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Apples, bananas and persimmons are the first, second and fifth most widely produced and consumed fruits in the world [START_REF] Braga | Classification of juices and fermented beverages made from unripe, ripe and senescent apples based on the aromatic profile using chemometrics[END_REF][START_REF] Jia | Extraction of polyphenols from banana peel[END_REF][START_REF] George | Health and medicinal benefits of persimmon fruit: A review[END_REF]. These three kinds of fruits are rich in sugar, microelements and phenolic compounds, including catechin, epicatechin, rutin, phloridzin, gallic acid, chlorogenic acid, tannic acid, gentisic acid, protocatechuic acid (see Supplementary materials, S1) [START_REF] Boyer | Apple phytochemicals and their health benefits[END_REF][START_REF] Weichselbaum | Apple polyphenols and cardiovascular disease--a review of the evidence[END_REF], and they have been recognized as an important and inexpensive source of polyphenols [START_REF] Kammerer | Recovery of polyphenols from the by-products of plant food processing and application as valuable food ingredients[END_REF]. The texture of fruit skins is mainly defined by cell wall materials, pectin content and properties of microfibrils. Particularly, microfibril thickness can affect the mechanical strength of cell walls [START_REF] Cybulska | The relation of apple texture with cell wall nanostructure studied using an atomic force microscope[END_REF]. For example the apple cell walls can include 40% pectin, 20% cellulose, and 25% hemicelluloses (the dominant hemicellulose in apple parenchyma is xyloglucan) [START_REF] Brummell | Cell wall metabolism in fruit softening and quality and its manipulation in transgenic plants[END_REF].

Fruit skins contain more significant amounts of phenolic compounds than fruit flesh and fruit juice [START_REF] Khanizadeh | Polyphenol composition and total antioxidant capacity of selected apple genotypes for processing[END_REF]. They play an important role in maintaining human health, since they have a preventive effect against various types of diseases such as coronary heart disease, cancer, neurodegenerative diseases, gastrointestinal disorders and others diseases [START_REF] Joseph | Fruit polyphenols: A review of anti-inflammatory effects in humans[END_REF][START_REF] Watson | Polyphenols in Plants. Isolation, Purification and Extract Preparation[END_REF][START_REF] Tu | An apple a day to prevent cancer formation: Reducing cancer risk with flavonoids[END_REF]. Nowadays the extraction of phenolic compounds from fruit skins has attracted great attention [START_REF] Ćetković | Assessment of polyphenolic content and in vitro antiradical characteristics of apple pomace[END_REF], and can be realized by conventional and alternative methods using enzymes, pressurized liquids, ultrasound, microwave, pulsed electric fields, supercritical fluids and other treatments [START_REF] Acosta-Estrada | Bound phenolics in foods, a review[END_REF][START_REF] Ameer | Green Extraction Methods for Polyphenols from Plant Matrices and Their Byproducts: A Review[END_REF][START_REF] Boukroufa | Biorefinery of orange peels waste: a new concept based on integrated green and solvent free extraction processes using ultrasound and microwave techniques to obtain essential oil, polyphenols and pectin[END_REF][START_REF] Boussetta | Extraction of valuable biocompounds assisted by high voltage electrical discharges: a review[END_REF][START_REF] Vorobiev | Enhanced extraction from solid foods and biosuspensions by pulsed electrical energy[END_REF][START_REF] Wang | Selectivity of ultrasound-assisted aqueous extraction of valuable compounds from flesh and peel of apple tissues[END_REF][START_REF] Puri | Enzyme-assisted extraction of bioactives from plants[END_REF].

Ultrasound (US) has been widely used for polyphenols extraction from different food materials (flesh, skin and pomace) [START_REF] Chemat | Applications of ultrasound in food technology: processing, preservation and extraction[END_REF][START_REF] Espada-Bellido | Optimization of the ultrasound-assisted extraction of anthocyanins and total phenolic compounds in mulberry (Morus nigra) pulp[END_REF][START_REF] Khan | Ultrasoundassisted extraction of polyphenols (flavanone glycosides) from orange (Citrus sinensis L.) peel[END_REF][START_REF] Pingret | Lab and pilot-scale ultrasound-assisted water extraction of polyphenols from apple pomace[END_REF][START_REF] Rajha | A comparative study of physical pretreatments for the extraction of polyphenols and proteins from vine shoots[END_REF][START_REF] Roselló-Soto | Clean recovery of antioxidant compounds from plant foods, by-products and algae assisted by ultrasounds processing. Modeling approaches to optimize processing conditions[END_REF][START_REF] Tiwari | Effect of ultrasound processing on anthocyanins and color of red grape juice[END_REF]. The US induces cavitation, shockwaves and mixing phenomena leading to increasing solid-liquid extraction yield [START_REF] Chemat | Ultrasound assisted extraction of food and natural products. Mechanisms, techniques, combinations, protocols and applications. A review[END_REF][START_REF] Mason | Applied sonochemistry: the uses of power ultrasound in chemistry and processing[END_REF][START_REF] Suslick | Applications of ultrasound to materials chemistry[END_REF]. Bubbles explosion and shockwaves in solid/liquid mixtures leads to fragmentation of biological particles, cell structure damage, cell membrane sonoporation [START_REF] Chemat | Ultrasound assisted extraction of food and natural products. Mechanisms, techniques, combinations, protocols and applications. A review[END_REF]. Particles fragmentation and cells destruction by collapsing cavitation bubbles increase effective surface area for solutes extraction.

Cellular particles damage induced by ultrasound has been widely studied using scanning electron microscopy (SEM) and confocal laser scanning microscopy (CLSM) [START_REF] Jones | Confocal laser scanning microscopy in orthopaedic research[END_REF][START_REF] Sun | Microstructural change of potato tissues frozen by ultrasoundassisted immersion freezing[END_REF][START_REF] Gerger | In vivo confocal laser scanning microscopy in the diagnosis of melanocytic skin tumours[END_REF][START_REF] Seiffert | Systematic evaluation of FRAP experiments performed in a confocal laser scanning microscope[END_REF][START_REF] Ogawa | High-resolution scanning electron microscopic evaluation of cell-membrane porosity by ultrasound[END_REF]. For example, SEM was used to analyze the cell damage of an Opuntia skin matrix [START_REF] Koubaa | Recovery of colorants from red prickly pear peels and pulps enhanced by pulsed electric field and ultrasound[END_REF] and berry skins [START_REF] Fava | Structure (micro, ultra, nano), color and mechanical properties of Vitis labrusca L.(grape berry) fruits treated by hydrogen peroxide, UV--C irradiation and ultrasound[END_REF], and CLSM was used for detection of cell wall damage of a fried potato chip [START_REF] Pedreschi | Some changes in potato chips during frying observed by confocal laser scanning microscopy (CLSM)[END_REF],

etc.

This work is focused on the analysis of correlations between disintegration degree of fruit skin cells induced by US and efficiency of bio-compounds extraction from apple, banana and persimmon skins. The analyses include determination of different extraction indexes (ionic content, total polyphenols), cell wall disintegration index and discussion of their correlations.

Materials and methods

Material

Commercial red apples (Gala), bananas (Cavendish) and persimmons (Ribera del Xùquer)

were selected as the raw materials for this investigation. The samples of good and uniform quality (with near-spherical shape for apples and persimmons and near the same size for banana) were purchased at a local supermarket (Compiegne, France) and stored at 4 o C. All experimental data were collected within 10 days of the purchase of the samples. The skins (thin slices with lengths of 20 mm and widths of 10 mm) were removed from the bananas by hand and from the apples and persimmons with a razor blade. For preparation of the freezethawed products the samples were frozen at -20 o C for 12 hours and then thawed at room temperature (≈23 o C) for 12 hours. The moisture content was determined by drying at elevated temperature at 105 °C to a constant weight using MA 160 infrared moisture analyzer (Sartorius, Göttingen, Germany) and it was (on wet basis) 84%, 89% and 76% for apple, banana and persimmon fresh skins, respectively.

Extraction experiments

The US-assisted and control extraction experiments with untreated (U) and frozenthawed (FT) skins were performed. Hereafter these experiments are denote as US, U and FT experiments. In all extraction experiments, the fruit skins (0.015 kg) were put into a glass beaker filled with distilled water (0.15 kg), i.e., the solid/solution ratio was 1:10. Extraction from U and FT samples was done at the room temperature T=23±3 o C.

The US treatment was done directly in the glass beaker using an ultrasonic processor UP 400S (400 W, 24 kHz, Hielscher GmbH, Stuttgart, Germany). The titanium ultrasonic probe (H14, Hielscher GmbH, Stuttgart, Germany) with a tip diameter of 14 mm, and a length of 100 mm was used. The US treatment was done in pulsed mode with sequential application of n (=1-9) ultrasonic pulses [START_REF] Wang | Selectivity of ultrasound-assisted aqueous extraction of valuable compounds from flesh and peel of apple tissues[END_REF]. After each US pulse with duration of ∆tu=180 s a pause with duration of ∆tw=120 s was applied. In order to avoid a temperature elevation during the application of US, the glass beaker was put in an ice/cold water box. The temperature of extraction was nearly room, T=23±3 o C.

In preliminary experiment with temperature elevation control the US power was determined as:

P =mtCp∆T/∆tu =0.108 kW. (1) 
Here Cp (=4.18 kJ/ . (kg .°C-1 )) is the specific heat capacity of water, mt (165 g=150 g of water +15 g of skin) is the total mass of a sample, ∆T is the temperature elevation.

The corresponding US energy input was calculated as WUS=(P/mt)n∆tu/3.6 . 10 3 =0.033n

(kWh/kg). The maximum US energy input at n=9 was WUS=0.299 kW•h/kg. The total duration of extraction experiments was up to te=2700 s and they were done at a room temperature, T=23 °C.

Analyses

The analyses include determination the extraction indexes (ionic content and total polyphenols) and cell disintegration index.

Extraction indexes

The electrical conductivity, σ, and total polyphenol content, P, of extracts were measured during extraction experiments. The value of σ was measured using a conductometer (PCE-PHD 1, PCE Instruments France EURL, France). The value of P was determined using the Folin-Ciocalteu method based on a colorimetric oxidation/reduction reaction of phenols [START_REF] Singleton | Analysis of total phenols and other oxidation substrates and antioxidants by means of folin-ciocalteu reagent[END_REF].

0.2 mL of diluted extract and 1 mL of Folin-Ciocalteu reagent (Merck, Darmstadt, Germany)

(diluted 1:10 with distilled water) were mixed. 0.8 mL of Na2CO3 (75 g/L) (Prolabo, Fontenay-sous-Bois, France) was then added. The sample was incubated for 10 min at 50 ºC and then cooled for 10 min at room temperature. For the control sample, 0.2 mL of distilled water was taken. The absorbance, A, was measured at 750 nm using a UV/Vis instrument (Thermo Spectronic Genesys 20, Thermo Electron Corporation, MA, USA). Gallic acid (Sigma-Aldrich, St-Quentin Fallavier, France) was used for the calibration curve. The results were expressed as mg of Gallic acid equivalent (GAE) per gram of 100 g dry matter samples (mg GAE/100g DM).

The ionic, Zi, [START_REF] Boussetta | Extraction of valuable biocompounds assisted by high voltage electrical discharges: a review[END_REF][START_REF] Vorobiev | Pulsed-electric-fields-induced effects in plant tissues: fundamental aspects and perspectives of applications[END_REF], and total polyphenol, Zp, extraction indexes respectively, were defined as

U FT U US i σ σ σ σ = Z - - , (3a) 
U FT U US p P P P P = Z - -. (3b) 
Here, lower case symbols correspond to U, US and FT experiments. Remarkable that during extraction increase of σ and P was observed for all samples and was maximum for frozen-thawed skins. These skins were damaged by FT before starting extraction. It evidenced the long-term nature of extraction processes of bio-compounds from skins.

Cell wall disintegration index

The cell wall disintegration was analyzed using the confocal laser scanning microscopy Processing of the CLSM images and calculation cell damage degree were done using the wholly automatic procedure supported with Matlab (Version 2011a, the Mathworks Inc., Mass, USA). Figure 3 shows the scheme applied for the processing and calculation of cell damage degree.

The following 5 steps were applied:

1) Pre-processing. For presentation of the cell walls the RGB image was transformed into the blue image. To reduce possible noise, the median-filtering technique (a special case of filter called rank-statistic filter), which allowed the edges to be preserved while filtering out the peak noise, was used [START_REF] Du | Correlating shrinkage with yield, water content and texture of pork ham by computer vision[END_REF].

2) Segmentation. To remove background, the blue image was transformed into the gray level image and then to the binary image (called bi-level images, BW). The Otsu algorithm for edge detection is used and the threshold value was determined with using Sobel filter [START_REF] Otsu | A threshold selection method from gray-level histograms[END_REF].

This filter is used in image processing for creation image emphasizing edges. It is based on the gradient approximation and convolving the image with a small, separable, and integervalued filter.

3) Inversion and holes filling. The BW image was inverted, white became black, and black became white. Now, the black and white present cell walls and cell bodies, respectively.

Then hole filling using a flood filling operation was applied [START_REF] Soille | Morphological image analysis: principles and applications[END_REF]. The flood filling operation is performed recursively on all elements connected to the node of interest.

4) The edges of cell image were smoothed by eroding the image with opening and closing algorithms. Opening is erosion followed by dilation, closing is a dilation followed by erosion [START_REF] Roushdy | Comparative study of edge detection algorithms applying on the grayscale noisy image using morphological filter[END_REF].

5) Corresponding pixels of each cells were found based on eight nearly label algorithm [START_REF] Charbit | Digital signal and image processing using MATLAB[END_REF][START_REF] Charbit | Others, Digital Signal and Image Processing using MATLAB[END_REF]. In this algorithm, the label of a pixel is influenced by the labels of its eight nearest neighboring pixels.

6) Calculation of cell numbers and determination of damage degree. To calculate the total number of cells, Nt, all the cells including the cells with incomplete edges (damaged cell walls) were labeled. The number of pixels in every labeled cell and the average number of pixels in all labeled cell were calculated. To calculate the number of damaged cells, Nd, the cells with number of pixels greater than the average value were identified. The damage degree was evaluated as d=Nd/Nt.

Finally, the cell wall disintegration index was calculated as

U FT U US m d d d d = Z - - . (4) 
Here, lower case symbols correspond to US, U and FT experiments. 

Statistical analysis

All experiments and measurements of characteristics were repeated at least in 3-5 times.

The mean values and the standard deviations were calculated. The error bars in figures correspond to the standard deviations. 5a) nearly saturated at the levels of ≈0.31 and ≈0. [START_REF] Charbit | Others, Digital Signal and Image Processing using MATLAB[END_REF] for apple and persimmon skins, respectively, whereas the highest value of Zi was observed for banana skins and it continuously increased even at te>2700 s. For banana skins the highest value of Zp was also observed. The total polyphenol extraction index, Zp, (Fig. 5b) nearly saturated at the levels of ≈ 0.76 and 0.62 for banana and persimmon skins, respectively. However, for the apple skins value of Zp continuously increased even at te>2700 s.

Results and discussions

For all studied skins the cell wall disintegration indexes, Zm, continuously increased even at te>2700 s and the highest disintegration was also observed for banana skins. The USinduced cell wall disintegration accompanied with intensive disintegration of skin tissues.

The observed differences in behavior for different skins can reflect different effects of US on damage of skin tissues. Studies of the particle size distributions in liquid extracts revealed strong effects of US treatment on overall disintegration and fragmentation of skins (see Supplementary materials, S2 (fig. S1)).

The observed different behavior of Zi, Zp, and Zm indexes reflected different effects of US on disintegration of cell membranes (so-called sonoporation) and cell walls. The mechanisms of US action includes effects of erosion, fragmentation or induction of the US capillary effects [START_REF] Pingret | Lab and pilot-scale ultrasound-assisted water extraction of polyphenols from apple pomace[END_REF][START_REF] Chemat | Ultrasound assisted extraction of food and natural products. Mechanisms, techniques, combinations, protocols and applications. A review[END_REF][START_REF] Fu | Sonoporation at small and large length scales: effect of cavitation bubble collapse on membranes[END_REF]. The efficiency of release of small molecules (e.g., ionic compounds) can be only determined by the damage of membranes, whereas the efficient release of polyphenols and other biocompounds with higher molecular weight or lower solubility in water [START_REF] Shahidi | Insoluble-bound phenolics in food[END_REF] could also require high level of damage of cell walls. In extraction of polyphenols the similar near linear Zi,(Zm) dependencies were only observed for bananas and persimmons. However, for apple skin this dependence was non linear (Fig. 6b). At small values of Zm (<0.05) the level of extraction grow in a row apple<persimmon<banana (Fig. 6a) and at higher cell disintegration the other row was observed: persimmon< apple<banana. Overall, among the studied skins, the maximum levels of Zi , Zp , and Zm were observed for the banana skins. It may be explained by rather low skin hardness for the banana (for the studied samples the hardness grow in the row banana<apple<persimmon, see Supplementary materials, S3). The differences between apple and persimmon skins cannot be explained by skin hardness. Our hypothesis is that these effects reflect different localization and binding of polyphenols, their solubilization in cell vacuoles [START_REF] Łata | Cultivar variation in apple peel and whole fruit phenolic composition[END_REF] as well as different fragmentation ability of skins under the influence of US treatment. Moreover, US treatment affected the thickness of skins, and effects of US treatment decreased in the row persimmon> banana> apple. This behavior may deflect the different effects of US on swelling and shrinkage ability of skins.

Conclusions and final remarks

Effects of ultrasound treatment on extraction of bio-compounds (ionic, Zi, and total polyphenol, Zp, indexes in liquid extracts) and cell wall disintegration index, Zm, for three fruit skins (apple, banana and persimmon) were evaluated. The total time of aqueous extraction was up to te=0-2700 s and the US specific energy inputs were in the interval between 0.033 and 0.299 kW . h/kg. The observed different behavior of Zi, Zp, and Zm indexes reflected different effects of US on damage cell membranes (so-called sonoporation) and rupture of cell walls. Correlations between extraction efficiencies and cell wall disintegration degree were analyzed. In extraction of ionic components the nearly linear Zi, (Zm) dependencies were observed for all skins with level of extraction grow in the row apple<persimmon<banana. In extraction of polyphenols the similar nearly linear Zi,(Zm) dependencies were only observed for bananas and persimmons, but for apple this dependence was non linear (Fig. 6b). Moreover, the order in row of the level of extraction was depended upon the value of Zm. The maximum obtained values of Zm were 0.087, 0.113, 0.155, for the apple, banana and persimmon skins, respectively. The highest extraction indexes Zi, Zp, were observed for the banana skins that can be explained by the lowest hardness of this skin. 

Figure captions

Figure 1

 1 Figure 1 presents examples of temporal changes in the electrical conductivity, σ, (a) and total polyphenols content, P, (b) in extraction experiments for apples skins U, US, and FT.

(

  CLSM) analysis performed with a ZEISS LSM 710 (ZEISS, Oberkochen, Germany). A single line excitation and multiple channel emission technique were used. For visualization of multispectral image data, the different channels were associated with a colors value on the display system. The RGB-color mode with three primary display colors (red, green and blue) was used. UV excitation was used with laser line at 405 and 488/543 nm, the fluorescence channel was given by the band pass filter (BP) 410-495 nm (blue), BP 495-564 nm (green) and longpass filter (LP) 563-685 nm (red).The laser-induced fluorescence images from skin samples were taken with a cooled, integrating CCD camera (AT 200) mounted on a ZEISS LSM 710 microscope with an HBO 50 excitation lamp (Zeiss, Oberkochen, Germany). Samples were detected under identical conditions and with identical buffer solutions. Single x-y images as well as a series of x-z images were taken from all samples (image size x*y*z was 212.55 µm*212.55 µm*13.63 µm), and the magnification times of images were 40.

Figure 2

 2 Figure 2 presents examples of cell images for samples obtained after U (a) and US (b) extraction experiments for studied fruit skins. The data are presented for the maximum extraction time of te=2700 s. It corresponds to the US energy input, WUS=0.299 kW•h/kg in the US experiments. Cell walls were practically undamaged in skins obtained after U experiments (Fig.2a), whereas in skins obtained after US experiments the spaces between cells became larger (apple), and many cells became connected together (banana and persimmon) (Fig.2b). Preliminary US extraction experiments with different US energy input (n=0-9, WUS=0-0.299 kW•h/kg) have shown that with a higher US energy input, the cell membranes and cell walls are damaged more severely, and more cells are connected to each other, and the spaces between cells become larger.

Figure 4

 4 Figure 4 presents example of temporal changes of the cell wall damage degree, d, in US, U and FT extraction experiments with apple skins. The damage degree, d, increased with increasing of extraction time, te, in U and US experiments, whereas in FT experiments the damage degree was approximately 0.91.

Figure 5

 5 Figure 5 shows the temporal changes of ionic, Zi, (a), and total polyphenol, Zp, (b) extraction indexes, and cell wall disintegration index, Zm, (c) for apple, banana and persimmon skins treated by US. The different tendencies in extraction kinetics of different components were observed. For examples, at long extraction time (te≈2700 s), the ionic extraction index, Zi, (Fig. 5a) nearly saturated at the levels of ≈0.31 and ≈0.46 for apple and

Figure 6

 6 Figure6presents the ionic, Zi,(a) total polyphenol, Zp, (b), extraction indexes versus the cell wall disintegration index, Zm, for skins of apples, bananas and persimmons. In extraction of ionic components the nearly linear Zi,(Zm) dependencies were observed for all skins with level of extraction grow in the row apple<persimmon<banana (Fig.6a). The observed behavior evidenced that US treatment resulted in damage of both the membranes and cell walls.
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 1 Fig. 1. Examples of temporal changes of the electrical conductivity, σ, (a) and total polyphenols content, P, (b) in U, US and FT extraction experiments for apple skins.

Fig. 2 .Fig. 3 .Fig. 4 .

 234 Fig. 2. Examples of images for samples obtained after U (a) and US (b) extraction experiments for studied fruit skins (apple, banana, persimmons). The extraction time was te=2700 s and in US experiment the energy input was WUS=0.299 kW•h/kg.Fig. 3. Scheme applied for processing of the images.Fig. 4. Examples of temporal changes of cell wall damage degree, d, in US, U and FT extraction experiments for apple skins.
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 5 Fig. 5. Temporal changes of ionic, Zi, (a), and total polyphenol, Zp, (b) extraction indexes, and cell wall disintegration index, Zm, (c) for skins of apple, banana and persimmon treated by US.
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 64 Fig.6. Correlations between the ionic, Zi, total polyphenol, Zp, (b), and the cell wall disintegration index, Zm, for skins of apples, bananas and persimmons.
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