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Introduction

Carrots are a rich source of vitamins (B1, B2, B6), dietary fibers, carotene, polyacetylenes and other bioactive compounds [START_REF] Prakash | Performance evaluation of blanched carrots dried by three different driers[END_REF]. It is one of the most common and famous produce in human diet [START_REF] Singh | Optimisation of osmotic dehydration process of carrot cubes in mixtures of sucrose and sodium chloride solutions[END_REF]. β-carotene found in carrots has antioxidant and anticancer properties [START_REF] Suvarnakuta | Drying Kinetics and $β$-Carotene Degradation in Carrot Undergoing Different Drying Processes[END_REF].

However, carrots are a seasonal product and its quality can be largely degraded by the decrease of their bioactive compound content after being harvested. In addition, during their storage, the firmness, color and taste are also changed, which affect the consumers' acceptance of the product [START_REF] Nowacka | Effect of ultrasound treatment on microstructure, colour and carotenoid content in fresh and dried carrot tissue[END_REF]. In view of this, different drying methods like air drying, vacuum drying and freeze-drying are frequently used to obtain a stable carrot product while reducing the potential change in quality. Dried carrot can be used as an ingredient in many products, like instant vegetable soup, healthy snacks, baby food, meals, desserts, and other products [START_REF] Lin | Characterization of vacuum microwave, air and freeze dried carrot slices[END_REF].

Convective air drying is widely used in industries, but it can cause the degradation of valuable compounds, the change of carrot color, and texture because of the use of high temperatures [START_REF] Marfil | Ascorbic acid degradation kinetics in tomatoes at different drying conditions[END_REF][START_REF] Figiel | Drying kinetics and quality of beetroots dehydrated by combination of convective and vacuum-microwave methods[END_REF][START_REF] Chua | Batch drying of banana pieces effect of stepwise change in drying air temperature on drying kinetics and product colour[END_REF][START_REF] Khraisheh | Shrinkage characteristics of potatos dehydrated under combined microwave and convective air conditions[END_REF][START_REF] Liu | Convective air, microwave, and combined drying of potato pre-treated by pulsed electric fields[END_REF]). Freeze-drying can be used for a better preservation of the product's quality, however this method requires a long processing time and higher costs from energy consumption [START_REF] Parniakov | Pulsed electric field assisted vacuum freeze-drying of apple tissue[END_REF][START_REF] Salazar | Optimization of freezing parameters for freeze-drying mango (Mangifera indica L.) slices[END_REF]. The color structure, rehydration ability and nutrient content (vitamins) of some products are impaired with high temperatures [START_REF] Zhou | Degradation kinetics of cyanidin 3-O-glucoside and cyanidin 3-O-rutinoside during hot air and vacuum drying in mulberry (Morus alba L.) fruit: A comparative study based on solid food system[END_REF]. In vacuum drying (VD), mass transfer takes place under low pressure which leads to the reduction of the boiling temperature of water, which helps preserve and/or improve the quality of the processed food, hence, it is commonly used for heat-sensitive products [START_REF] Kelen | Practical method for choosing diluent that ensures the best temperature uniformity in the case of pharmaceutical microwave vacuum drying of a heat sensitive product[END_REF][START_REF] Nowacka | The application of unconventional technologies as pulsed electric field, ultrasound and microwave-vacuum drying in the production of dried cranberry snacks[END_REF][START_REF] Zecchi | Modeling and minimizing process time of combined convective and vacuum drying of mushrooms and parsley[END_REF][START_REF] Jaya | A vacuum drying model for mango pulp[END_REF]. [START_REF] Kayacan | Effects of hot-air and vacuum drying on drying kinetics, bioactive compounds and color of bee pollen[END_REF] showed that vacuum drying bee pollen at 45 °C of had higher total phenolic and flavonoid contents, and a less significant color change compared to air hot drying. The application of vacuum drying combined with ultrasound pretreatment of nectarine resulted in a significant reduction of drying time reaching up to a difference of 50%, a higher retention of polyphenols, a smaller difference incolor, and a lower energy consumption, compared to the control (without vacuum and ultrasound) drying [START_REF] Da Silva | Ultrasound-assisted vacuum drying of nectarine[END_REF]. [START_REF] Ando | Improvements of drying rate and structural quality of microwave-vacuum dried carrot by freeze-thaw pretreatment[END_REF] found that the structural deformation, shrinkage and rehydration rate were improved with the freeze-thaw pretreatment before microwave-vacuum drying of carrots.

Recently, pulsed electric fields (PEF) treatment was proposed prior to air, freeze-drying and vacuum drying for festering the dehydration of different fruits and vegetables (Lebovka, Shynkaryk, & Vorobiev, 2007;[START_REF] Parniakov | Pulsed electric field assisted vacuum freeze-drying of apple tissue[END_REF]Liu, Grimi, Lebovka, & Vorobiev, 2018a). PEF treatment leads to cell membrane electroporation, enhancing mass transfer and moisture evacuation during the drying process [START_REF] Shynkaryk | Pulsed electric fields and temperature effects on drying and rehydration of red beetroots[END_REF].

When carrots were treated by PEF (E = 0.5 -1.5 kV/cm, 20 pulses) before oven drying, the drying time was significantly shorter (≈ 40%) compared to untreated samples [START_REF] Gachovska | Pulsed electric field treatment of carrots before drying and rehydration[END_REF]. [START_REF] Rastogi | Accelerated mass transfer during osmotic dehydration of high intensity electrical field pulse pretreated carrots[END_REF] had shown that water and solutes' effective diffusivities during osmotic dehydration were higher for carrots treated by PEF (E =0.22 -1.5 kV/cm, tPEF =0.001-0.008s). [START_REF] Alam | Effect of Pulsed Electric Field Pretreatment on Drying Kinetics, Color, and Texture of Parsnip and Carrot[END_REF] studied the impact of PEF pretreatment on the convective drying of parsnips and carrots under different temperatures (50, 60 and 70°C) and observed a faster drying efficiency for PEF treated samples. PEF treatment could also promote a decrease in the time needed to freeze-dryplant materials (bell peppers and strawberries) and apple tissues by about 50%, meanwhile, the rehydration ability and product quality were improved [START_REF] Fauster | Effect of pulsed electric field pretreatment on shrinkage, rehydration capacity and texture of freeze-dried plant materials[END_REF][START_REF] Lammerskitten | Impact of pulsed electric fields on physical properties of freeze-dried apple tissue[END_REF]. [START_REF] Liu | Convective air, microwave, and combined drying of potato pre-treated by pulsed electric fields[END_REF] showed that the PEF treatment (600V/cm, tPEF=0.1s) led to a shorter vacuum drying (VD) time for potatoes (by 22-27% at the temperature of 40-70°C), and the temperature inside the PEF treated samples was lower than that of the untreated ones. Cranberries treated with PEF before osmotic dehydration and drying had a higher quantity of polyphenol, anthocyanins and flavonoids, and a better colour and taste, compared to untreated cranberries subjected to convective drying [START_REF] Nowacka | The application of unconventional technologies as pulsed electric field, ultrasound and microwave-vacuum drying in the production of dried cranberry snacks[END_REF]. The PEF pre-treatment also favoured the reduction of drying time by about 30.3%, 21.4% and 6.4% at convective drying temperatures of 45 °C, 60 °C and 75 °C, to reach a residual moisture (Mr) of 7%, respectively [START_REF] Ostermeier | Influence of pulsed electric field (PEF) pre-treatment on the convective drying kinetics of onions[END_REF].

However, the effects of assisted PEF treatment coupled with VD on the drying and rehydration characteristics of carrot tissues have never been studied before. Hence, this study focuses on the effect of PEF pretreatment on the drying kinetics, the temperature evolution, and the changes in diameter, thickness, microstructure and color during the drying and rehydration processes. The kinetics of water absorption by dried samples during their rehydration were also analyzed.

Materials and methods

Sample preparation

Fresh carrots were purchased from a local market in Compiègne, France and stored in a refrigerator at 4°C, for one week. The fresh carrots were cut into slices (d= 25±1 mm and t= 5±1mm) using a cork borer. The initial moisture content (WB) of fresh samples was about 91.7%, which was determined by AOAC method (AOAC, 2005), i.e. 2 g of fresh carrot disks were put in an oven (Memmert UFE 400 owen, Germany) and dried at 105°C for 24 h.

Methods

Pulsed electric fields treatment

Pulsed electric fields (PEF) treatment was carried out using PEF generator (1500 V-20

A, Service Electronique UTC, France) with an output voltage of 1.5 kV and a pulse width of 10-1000 μs (±2 μs). The pulse duration was selected to cause a high level of electroporation of the carrot tissues [START_REF] Lebovka | Effect of moderate thermal and pulsed electric field treatments on textural properties of carrots, potatoes and apples[END_REF]. The treatment chamber consisted of a batch chamber with two circular stainless-steel electrodes with a surface area of 4.71 cm 2 . Carrot samples were placed at the bottom of the chamber and covered with the fresh carrot juice in order to improve electrical contact between the electrodes and the sample, the conductivity of the carrot juice was 9.86±0.05(mS/cm). The electric field strength was set to E = 0.6 kV/cm, and the generator provided a series of monopolar pulses of N = 100 trains and n = 10 pulses in each train. The time interval between pulses Δt = 10ms. The total time of PEF treatment was calculated as tPEF = N•n•ti = 0.1 s. The gap between the electrodes was equal to the carrot slices' thickness (5 mm). Energy input of PEF pre-treatment was 9.5 ± 0.5 kJ/kg,The energy input was calculated by using the following formula [START_REF] Rodriguez-Gonzalez | Energy requirements for alternative food processing technologies principles, assumptions, and evaluation of efficiency[END_REF][START_REF] Grimi | Impact of apple processing modes on extracted juice quality: Pressing assisted by pulsed electric fields[END_REF]:

EE=U•I•tPEF (1)
Where U is the the electric field strength (V), I is the flowing current (A) and tPEF is the total time of the PEF treatment (s).

After the PEF treatment, the carrot samples were immediately subjected to vacuum drying.

Vacuum drying

Fresh carrot samples(mU=10±0.1g) and PEF pretreated carrot samples (mPEF=10±0. the changes in the relative diameter (dt/di) and relative thickness (ht/hi) of untreated and PEF pretreated samples were measured. The evolution of temperature inside the geometrical center of the sample, T, was also recorded in the online mode using a teflon-coated thermocouple Thermocoax type 2 (AB 25 NN, accuracy of ± 0.1 °C). The drying process was stopped when the final moisture ratio w, determined by Eq. ( 2) was equal to 0.1.

Simplified model

The moisture ratio of carrot slices was calculated according the simplified equation:

= (2)
where w is the moisture ratio; Xt and Xi are the actual and initial moisture contents, kgH2O/kgDM.

The empirical Henderson and Pabis [START_REF] Hendreson | Grain drying theory. I. Temperature effect on drying coefficients[END_REF] model was selected to fit the experimental curves and to calculate drying rate constant as a first derivative of the theoretical data describing w=f(t). This model gives a higher coefficient of determination R 2 >0.99, and lower reduced chi-square chi 2 <0.0035 at drying temperature of 25°C and 90°C.

= = (-) (3) 
where A is the drying coefficient; k is the drying rate constant, s -1 . The coefficients (A and k) were obtained by using with Eq. ( 3). The drying rate constant (k) provides similar information and tendency to diffusion coefficient.

Analysis of the samples

Rehydration

Rehydration experiments were performed according to the methodology described by Witrowa-Rajchert & [START_REF] Witrowa-Rajchert | Rehydration properties of dried plant tissues[END_REF] by immersing five dried samples (with the moisture ratio w = 0.1) inside a beaker filled with distilled water at room temperature (25°C). The solid/liquid ratio was fixed at 1:30. The ceramic plate C-MAG HS 7 S000 (IKA, France) was used for agitation (300 rpm) during the rehydration process. The top of the beaker was covered with aluminium in order to avoid any evaporation. The samples were taken out every two minutes, drained and gently blotted with adsorbent paper, then weighed by a balance (KERN PCB, Germany) and the diameter d and thickness h were evaluated. New dried samples at w=0.1 were used to continue the rehydration experiments.

The rehydration moisture ratio, wr, was calculated as

= - - + ( 4 
)
where m is the actual mass of sample at time t, g; mf is the masse of sample after drying, g; mi is the initial mass of sample, g; wf is the moisture ratio after drying (≈0.1). The value wr=1 corresponds to the complete rehydration of the sample, reaching the same moisture content as the initially fresh sample. 

SEM

The scanning electron microscopy (SEM) images were obtained using SEM instrument Quanta FEG 250 (FEI, Hollande) applied in the mode of Low Vac and an accelerating voltage of 20 kV. In each experiment, 15 images from three different samples were analyzed.

Statistical analysis

The experiments (drying/rehydration, with and without PEF-treatment) were repeated at least 5 times, and the 5 replicates were from the same carrot root. The results were subjected to the analysis of variance (ANOVA) using a statistics software (StatGraphics Centurion XVVersion 15.2.00, StatPoint, Herndon, VA, USA). Significant was considered at p < 0.05.

For derivation of drying rates, the curve fitting software package and the reduced chi-square (chi 2 ) were used to evaluate the wellness of the fit.

Results and discussions

The drying experiment curves were fit by empirical Henderson and Pabis (solid lines for untreated and dashed lines for PEF pretreated) using the software package Table Curve 2D, version 5.01 (Systat Software, San Jose, CA, USA) (fig. 1). The relevant correlation coefficients (R 2 ) and the reduced chi square (X 2 ) of empirical Henderson and Pabis were R 2 ≥0.995, chi 2 ≤ 0.0032 at 25°C and 90°C for untreated and PEF pretreated samples, respectively. It can be concluded that the Henderson and Pabis model appeared to be precise in describing the obtained data. As seen in Fig. 1, drying time was significantly (P<0.05) dependent on the drying temperature. It took 6.5 h and 1.6 h respectively for untreated samples dried at 25°C and 90°C to attain the moisture ratio of w=0.1. When PEF pretreatment was applied, the drying time was considerably decreased. For instance, at 25°C, the drying time of PEF pretreated carrot samples was shorter by 55% than that of untreated ones, to attain the same moisture ratio of w= 0.1. This difference in drying duration between PEF pretreated and untreated samples was lower at higher temperature of 90°C (33%, Fig. 1). 3)), follow the Arrhenius equation (R 2 = 0.995-0.998). For VD, the value of k noticeably (P<0.05) increases with the increase in temperature Td (Fig. 2). The highest values of k were always obtained for PEF pretreated samples.

Moreover, PEF treatment permits a significant (P < 0.05) decrease in the drying temperature, while maintaining the same VD rate constant. For instance, the value of the rate constant k=3.3•10 -4 •s -1 corresponds to the VD of untreated samples at 90°C and PEF pretreated samples at 50°C (Fig. 2). In these case, the PEF pretreatment allowed decreasing the VD temperature by about 40°C, which could decrease the degradation of sensitive biomolecules in the carrot sample (carotene, vitamin, etc.) during the drying process. Lebovka, Shynkaryk, & Vorobiev, (2007) studied the effect of PEF pretreatment on the drying of potato tissues, they also found that PEF pretreatment allowed decreasing the drying temperature by about 20°C (from 90 to 70°C). As seen in Fig. 2, for the rehydration process, the value of k increases slightly with the increase of the drying temperature Td, furthermore, the values of k were higher for the PEF treated carrot samples.

Fig. 3 presents the local temperature T inside the geometrical center of the sample vs VD time, td, (a) and moisture ratio w, (b) for untreated and PEF pretreated carrot samples (at the VD temperature of 90°C). It can be noted that the drying temperature inside of the sample gradually increased. At first, the internal temperature increased up to the value of 33°C for both untreated and PEF pretreated samples and then the temperature remained practically constant for some time. The period when the internal temperature remained constant probably corresponds to the evacuation of free water from the sample [START_REF] Fan | Vacuum frying of carrot chips[END_REF][START_REF] Xu | Effect of far-infrared drying on the water state and glass transition temperature in carrots[END_REF]. It is longer for PEF pretreated sample (Fig. 3a) and permits the evacuation of a higher quantity of moisture (Fig. 3b). For instance, for the PEF pretreated sample, the period of the constant internal temperature lasted a moisture ratio of w≈0.19 was reached, whereas it ended when w≈0.35 for untreated samples (Fig 3b). This could be explained by the release of a much higher quantity of free water from the samples electroporated by PEF. Water released from the electroporated carrot cells can freely move and be easily evacuated during the drying process (J Ben [START_REF] Ammar | Impact of a pulsed electric field on damage of plant tissues: effects of cell size and tissue electrical conductivity[END_REF][START_REF] Lebovka | Pulsed electric field breakage of cellular tissues: visualisation of percolative properties[END_REF]. Below these moisture ratios, the temperature inside of the samples kept increasing. When the moisture ratio w attains 0.1, the temperatures inside PEF pretreated and untreated samples were nearly the same. The last stage of drying is responsible for the evaporation of bound water [START_REF] Hatakeyama | Role of bound water on structural change of water insoluble polysaccharides[END_REF][START_REF] Wong | Characterizing the kinetics of free and bound water using a non-isothermal sorption technique[END_REF].

The rehydration moisture ratio wr was calculated by Eq. ( 4) and the results are presented in Fig. 4. The values of wr increased with the increase in soaking time. After 100 min of rehydration, the moisture ratios were 0.77 and 0.84 respectively for untreated and PEF treated samples dried at 25°C (Fig. 4a), while they were 0.76 and 0.89 respectively for untreated and PEF pretreated samples dried at 90°C (Fig. 4b). It can be speculated that PEF pretreated samples were more porous and permeable for water infusion due to the cells' electroporation.

PEF treated samples were also dried more rapidly (for both temperatures of 25 and 90°C), which may preserve their structure better. The results indicate that the rehydration ratio is slightly dependent on the drying temperature. This is in agreement with previous studies done on apples and mushrooms [START_REF] Funebo | Microwave and convective dehydration of ethanol treated and frozen apple-physical properties and drying kinetics[END_REF].

Fig. 5 presents the changes in relative diameter (dt/di) and relative thickness (ht/hi) of the samples during VD (at 90°C) and during the rehydration of untreated and PEF pretreated carrot samples. Results are similar for both untreated and PEF pretreated samples. We can conclude that the rehydration process permits the dried samples to nearly attain their initial form and thickness prior to any treatment (fresh sample). These results indicate that the process of VD is a proper method to preserve the quality of products.

Color is one of the basic parameters used to evaluate the quality of dried and rehydrated food products [START_REF] Chua | Convective drying of banana, guava and potato pieces: effect of cyclical variations of air temperature on drying kinetics and color change[END_REF][START_REF] Perera | Selected quality attributes of dried foods[END_REF]. were lower for PEF pretreated samples compared to the untreated ones. This indicates that the color of PEF pretreated samples were not as affected during VD as that of the untreated samples. This can be attributed to the shorter drying duration required for PEF pretreated samples compared to the untreated ones, in order to obtain the same final moisture ratio.

In
Wiktor & Witrowa-Rajchert (2020) found that the combination of the pretreatment of ultrasound and PEF treatments could decrease the overall color change ΔE from 5.9 to 2.8 during the microwave-assisted air-drying of carrots. Deterioration of pigments (β-carotene and others) due to high drying temperatures and long drying time was frequently mentioned in literature [START_REF] Ergünecs | Color retention of red peppers by chemical pretreatments during greenhouse and open sun drying[END_REF]. [START_REF] Vega-Gálvez | Effect of air-drying temperature on physicochemical properties, antioxidant capacity, colour and total phenolic content of red pepper (Capsicum annuum, L. var. Hungarian)[END_REF] found that higher drying temperatures might cause more changes in the color of red peppers. From Figure 6, both untreated and PEF pretreated rehydrated samples had a color, which is close to that of the fresh samples (Fig. 6). The color of rehydrated PEF pretreated samples was even closer to the color of the fresh samples. The total color change ∆E of PEF pretreated samples that were dried at Td = 25°C and then rehydrated was just 1.92± 0.73. [START_REF] Choi | Effects of ascorbic acid retention on juice color and pigment stability in blood orange (Citrus sinensis) juice during refrigerated storage[END_REF] reported that the values of ∆E<2 indicate the absence of visual difference. The color change of PEF pretreated samples that were dried at Td = 90°C and then rehydrated was somewhat higher (∆E = 7.05± 1.12). [START_REF] Vega-Gálvez | Effect of air-drying temperature on physicochemical properties, antioxidant capacity, colour and total phenolic content of red pepper (Capsicum annuum, L. var. Hungarian)[END_REF] showed that the high ∆E values reflect the effect of higher drying temperature on heat-sensitive food compounds like proteins and carbohydrates.

The scanning electron micrographs (SEM) were used to analyze the microstructure of untreated and PEF pretreated carrot samples, after drying and rehydration. Fig. 7a shows the fresh carrot tissues without PEF pretreatment, it has a well-organized structure of typical polyhedral shape. After drying at 90°C, the carrot's tissue was noticeably modified. Shrinkage of the cells, which lost their polyhedral shape, was clearly observed (Fig. 7b). [START_REF] Deng | Effect of pulsed vacuum and ultrasound osmopretreatments on glass transition temperature, texture, microstructure and calcium penetration of dried apples (Fuji)[END_REF] pointed that the cell wall breakdown, deformation and folding during drying are due to the transient thermal and moisture transport. The rehydration of dried carrots permitted a good restoration of the cells' form and the tissue's architecture (Fig. 7c). This is in agreement with [START_REF] Sanjuán | Effects of low temperature blanching on texture, microstructure and rehydration capacity of carrots[END_REF] who showed that dried-rehydrated carrots maintain their original cellular shape. When the PEF treatment was applied, cells size seemed to be somewhat reduced (Fig. 7d). However, the cells' tissue structure was not noticeably modified. It is well known that the electroporation of the cell membrane leads to the release of liquid from the interior of cells under the effect of intercellular osmotic pressure [START_REF] Lebovka | Effect of moderate thermal and pulsed electric field treatments on textural properties of carrots, potatoes and apples[END_REF]. As a result, cell swelling can be diminished. Jalté, Lanoisellé, [START_REF] Jalté | Freezing of potato tissue pre-treated by pulsed electric fields[END_REF] noted that there was no significant modification of potatoes' structure after a PEF treatment was applied. On the contrary, VD at 90°C led to the significant (p < 0.05) shrinkage of the cells' structure for PEF pretreated carrots (Fig. 7e), similarly to what was observed with untreated samples (Fig. 7b). However, the structure of PEF dried samples seemed more homogeneous than that of the untreated ones, which could explain why the PEF dried samples were found to have a higher rehydration capacity. [START_REF] Wiktor | The effect of pulsed electric field on drying kinetics, color, and microstructure of carrot[END_REF] pointed out that PEF treatment could cause changes in the microstructure of carrot cells during their convective air-drying compared to drying without any pretreatment. [START_REF] Telfser | Effect of reversible permeabilization in combination with different drying methods on the structure and sensorial quality of dried basil (Ocimum basilicum L.) leaves[END_REF] revealed that PEF pretreatment could decrease the collapse of basil leaves which were air dried, nevertheless, there was no observed influence samples that were dried under vacuum or freeze dried. The difference in structure of dried samples may depend on the drying method, drying temperature, and the sample itself. The rehydration of carrot samples that were pretreated by PEF then dried allowed the cells to restore their initial form and tissue architecture (Fig. 7f).

Conclusions

PEF treatment accelerates moisture removal during VD of carrot tissues. It allowed a noticeable decrease in the drying time (by 55% and 33% at temperatures of 25°C and 90°C respectively). The total color change ∆E increased with the increase of drying temperature for both untreated and PEF pretreated carrots. However, the PEF pretreated samples had a lower total color change than the untreated ones, probably due to a shorter drying time, which decreased the degree of non-enzymatic reaction (w=0.1). From the results of SEM, the rehydrated samples after PEF pretreatment and drying had a nearly full restoration of their initial form and size with minimal observed changes. 
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  1g) were dried at different temperatures (Td = 25, , 50 75 and 90 o C) in a vacuum chamber (Cole-Parmer, 2.3cuft, 120 VAC, USA) connected to a vacuum pump (Werie, Rietschle, RTV1, Germany) at a fixed sub-atmospheric pressure (p = 0.3 bar (3.03×10 4 Pa)). The sieve load was approximately 2 kg/m 2 . Moisture losses of the samples were recorded at 5 min intervals by a digital balance of 0.001 g accuracy (GF-600, A & D, Japan). During the vacuum drying (VD),

  space coordinates L*, a*, b* values of samples was determined by a colorimeter (Konica Minolta CR-321, Japan, light source: pulsed xenon lamp). The colour parameters L* (whiteness or brightness), a* (redness or greenness) and b* (yellowness or blueness) were used to describe the colour of samples (Dadali et al., 2007). CIE values (L*, a*, b*) were monitored on three different well-proportioned places (repeated three times) of the surface of fresh, dried and dried-rehydrated samples, that were untreated and pretreated by PEF. The values of L*, a*, b* were automatically given by the colorimeter. Then the total color difference ( ∆ ), was used to express the overall color change after the different processes and was calculated as: ∆ = ( * - * ) + ( * - * ) + ( * - * ) (5) where L * , a * , b * are the values at time t; * , * , * are the values of fresh samples.
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 2 Fig.2 presents the rate constant k as a function of the drying temperature Td and 1/RTa, respectively for untreated and PEF pretreated samples. The values of k determined by the empirical Henderson and Pabis relation (Eq. (3)), follow the Arrhenius equation (R 2 = 0.995-

  our study, Hunter values (L*, a*, b*) for the fresh carrot samples were: lightness L*= 37.05±0.79, coordinate a* = 7.20 ±0.79, and coordinate b* = 13.31±1.63. The total color change of dried foods has been attributed to the VD temperature and duration. The loss of water during VD can influence the ability of the sample to absorb or reflect light. Moreover, enzymatic and non-enzymatic reactions during drying, also contribute to the color change[START_REF] Lewicki | Color change of selected vegetables during convective air drying[END_REF]. Fig.6shows the overall color change ΔE for untreated and PEF pretreated samples dried at the temperatures Td= 25 and 90°C. It can be observed that an increase in VD temperature led to an important color modification for untreated samples. The values of ∆E

Fig. 1 .

 1 Fig. 1. Moisture ratio, w, versus vacuum-drying (VD) time, td, for the untreated (solid lines, filled squares) and PEF pre-treated samples (dashed lines, open squares) at drying temperatures of Td = 25°C and 90°C, The lines were obtained using the fitting of date with Eq.(4).

Fig. 2 .

 2 Fig. 2. Rate constant k versus VD temperature Td and 1/RTa for the untreated (solid lines) and PEF treated (dashed lines) carrot samples. Black and red points correspond to dried and rehydrated samples.

Fig. 3 .

 3 Fig.3. Temperature T inside the geometrical center of the sample as a function of drying time, td (a) and moisture ratio w (b) for untreated (solid lines, filled symbols) and PEF treated (dashed lines, open symbols) samples. Applied temperature of VD is Td = 90°C.

Fig. 4 .

 4 Fig.4. Rehydration ratio, wr, versus the time, td for untreated and PEF treated carrot samples at VD temperatures of Td = 25°C and 90°C.

Fig. 5 .

 5 Fig.5. Relative diameter and thickness of untreated and PEF treated carrot samples during drying and rehydration in function of moisture ratio. VD temperature is Td = 90°C.

Fig. 7 .

 7 Fig. 7. Surface microstructure of carrot sample: fresh (a), untreated and dried at 90°C (b), untreated, dried at 90°C and rehydrated (c), PEF treated fresh (d), PEF treated and dried at 90°C (e), PEF treated, dried at 90°C and rehydrated sample (f).

  [START_REF] Liu | Convective air, microwave, and combined drying of potato pre-treated by pulsed electric fields[END_REF] studied the effect of PEF pretreatment on potato tissues, they also found that the application of PEF pretreatment can strongly decrease the drying time. This may be explained by the high dependence of the rate of mass and heat transfer on the permeability and structure

	of food tissues, which are affected by PEF pretreatment ( Ammar, Lanoisellé, Lebovka, Van
	Hecke, & Vorobiev, 2010;Arevalo, Ngadi, Bazhal, & Raghavan, 2004;Fijalkowska,
	Nowacka, Wiktor, Sledz, & Witrowa-Rajchert, 2016).
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