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Introduction

Heterologous microbial production of aromatic amino acids-derived compounds has piqued the interest of researchers, particularly p-coumaric acid (p-CA), which is the entry point in the phenylpropanoid pathway. Indeed, p-CA is a precursor to a wide range of high value-added plant secondary metabolites, including p-hydroxycinnamic acids and flavonoids [START_REF]Biotechnological Production and Conversion of Aromatic Compounds and Natural Products, Frontiers Research Topic[END_REF][START_REF] Huccetogullari | Metabolic engineering of microorganisms for production of aromatic compounds[END_REF][START_REF] Liu | Current state of aromatics production using yeast: achievements and challenges[END_REF][START_REF] Shen | Recent Advances in Metabolically Engineered Microorganisms for the Production of Aromatic Chemicals Derived From Aromatic Amino Acids[END_REF].

Furthermore, p-CA is a molecule with a wide range of biological properties (e.g. antioxidant, antimicrobial, antiviral, antimutagenesis) [START_REF] Pei | p-Coumaric acid and its conjugates: dietary sources, pharmacokinetic properties and biological activities[END_REF].

Saccharomyces cerevisiae has been extensively studied and engineered for p-CA heterologous production using various strategies, including screening activity of tyrosine/phenylalanine ammonia lyases (TAL/PAL), rewiring carbon flux, and removing competitive pathways [START_REF] Hartmann | Evolution of feedback-inhibited / barrel isoenzymes by gene duplication and a single mutation[END_REF][START_REF] Liu | Rewiring carbon metabolism in yeast for high level production of aromatic chemicals[END_REF][START_REF] Luttik | Alleviation of feedback inhibition in Saccharomyces cerevisiae aromatic amino acid biosynthesis: Quantification of metabolic impact[END_REF][START_REF] Rodriguez | Establishment of a yeast platform strain for production of p-coumaric acid through metabolic engineering of aromatic amino acid biosynthesis[END_REF].

For example, Liu et al. in 2019 achieved a production of 12.5 g.L -1 of p-CA in a fed-batch fermentation process using an advanced engineered strain of S. cerevisiae [START_REF] Liu | Rewiring carbon metabolism in yeast for high level production of aromatic chemicals[END_REF].

Since p-CA has antimicrobial properties as well as low hydrosolubility and retro-inhibition activity on TAL/PAL involved in the production of trans-cinnamic acid and p-CA, we used a liquid-liquid extraction-based in situ product recovery (LLE-ISPR) process coupled with fermentation using oleyl alcohol as extractant to detoxify the broth and overcome the solubility limit [START_REF] Combes | Intensification of p-coumaric acid heterologous production using extractive biphasic fermentation[END_REF]. This previous study demonstrated the feasibility of continuously removing p-CA in its heterologous production using an engineered S. cerevisiae strain cultivated in a 2X Yeast Nitrogen Base (YNB) without amino acids medium. However, the chemically defined medium used is suitable for laboratory experiments and provides the required consistency but is not economically feasible at industrial scale. According to reports, a chemically defined medium has several advantages, including improved control and monitoring of the fermentation process, rapid scale-up, and a simpler downstream process [START_REF] Dahod | Raw Materials Selection and Medium Development for Industrial Fermentation Processes[END_REF]. However, such a medium is expensive for the fermentation process, making medium optimization critical for large scale metabolite production [START_REF] Juarez-Jimenez | Production of chitinolytic enzymes by a strain (BM17) of Paenibacillus pabuli isolated from crab shells samples collected in the east sector of central Tyrrhenian Sea[END_REF].

Although complex media were used to produce metabolites with high productivity and lowcost fermentation process, they have disadvantages such as a complex downstream process and a lack of reproducibility from batch to batch [START_REF] Zhang | Toward consistent and productive complex media for industrial fermentations: Studies on yeast extract for a recombinant yeast fermentation process[END_REF]. Instead of attempting to develop a synthetic medium, the industry frequently faces the challenge of separating the various components of a complex fermentation medium used to maximise fermentation performance. Furthermore, when the medium is complex, downstream process costs can quickly become overwhelming, and good recovery is not guaranteed [START_REF] Morais | Economic Evaluation of Streptococcus Pneumoniae Culture Media[END_REF]. The aim of this study is to optimize a culture medium that allows for a balance of improved productivity and ease of p-CA extraction. It will ensure continuous product recovery in the case of in situ product recovery and may prevent emulsions in LLE-ISPR process such as biphasic fermentation [START_REF] Combes | Intensification of p-coumaric acid heterologous production using extractive biphasic fermentation[END_REF].

Prior to the advent of modern statistical techniques, media optimization was performed by using classical methods, which were costly, time consuming, and involved a large number of experiments with low precision. Today, media optimization is more effective, efficient, costeffective, and reliable in producing results [START_REF] Singh | Strategies for Fermentation Medium Optimization: An In-Depth Review[END_REF]. One approach to optimizing chemically-defined medium is to conduct a thorough search for components that support the growth of the microorganism and the production of the desired product using design of experiment (DoE).

First, screening a large number of specific nutrients allows for the determination of whether they serve a specific purpose in the metabolism of interest and, if not, a reduction in the list of medium components [START_REF] Singh | Strategies for Fermentation Medium Optimization: An In-Depth Review[END_REF]. Furthermore, medium nutrient components must be cost-effective, easily accessible, and consistent from lot to lot [START_REF] Dahod | Raw Materials Selection and Medium Development for Industrial Fermentation Processes[END_REF]. Then, optimization techniques such as response surface methodology (RSM) are used to determine the optimum value for each factor evaluated [START_REF] Singh | Strategies for Fermentation Medium Optimization: An In-Depth Review[END_REF].

In addition to the effect of medium composition on metabolites production, pH is an essential factor with a double impact. Acidic pHs will promote the undissociated form of p-CA, which will facilitate extraction; however, if p-CA behaves similarly to other weak acids (e.g. acetic and lactic acid), undissociated forms may diffuse passively into the cells and, once inside, dissociate due to the higher pH and cause acidification of yeast cytoplasm. Then, the yeast uses an ATP pump to regulate its intracellular pH, which is an energy-consuming process [START_REF] Thomas | Influence of Medium Buffering Capacity on Inhibition of Saccharomyces cerevisiae Growth by Acetic and Lactic Acids[END_REF].

Furthermore, when the external pH is 3.0, the intracellular pH of S. cerevisiae is usually maintained between 5.5 and 5.8, or between 5.9 and 6.8 when the external pH is varied between 6 and 10 [START_REF] Imai | Measurement of yeast intracellular pH by image processing and the change it undergoes during growth phase[END_REF][START_REF] Imai | The relationship between viability and intracellular pH in the yeast Saccharomyces cerevisiae[END_REF]. It is worth noting that the optimum pH for TAL/PAL is alkaline [START_REF] Jendresen | Highly Active and Specific Tyrosine Ammonia-Lyases from Diverse Origins Enable Enhanced Production of Aromatic Compounds in Bacteria and Saccharomyces cerevisiae[END_REF], and thus pH influences the p-CA production rates. Furthermore, Thomas et al. demonstrated in 2002 that the limited growth of S. cerevisiae in minimal medium was caused by a very rapid decrease in pH in the fermentation medium [START_REF] Thomas | Influence of Medium Buffering Capacity on Inhibition of Saccharomyces cerevisiae Growth by Acetic and Lactic Acids[END_REF]. For example, with ammonium sulfate as nitrogen mineral source, when metabolized, free acid was liberated and broth pH was acidified due to the rapid uptake of ammonia [START_REF] Dahod | Raw Materials Selection and Medium Development for Industrial Fermentation Processes[END_REF][START_REF] Kampen | Nutritional Requirements in Fermentation Processes[END_REF], indicating the need to buffer or regulate the pH of the medium.

The aim of this study was to minimize the number of medium components to only those required for strain growth, p-CA production, and extraction. Therefore, the limited number of compounds would contribute to achieving an economically viable medium and process.

To this end, we first performed a DoE using a Plackett Burman design [START_REF] Plackett | The design optimum multifactorial experiments[END_REF], in order to screen a maximum of compounds and eliminate those that did not contribute significantly to p-CA production. After selecting the essential compounds, we conducted a central composite face (CCF) design to optimize the final medium, by investigating the C/N ratio and the pH. Finally, the obtained and optimized medium was studied in batch and biphasic extractive fermentations at two pHs (4.5 and 6.0) in bioreactors.

This work presents for the first time the creation of an optimized semi-defined medium for the heterologous production of p-CA and its application in extractive fermentations.

Materials and Methods

ABG010: Engineered S. cerevisiae strain

An engineered S. cerevisiae strain (ABG010) was provided by Abolis Biotechnologies, France. This strain was engineered to produce de novo p-CA. Information regarding ABG010 relevant characteristics can be found in previous work [START_REF] Combes | Intensification of p-coumaric acid heterologous production using extractive biphasic fermentation[END_REF].

Media

Yeast extract peptone dextrose (YEPD) medium was used for yeast preculture and consisted of 20 g.L -1 of peptone (Fisher Scientific, Belgium), 10 g.L -1 of yeast extract (Fisher Scientific, Belgium), and 20 g.L -1 of D-glucose (Thermo Fisher (Kandel) GmbH, Germany). This medium was sterilized by autoclaving at 121 °C for 20 min (glucose separately and added after cooling).

The optimized semi-defined medium (OSD) consisted of 20 g.L -1 of D-glucose, 1 g.L -1 of yeast extract, 3 g.L -1 of KH2PO4 (Sigma-Aldrich, France), and 1 g.L -1 of (NH4)2SO4 (Acros Organics, France). A stock solution of each medium element was prepared and autoclaved separately at 121 °C for 20 min.

Design of experiments (DoE) and fermentation conditions

For each DoE, the strain was precultured in 500 mL baffled flasks containing 50 mL of YEPD medium and grown overnight at 30 °C and 180 rpm. The preculture was inoculated from an inoculum kept at -80 °C. Each DoE experiment consisted of a 25 mL fermentation medium in 250 mL baffled flasks. The medium for each experiment was defined by the DoE (details are provided below) with the addition of 20 g.L -1 D-glucose. 1 g.L -1 yeast extract and a specific concentration of KH2PO4/K2HPO4 buffer were also added (Stock solutions were prepared at 1 M in Elix water and pH was adjusted by adding appropriate acid/base conjugate molar ratios).

For each DoE, experiments were inoculated with the same pre-culture to achieve an initial optical density at 620 nm (OD620 nm) of 0.2, and fermentations were carried out for 72 h at 30 °C and 180 rpm.

Biphasic and one-phase batch fermentations in bioreactors

The strain was pre-cultured for each experiment as described in a previous work [START_REF] Combes | Intensification of p-coumaric acid heterologous production using extractive biphasic fermentation[END_REF]. The description of the bioreactors and related equipment can be found in this previous work.

Temperature was kept at 30 °C and the pH (4.5 or 6.0) was controlled using KOH 1 M or H2SO4 0.5 M solutions.

For biphasic fermentations, the configuration and operating methods are crucial as described previously [START_REF] Combes | Intensification of p-coumaric acid heterologous production using extractive biphasic fermentation[END_REF]. To overcome water/oil emulsion, agitation was fixed at 75 rpm, and to favor coalescence inside the bioreactor, 0.004% (v/v) of Tween 80 was added when necessary. The working volume for the fermentation medium was 0.5 L and the same volume of oleyl alcohol (cis-9-octadecen-1-ol, ≥ 80%, Merck KGaA) was added at the beginning in biphasic fermentations.

Designs of experiments

Design of experiments (DoE) were constructed and statistical analysis for the development of a defined medium was performed using MODDE ® v12.0 software (Sartorius Stedim Data Analytics, Sweden).

Screening: Plackett Burman design

A Plackett Burman design [START_REF] Plackett | The design optimum multifactorial experiments[END_REF] was used to determine the most important medium components for p-CA production. Ten factors presented in Table 1 were screened at low (-1) and high (+1) levels. Table 1 details the experimental design, which included twelve different experimental runs and three central points.

Optimization: Central Composite Face centered design

Central Composite Face centered (CCF) design was made with two factors, pH -kept constant with phosphate buffer -and C/N which is the ratio of the mass of carbon to nitrogen in the initial medium. The factors and levels of the CCF design model are presented in Table 2. C/N ratios were obtained from mass balance of carbon and azote content in glucose, yeast extract (10% of nitrogen and 50% of carbon), and different concentrations of (NH4)2SO4 (+1 level: 1 g.L -1 ; -1 level: 5 g.L -1 ). In this study, 11 experiments were carried out to assess the effect of the two factors on the production of p-CA. Table 2 shows the actual experimental design matrix.

Analytical methods

Design of experiments analysis

For DoE, fermentations were analyzed after 72 h. Yeast growth was measured by OD620 nm using a spectrophotometer Cary 60 UV-Vis from Agilent. High-performance liquid chromatography was used to analyze p-CA and 4-vinylphenol (4-vp) as previously described [START_REF] Combes | Intensification of p-coumaric acid heterologous production using extractive biphasic fermentation[END_REF].

Bioreactors analysis

2 mL were collected at least every 2 hours during the day in each phase for 72 hours.

Yeast growth, p-CA (in aqueous and organic phases), and 4-vp (in aqueous and organic phases) were analyzed as previously described [START_REF] Combes | Intensification of p-coumaric acid heterologous production using extractive biphasic fermentation[END_REF].

Statistical analysis for biphasic fermentations

The data set size in each experiment is n=2, so the range was used to demonstrate statistical dispersion.

Parameters calculation

Total final concentrations of p-CA or 4-vp in biphasic fermentations were calculated as follows (equation ( 1)): 

𝑇𝑜𝑡𝑎𝑙 [𝑖] 𝑓𝑖𝑛𝑎𝑙 = [𝑖] 72 ℎ 𝑂𝐴 ×

Results and discussion

Definition of an optimized medium to produce p-CA

A DoE-based approach was conducted for the definition of an optimized medium for ABG010 strain growth and p-CA production.

Plackett Burman design: determining major factors

First, a screening DoE was performed to select compounds with a high impact on p-CA production in order to define an optimized medium. MgSO4, MnSO4, CoCl2, Na2MoO4, CaCl2, and thiamine were found to be non-significant. As a result, these parameters were discarded to keep the model complexity low, and the model was-refitted to the response data. The obtained scaled and centered coefficients for the remaining parameters are presented in Figure 1.

According to Figure 1, the effects of CuSO4 and ZnSO4 on p-CA production were not significant, and FeCl3 appeared to be insignificant as well, as a compound in the optimized medium must have a significant impact on p-CA production to be worth the cost of supplementary preparation and supply. As expected, as the inorganic nitrogen source, only (NH4)2SO4 had a significant impact. The effect was negative, indicating that the C/N ratio in this work was too low.

Central Composite Face centered design

After screening medium components, a DoE of optimization, more specifically a CCF DoE, was performed to determine the optimum value for each factor found to be relevant. The C/N ratio and pH were the two parameters examined here.

Following previous observations on the pH impact, it was decided to evaluate it using phosphate buffer. Previous research with ABG010 demonstrated that continuous regulation at pH 6.0, as opposed to pH 4.5, promotes p-CA productivity (pH range 4.5 to 6 was investigated in a previous DoE and pH 6 seemed optimal, supplementary Figure 1). This result is thought to be caused by the alkaline optimum pH of TAL and PAL [START_REF] Combes | Intensification of p-coumaric acid heterologous production using extractive biphasic fermentation[END_REF]. As a result, in order to determine the optimum pH, we investigated pH levels that were initially set at 6.0 or higher alkaline levels (7.0 and 8.0). In the CCF DoE presented here, experiments were buffered with 0.08 M phosphate buffer. Figure 2 presents the response contour plot of this DoE, which shows the response as a function of C/N ratio and pH. Statistical parameters of validation for the model are presented in Table 3.

R 2 is the goodness-of-fit measure for linear regression models, it characterizes how well the regression model fits the raw data. A R 2 of 1 indicates a perfect model, therefore, for this CCF DoE, there is a good correlation between the model and the raw data (R 2 =0.95, Table 5). The Q 2 parameter is the goodness-of-prediction, and it estimates the predictive power of the model.

In this CCF DoE, the model showed good prediction value (Q 2 =0.85, Table 5). The model validity parameter showed that the model was appropriate and the high reproducibility parameter certified a low variability (0.68 and 0.97, respectively, Table 3). In conclusion, the model can be used to correlate the factors and the response.

The C/N ratio variations in this work are only variations of ammonium sulphate content in the medium. According to Figure 2, the greater the response (p-CA production), the lower the ammonium sulphate initial concentration in the medium (or the greater the C/N ratio). Because the deamination of phenylalanine and tyrosine produces an ammonium ion to produce cinnamic acid or p-CA, respectively, the pathway of interest does not consume nitrogen, but rather allows nitrogen to be recirculated. The high ammonium sulphate initial content in the medium had a negative impact on p-CA production. This result is consistent with the observed effect of nitrogen on the production of fusel alcohols (such as 2-phenylethanol) by S. cerevisiae [START_REF] Vilanova | Assimilable nitrogen utilisation and production of volatile and non-volatile compounds in chemically defined medium by Saccharomyces cerevisiae wine yeasts[END_REF].

Fusel alcohols are produced via the Ehrlich pathway. 2-phenylethanol is produced from Phe.

When media have high concentrations of nitrogen, it is believed to enhance protein synthesis and biomass production, whereas when nitrogen is limited, the amino acid catabolism pathway may be activated to provide nitrogen [START_REF] Rollero | Quantitative 13C-isotope labelling-based analysis to elucidate the influence of environmental parameters on the production of fermentative aromas during wine fermentation[END_REF]. The authors of the studies mentioned above stated that that nitrogen has a quadratic effect on fusel alcohols production, which means that a low concentration of nitrogen promoted the response. However, a very low concentration (< 200 mg.L -1 of N approximatively) impeded the response. One could assume that the same trend might be observed if higher C/N ratio were investigated and thus, 1 g.L -1 of (NH4)2SO4 was kept as the optimum in this work.

In terms of pH, the obtained response contour plot indicates that a continuous pH greater than 6.0 is harmful to both yeast growth and p-CA production (Figure 2). As a result, the optimum pH for p-CA production is a continuous pH of 6.0 for ABG010, which promotes p-CA productivity compared to pH 4.5 as previously demonstrated [START_REF] Combes | Intensification of p-coumaric acid heterologous production using extractive biphasic fermentation[END_REF].

Based on the given trends observed with DoEs, an OSD medium for the production of p-CA with ABG010 was created and consisted of 20 g.L -1 of glucose, 1 g.L -1 of yeast extract, 1 g.L -1 of (NH4)2SO4 (equivalent to 210 mg.L -1 of N), and 3 g.L -1 of KH2PO4. Yeast extract was added in this optimized medium to enhance a rapid initial growth of ABG010, and the small quantity (1 g.L -1 ) was chosen to avoid any extraction impediment. This medium was formulated for the ABG010 strain, and as Singh et al. stated in 2017, media optimization and strain improvements are a "Catch-22" situation [START_REF] Singh | Strategies for Fermentation Medium Optimization: An In-Depth Review[END_REF]. Indeed, there is no guarantee that this medium will be suitable for another engineered S. cerevisiae producing p-CA. However, this work is a good example of what can be achieved and how. Based on Sigma-Aldrich and Fischer prices (data given in supplementary Table 1), we were able to reduce the price of medium per litre by 10-fold compared to the YNB medium price per liter. Essays with this medium are presented in the next section, in batch and extractive fermentations, as previously studied with conventional media [START_REF] Combes | Intensification of p-coumaric acid heterologous production using extractive biphasic fermentation[END_REF].

Biphasic fermentations: intensification of p-CA production

Extractive biphasic fermentation using oleyl alcohol as solvent was conducted, as well as control fermentation with the OSD medium. The results are presented in Table 4 and Figure 3.

Data from these experiments were compared with previous ones using conventional medium:

YNB [START_REF] Combes | Intensification of p-coumaric acid heterologous production using extractive biphasic fermentation[END_REF].

The OSD medium promoted rapid initial growth in both biphasic and control fermentations at pH 4.5 and 6. The fermentative maximum specific growth rates obtained are greater than those obtained previously with YNB medium (fermentative max, in Table 4 and Figure 3A).

Therefore, it appears that the small amount of yeast extract in the OSD medium allowed rapid and even faster growth than a medium defined with growth factors (i.e. YNB medium).

However, the stationary phases of growth were lower than the one obtained with YNB medium as illustrated by the final Ln(X/X0) parameter presented in Table 4. Final biomass densities were slightly greater in biphasic fermentations than in control fermentations with OSD medium (Final Ln(X/X0) at pH 6.0: 3.27±0.01 vs. 3.45±0.02 for control and biphasic fermentations; at pH 4.5: 3.26±0.01 vs. 3.47±0.00 for control and biphasic fermentations, Table 4, Figure 3A).

Thus, extractive fermentation improved ABG010 growth, which could be attributed to broth detoxification.

Looking at the p-CA productions in Figure 3B, it appears that there is a continuous accumulation of p-CA in the broth. In contrast to previous work with YNB medium in 72 h [START_REF] Combes | Intensification of p-coumaric acid heterologous production using extractive biphasic fermentation[END_REF], no stationary phase or decrease were observed, indicating a slower metabolism with OSD medium. The OSD medium in biphasic fermentations allowed for 55% of the final p-CA concentration obtained in biphasic fermentation with YNB medium at pH 6.0 and 61% at pH 4.5 (Table 4). These results are interesting when it is emphasizes that the OSD medium is 10 times less expensive (based on prices in supplementary Table 1) and contains only four components, whereas the YNB medium is a defined one with more than 20 components, including vitamins. The continuous removal of p-CA through fermentations with OSD medium allowed a statistically significant increase in p-CA total production at pH 4.5 (Final total p-CA concentration for control fermentation was 218.6±4.2 mg.L -1 , whereas it was 226.6±2.8 mg.L - 1 for the biphasic fermentation, Table 4); whereas at pH 6.0, final concentrations of p-CA were statistically equivalent (249.6±1.3 mg.L -1 vs. 262.9±16.9 mg.L -1 for control and biphasic fermentations, respectively, Table 4).

The lower biomass densities and p-CA productions in fermentations with OSD medium could explain partly the low concentrations of 4-vp observed with OSD medium, as the biomass density appeared to be linked with the decarboxylation of p-CA (Total [4-vp]final in Table 4 and Figure 3C) [START_REF] Combes | Intensification of p-coumaric acid heterologous production using extractive biphasic fermentation[END_REF]. The OSD medium and continuous removal of p-CA allowed for a decrease in the final 4-vp to 20% at pH 6.0 of the final 4-vp observed with YNB medium in biphasic fermentation and to 4% at pH 4.5 (Table 4). As a result of optimization of the medium and the implementation of an ISPR process, it seems that it is possible to eliminate endogenous decarboxylating activity without resorting to metabolism engineering (2.36±0.18 mg.L -1 of 4vp after 72 h in biphasic fermentation, with OSD medium at pH 4.5 in biphasic fermentation).

In biphasic fermentation with OSD medium, the final extraction yields (Yp-CA, Table 4) obtained are consistent with the yields previously obtained with the YNB medium for the same pH (at pH 6.0: 37.3±0.7% vs. 38.5±1.9 for YNB and OSD medium, respectively; at pH 4.5: 90.4±2.1 vs. 89.3±1.7 for YNB and OSD medium, respectively; Table 4). As a result, the OSD medium had no effect on extraction efficiency, while pH was the most important factor. The distribution of p-CA through the biphasic fermentation are presented in Figure 4. The pH of 4.5 allowed the broth to maintain a very low p-CA concentration (< 25 mg.L -1 of p-CA, represented by blue triangles in Figure 4) throughout the 72-h fermentation. The constant low availability of p-CA in the broth may also explain the lowest final 4-vp concentration observed in biphasic fermentation with OSD medium at pH 4.5 (2.36±0.18 mg.L -1 of 4-vp after 72 h, Table 4).

Conclusion

First, using DoE, this work enabled the creation of an optimized semi-defined (OSD) medium for the heterologous production of p-CA with an engineered strain of S. cerevisiae (ABG010).

D-glucose, ammonium sulphate, yeast extract, and monopotassium phosphate were the only four ingredients in the medium. pH was also investigated, and pH 6.0 was confirmed to be the best for p-CA production with ABG010.

In a second part, the OSD medium was used in batch fermentation and extractive biphasic fermentation with oleyl alcohol as solvent, in a controlled bioreactor at two pH levels, 4.5 and 6.0. Biphasic fermentation with OSD medium at pH 4.5 maintained a significantly lower p-CA content in the fermentation medium for 72 h. Therefore, in these conditions there was only 2.36±0.18 mg.L -1 of 4-vp in the broth after 72 h. The OSD medium enabled 55% of the final p-CA concentration obtained in biphasic fermentation with YNB medium at pH 6.0 and 61% at pH 4.5 while being estimated to be 10 times cheaper than YNB medium per liter. While pH 6

appears to be advantageous in this work for p-CA production, pH 4.5 should be investigated for continuous process implementation. Indeed, pH 4.5 has several benefits for a continuous process, including efficient extraction, reduction of decarboxylation spoilage and limitation of contamination. Where: X1 -MgSO4 (+1= 3 g.L -1 ; -1= 0.3 g.L -1 ), X2 -MnSO4 (+1= 0.02 g.L -1 ; -1= 0.002 g.L - 457 1 ), X3 -CuS04 (+1= 0.02 g.L -1 ; -1= 0.002 g.L -1 ), X4 -ZnSO4 (+1= 0.002 g.L -1 ; -1= 0.0002 g.L - 458 1 ), X5 -Na2MoO4 (+1= 0.01 g.L -1 ; -1= 0.001 g.L -1 ), X6 -FeCl3 (+1= 0.002 g.L -1 ; -1= 0.0002 459 g.L -1 ), X7 -CoCl2 (+1= 0.005 g.L -1 ; -1= 0.0005 g.L -1 ), X8 -CaCl2 (+1= 0.5 g.L -1 ; -1= 0.05 g.L - 460 1 ), X9thiamine (+1= 0.001 g.L -1 ; -1= 0.0005 g.L -1 ), X10 -(NH4)2SO4 (+1= 10 g.L -1 ; -1= 1 g.L - 461 3 Calculation details given in equation (2); N/A stands for "Not Applicable", YNB stands for "2X Yeast Nitrogen Base without amino acids" and OSD stands for "optimized semi-defined". 
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  The extraction yield (Yp-CA) illustrates the proportion of p-CA recovery in the solvent at the end of a biphasic fermentation in percentage and was calculated as follows (equation (2)):

	𝑌 𝑝-CA =	[𝑝𝐶𝐴] 72 ℎ 𝑂𝐴 × 𝑉 72 ℎ 𝑂𝐴 𝑂𝐴 × 𝑉 72 ℎ [𝑝𝐶𝐴] 72 ℎ 𝑂𝐴 + [𝑝𝐶𝐴] 72 ℎ 𝑏𝑟𝑜𝑡ℎ × 𝑉 72 ℎ 𝑏𝑟𝑜𝑡ℎ × 100	(2)
	where [𝑝𝐶𝐴] 72 ℎ 𝑥	and 𝑉 72 ℎ 𝑥	are p-CA concentration and volume in/of the phase 𝑥: ("OA" for
	oleyl alcohol) at 72 h, respectively.
				𝑂𝐴 𝑉 72 ℎ 𝑏𝑟𝑜𝑡ℎ 𝑉 72 ℎ	+[𝑖] 72 ℎ 𝑏𝑟𝑜𝑡ℎ	(1)
	where [𝑖] 72 ℎ		

𝑥

is the solute of interest concentration at 72 h in the phase 𝑥 and 𝑉 72 ℎ 𝑥 is the volume of the phase 𝑥 ("OA" for oleyl alcohol) at 72 h.

Table 1 .

 1 Plackett Burman design matrix. 456

	n°

Table 3 .

 3 Statistical indicators of the model performances for the central composite face centered DoE.

	Parameter Value
	R 2	0.95
	Q 2	0.85
	Model validity	0.68
	Reproducibility	0.97

Table 4 .

 4 Details, key parameters, and data on experiments.

					Total [p-		Total [4-
			Fermentat	Final		Final Yp-
		Biph			CA]final ±		vp]final ±
	Medium pH	ive max ±	Ln(X/X0)		CA ± 1 /2R	Ref.
		asic			1 /2R		1 /2R
			1 /2R (h -1 ) 1	± 1 /2R		(%) 3
					(mg.L -1 ) 2		(mg.L -1 ) 2
	YNB	6.0 Yes 0.23±0.00 4.36±0.01	474.1±8.6	37.3±0.7 51.8±6.6	[10]
	OSD	6.0 No 0.37±0.03 3.27±0.01	249.6±1.3	N/A	22.4±5.7	This
							study
	OSD	6.0 Yes 0.35±0.02 3.45±0.02 262.9±16.9 38.5±1.9 10.2±0.5	This
							study
	YNB	4.5 Yes 0.18±0.01 4.39±0.02 371.2±41.0 90.4±2.1 58.0±10.7 [10]
	OSD	4.5 No 0.31±0.01 3.26±0.01	218.6±4.2	N/A	15.6±1.2	This
							study
	OSD	4.5 Yes 0.30±0.02 3.47±0.00	226.6±2.8	89.3±1.7	2.4±0.2	This
							study

1 

Fermentation maximum specific growth rate; 2 Calculation details given in equation

[START_REF]Biotechnological Production and Conversion of Aromatic Compounds and Natural Products, Frontiers Research Topic[END_REF] 

C/N: -1=7.35 and +1=27.98;

pH: -1=6 and +1=8
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