliming pH on sugar and ethanol yields[END_REF][START_REF] Olsson | Fermentation of lignocellulosic hydrolysates for ethanol production[END_REF]. The data analysis generated from the previous combination of treatments provides new insights into liming and confirms the role of products resulting from sugar degradation and their involvement in furans decrease. This conclusion agrees with the explanation implying that potential inhibitors were removed mainly through conversion rather than through filtration of precipitate [START_REF] Persson | Effect of Different Forms of Alkali Treatment on Specific Fermentation Inhibitors and on the Fermentability of Lignocellulose Hydrolysates for Production of Fuel Ethanol[END_REF].

Furans + Glucose

Furans + Xylose Furans + Xylose + Glucose Treatments at pHs (0.2; 4; 6 and 10) 

Overliming at pH 12

Stability study after reflux

Analysis of the lignocellulosic hydrolysate is not a simple method due to the complexity of the matrix and the diversity of constituents formed during the overliming process [START_REF] Sjulander | Origin, Impact and Control of Lignocellulosic Inhibitors in Bioethanol Production-A Review[END_REF]. Thus, overliming treatment preceded by acid refluxing simulates DAH operating conditions and may reveal potential chemical interactions. Reflux heating was applied to three types of solutions: furans, sugars, and their mixture.

As for furans evolution with prior reflux, the combination of overliming treatments at distinct pH levels (10 ,10 → 4, 12 and 12 → 4) had no effect on the initial furans concentrations (Fig. 3 A, D, J andG). The acidification at pH 4 hasn't also influenced the stability results for the said solutions. These outcomes were expected since that simple furans solutions appeared to be resistant to pH variation, demonstrating that neither acid refluxing with H2SO4 nor overliming with Ca(OH)2 were the cause of furans' decline.

Evolution of the mixture: glucose + xylose

After reflux heating with sulfuric acid, the solution containing 5 g.L -1 glucose and 10 g.L -1 xylose has yielded: 5.0 g.L -1 glucose, 9.0 g.L -1 xylose, 4.21 mg.L -1 HMF, and 60.12 mg.L -1 FF. It is well known that pentose sugars can be degraded to furfural during acid hydrolysis, whereas hexoses can generate 5-hydroxymethylfurfural [START_REF] Heer | Identification of furfural as a key toxin in lignocellulosic hydrolysates and evolution of a tolerant yeast strain: Evolution towards key toxin tolerance[END_REF]Jönsson et al., 2013;[START_REF] Larsson | Comparison of different methods for the detoxification of lignocellulose hydrolyzates of spruce[END_REF]. Concentrations resulting from the analysis were very close to those obtained with DAH of olive stones.

HPLC-RI analysis of the previous solution, revealed the distinctive carbohydrates behavior at two studied pH levels. Stability was detected at pH 10 and 10 → 4 for both glucose and xylose (Fig. 1, G andH). However, at pH 12 and 12 → 4 a decreasing trend influenced by the high temperature level of treatment was evident. At 30°C, no significant change was found, whereas at 60°C, a greater decline was observed in xylose concentration. Under the described conditions, xylose loss was three times greater than the glucose one 44.76 % versus 14.73% (Fig. 1 K andL).

HPLC-UV analysis showed furans evolution (produced from sugar hydrolysis) as represented in Fig. 3 B, E, H and K. A decline in the FF concentration was noted for the first time at pHs: 10 and 10 → 4 particularly for 15 minutes of treatment at 60°C (Fig. 3 E). The observed decrease may be due to the interaction of the FF with sugars degradation products originated from the acid hydrolysis. Acidic pretreatment typically degrades sugar and produces sugar acids and aliphatic acids, primarily acetic, formic, and levulinic acid [START_REF] Palmqvist | Fermentation of lignocellulosic hydrolysates. II: inhibitors and mechanisms of inhibition[END_REF]. Another explanation proposed by [START_REF] Mayr | The Reactions of Cellulose and Hemicellulose De-gradation Products in the Viscose Fibre Spin Bath 6[END_REF], is that intermediate products, such as furfural and derivatives, are formed from cellulose and hemicellulose degradation products, which readily polymerize and yield solid deposits. Similarly, to sugars, furans concentration decreased as overliming pH increased to 12 and 12 →4; after 15 minutes of overliming at 60°C, FF and HMF concentrations tended to zero (Fig. 3 H andK).

Evolution of the mixture: sugars + furans

After one hour of acid reflux of a sugar and furans cocktail solution: 5 g.L -1 glucose + 10 g.L -1 xylose + 11 mg.L -1 HMF + 52 mg.L -1 FF, the following concentrations were obtained: 4.97 g.L -1 glucose + 9.0 g.L -1 xylose + 10.34 mg.L -1 HMF and 123.79 mg.L -1 FF. At low pH level, only a slight decrease was observed in case of xylose at 60°C (Fig. 1 J). The effect of temperature was not as pronounced as the effect of pH; nevertheless, the effect of temperature was only noticeable at high pH. The losses of glucose and xylose were 33% and 74%, respectively, at pH l2 and 60°C. A minor deterioration was observed while acidifying to pH 4. When compared to their behavior under the same conditions, the presence of furans in the medium at pH 12 resulted in an additional decrease in sugar concentrations (Fig. 1 M andN).

In accordance with our findings, [START_REF] Martinez | Effects of Ca(OH)2 treatments ("overliming") on the composition and toxicity of bagasse hemicellulose hydrolysates[END_REF] found that little furan destruction occurred during Ca(OH)2 treatments below pH 7.5, but that the extent of destruction or modification at pH 10 was greater at 60°C than at 25°C (Fig. 3 C andE). With the intensity of sugar degradation products formed at pH 12, furans concentrations were dramatically reduced (Fig. 3 I andL).

Degradation began at 30°C and was time dependent. As previously reported, for only 15 minutes of overliming at 60°C, HMF and FF concentrations were reduced by 77.96% and 94.76%, respectively. These concentrations were nearly negligible with the pursuit of overliming.

Table and Figures caption

Table 1: Synthetic solutions concentrations analysis and experimental design. 

Fig. 1 :

 1 Fig. 1: Evolution of sugars under different operating conditions where (A-D) simple carbohydrates; (E-F) carbohydrates mixture at pH 12; (G-J) carbohydrates mixture with a prior reflux at pH 10 and (K-N) carbohydrates mixture with a prior reflux at pH 12.

Fig. 2 :

 2 Fig. 2: Evolution of furans under different operating conditions where (A-B) simple furans; (C-H) furans + carbohydrates mixture at different pHs (0.2; 4; 6 and 10); and (I-N) furans + carbohydrates mixture at pH 12.

Fig. 1 :

 1 Fig. 1: Evolution of sugars under different operating conditions where (A-D) simple carbohydrates; (E-F) carbohydrates mixture at pH 12; (G-J) carbohydrates mixture with a prior reflux at pH 10 and (K-N) carbohydrates mixture with a prior reflux at pH 12.

Fig. 2 :

 2 Fig. 2: Evolution of furans under different operating conditions where (A-B) simple furans; (C-H) furans + carbohydrates mixture at different pHs (0.2; 4; 6 and 10); and (I-N) furans + carbohydrates mixture at pH 12.

Fig. 3 :

 3 Fig. 3: Evolution of furans under different operating conditions after reflux where (A-E) represents the overliming at pH 10 of the mixture furans + carbohydrates and (G-L) represents the overliming at pH 12 of the mixture furans + carbohydrates.
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 1 Synthetic solutions concentrations analysis and experimental design.
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Comparison of different solutions evolution with or without refluxing

The analysis of the tested solutions revealed that overliming is not a straightforward process with well-defined variables. There was no significant variation in sugar synthetic concentrations during overliming at pH 10 regardless of treatment temperature time or prior refluxing (Fig. 1 A -B and G-H). While at pH 12, sugar degradation was accelerated if the solution was previously refluxed with sulfuric acid (Fig. 1 E-F andM-N). Furans in the initial mixture resulted in a greater loss of carbohydrates.

Simple furans solutions have demonstrated stability under a wide range of experimental conditions, including the presence of sugars at pH 10, (Fig. 2 A-H). The acid hydrolysis, followed by liming at pH 10 and 12, and even at pH 4, had no effect on the concentration of furans in simple solution (Fig. 3, A andB). Conversely, in the presence of the sugar degradation products, furans loss was a function of temperature, time, and concentration of sugar in the solution. HMF and FF followed parallel curves reflecting probably similar degradation kinetic [START_REF] Purwadi | Kinetic study of detoxification of dilute-acid hydrolyzates by Ca(OH)2[END_REF]. The best furan degradation result was achieved at pH 12 with sugar in the initial medium. Higher sugar concentrations, as expected, resulted in a greater intensity of degradation products (Fig. 2 I-N). This latter can react with more furan molecules in the medium, which explains the sharp drop at the indicated pH.

Controlling the pH is critical for improving later fermentability because alkali detoxification affects not only inhibitors but also sugar concentrations (Jönsson et al., 2013). As a result, overliming for one hour at pH 12 and a low temperature of 30°C is most likely the best scenario.

Sugar loss was negligible under the described conditions (5.87% for glucose and 10.27 % for xylose, respectively), while approximately one-third of the furan concentration was degraded (32.9 % and 39.4 % for both HMF and FF). To select appropriate overliming conditions, a thorough understanding of the inhibition mechanism and inhibitor formation is required. The acid hydrolysis process is matrix dependent and additional lignocellulose-derived compounds can be generated during pretreatment [START_REF] Sjulander | Origin, Impact and Control of Lignocellulosic Inhibitors in Bioethanol Production-A Review[END_REF]. Extrapolation of the values presented ahead to any other hydrolysates should be done with caution.

Furans evolution in the presence of sugar degradation products and future perspectives

Further experiments were conducted to test the hypothesis that the decrease in total furan was caused by sugar degradation products. The previously mentioned products were obtained by overliming at pH 12 for 30 minutes and 40°C a solution of 5 g.L -1 glucose +10 g.L -1 xylose, furans were added with defined concentrations. A spontaneous decrease in both sugar degradation products and furans was observed. This decrease was not related to the incubation time. At 60°C, furans have completely disappeared while sugar degradation products have increased in intensity. This was due to the sugars degrading further in the presence of lime in the medium. Because of their possible thermosensitivity, sugar degradation products had a lower intensity after 60 minutes of incubation at 60°C (Appendix A).

Given the significance of sugar degradation products detected at pH 12, additional GC-MS analysis will be performed with prior BSTFA derivatization. Sugar degradation products chromatograms' fractions and DAH overlimed samples will be analyzed. Preliminary analysis of xylose degradation products revealed a complex mixture of acids (glyceric, malonic, xylonic and ribonic acid…), alcohols (xylitol, adonitol and ribitol…), and sugars ranging from C1 to C6 [START_REF] Eggleston | Degradation of Sucrose, Glucose and Fructose in Concentrated Aqueous Solutions Under Constant pH Conditions at Elevated Temperature[END_REF][START_REF] Novotný | Formation of carboxylic acids during degradation of monosaccharides[END_REF][START_REF] Purwadi | Kinetic study of detoxification of dilute-acid hydrolyzates by Ca(OH)2[END_REF][START_REF] Yang | Alkaline degradation of glucose: effect of initial concentration of reactants[END_REF].

CONCLUSION

The current work has advanced the understanding of overliming by presenting new data that can be used in future applications. At pH 12, sugar degradation followed parallel curves with high intensity in case of xylose. This loss was influenced by previous reflux, temperature, and treatment duration. Simple furan solutions appeared to be resistant to all experimental variations.

Conversely, in the presence of sugar degradation products, furans decrease was a function of temperature, time, and carbohydrate concentration in the solution. Further attention should be dedicated to the identification of sugar degradation products and their specific interaction with furans.
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Appendix A. Supplementary data

Supplementary data to this article can be found online.