Mahta Mousavi 
  
Ali Zaiter 
  
Ali Modarressi 
  
Elie Baudelaire 
  
Amadou Dicko 
  
Domestica Subsp Insititia 
  
L Mahta Powders 
  
Mousavi 
  
The positive impact of a new parting process on antioxidant activity, malic acid and phenolic content of Prunus avium L., Prunus persica L. and Prunus domestica subsp. Insititia L. powders

Keywords: Polyphenols, superfine powders, antioxidant activity, LC-UV-ESI/MS

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

Antioxidants act as free radical hunters, they inhibit or delay the oxidation of other molecules and they prevent and repair damage done by the free radicals in oxidant-antioxidant system [START_REF] Velioglu | Antioxidant Activity and Total Phenolics in Selected Fruits, Vegetables, and Grain Products[END_REF]. One natural way of increasing the antioxidant intake in the human diet is consuming fruits as rich sources of antioxidants and the other way is enriching food with fruits antioxidants [START_REF] Soong | Antioxidant activity and phenolic content of selected fruit seeds[END_REF]. In food industry, fruit powders can be used as additives [START_REF] Palafox-Carlos | The role of dietary fiber in the bioaccessibility and bioavailability of fruit and vegetable antioxidants[END_REF][START_REF] Lavelli | Properties of tomato powders as additives for food fortification and stabilization[END_REF]. Certain fruits which are rich in the variety of antioxidants have pharmaceutical aspects and they can be used to protect against diseases, including cancer and cerebrovascular diseases [START_REF] Wang | Total Antioxidant Capacity of Fruits[END_REF][START_REF] Kanaze | Simultaneous reversed-phase high-performance liquid chromatographic method for the determination of diosmin, hesperidin and naringin in different citrus fruit juices and pharmaceutical formulations[END_REF]. Many researches focused on fruits which are rich sources of phenolic compounds such as chlorogenic acid, rutin, quercetin and (+)-catechin [START_REF] Malta | Assessment of antioxidant and antiproliferative activities and the identification of phenolic compounds of exotic Brazilian fruits[END_REF]. Prunus family exhibits high antioxidant activity [START_REF] Usenik | Sugars, organic acids, phenolic composition and antioxidant activity of sweet cherry (Prunus avium L.)[END_REF][START_REF] Vizzotto | Phenolic content and antioxidant activity of different genotypes of blackberry (Rubus sp.)[END_REF] and the plums have high level of phenolic contents [START_REF] Cosmulescu | Total Phenolic, Flavonoid Distribution and Antioxidant Capacity in Skin, Pulp and Fruit Extracts of Plum Cultivars[END_REF][START_REF] Jaiswal | Identification of Phenolic Compounds in Plum Fruits (Prunus salicina L. and Prunus domestica L.) by High-Performance Liquid Chromatography/Tandem Mass Spectrometry and Characterization of Varieties by Quantitative Phenolic Fingerprints[END_REF]. In addition, malic acid is a characteristic compound in many fruits including apple, pineapple and citron [START_REF] Cunha | HPLC/UV determination of organic acids in fruit juices and nectars[END_REF]. Malic acid is used extensively in the pharmaceutical industry and as a food additive. Researches show eating foods with high malic acid content or supplementing with malic acid can help to reduce muscle pain and muscle soreness in people who suffer from fibromyalgia and/or chronic fatigue syndrome [START_REF] Abraham | Management of Fibromyalgia: Rationale for the Use of Magnesium and Malic Acid[END_REF].

Current developments are focused on improving the extraction yields of bioactive compounds [START_REF] Ćujić | Optimization of polyphenols extraction from dried chokeberry using maceration as traditional technique[END_REF] using green methods such as ultrasound [START_REF] Esclapez | Ultrasound-Assisted Extraction of Natural Products[END_REF], microwaves [START_REF] Lucchesi | Solvent-free microwave extraction of essential oil from aromatic herbs: comparison with conventional hydro-distillation[END_REF] and superfine grinding process [START_REF] Zhu | Superfine grinding improves functional properties and antioxidant capacities of bran dietary fibre from Qingke (hull-less barley) grown in Qinghai-Tibet Plateau, China[END_REF]. Recently, a new process (patent PCT/FR2011/000561), consisting of Comminution and to control Diffraction Sieving (CDS), has received increasing attention due to the raising desire to develop ecological extraction technologies of natural and active ingredients without any solvent [START_REF] Zaiter | Effect of particle size on antioxidant activity and catechin content of green tea powders[END_REF][START_REF] Becker | Improvement of antioxidant activity and polyphenol content of Hypericum perforatum and Achillea millefolium powders using successive grinding and sieving[END_REF]. For the first time, this paper validated the positive effect of CDS on the phytochemical properties of three fruits: cherry (Prunus avium L.), peach (Prunus persica L.) and damson (Prunus domestica subsp. Insititia L.) from Lorraine region in France. This study showed that, in specific particles sizes, the CDS increases the extraction yields of bioactive compounds from these superfine fruits powders, without any solvent.

Materials and methods

Fruits and powders

Three fruits with the common names: cherry, peach and damson were collected from Lorraine region in France and provided by the VEGAFRUITS company. These superfine fruits powders were prepared using "Ultra Centrifugal Mill ZM 200" (Retsch, France) for grinding and "vibratory sieve shaker Analysette 3 Spartan" (Fritsch, Idar-Oberstein, Germany) for sieving. They were purchased from Laboratory of Biomolecular Engineering (LIBio) of Lorraine University in France. The superfine powders were classified as follow: < 180 µm, 180-315 µm, 315-500 µm, > 500 µm and the unsieved superfine powders.

Chemicals

Folin-Ciocalteu reagent, chlorogenic acid, malic acid, isoquercetin, (+)-catechin, (-)-epicatechin, rutin, p-coumaroylquinic acid, procyanidin B2, gallic acid, trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2carboxylic acid), DPPH (2,2-diphényl-1-picrylhydrazyle), ABTS (2,2′-azinobis-(3ethylbenzothiazoline-6-sulfonic acid)), AAPH (2,2'-Azobis(2-amidinopropane) dihydrochloride), monopotassium phosphate (KH2PO4), HPLC-grade methanol, water, acetonitrile and formic acid were purchased from Sigma-Aldrich (Saint Quentin Fallavier, France). Sodium nitrate (NaNO2), sodium carbonate (Na2CO3), aluminum chloride (AlCl3) and sodium hydroxide (NaOH) were acquired from Acros Organics (Geel, Belgium).

Hydromethanolic extraction

The extraction of bioactive compounds from all fruits granulometric classes were carried out by hydromethanolic extraction [START_REF] Ćujić | Optimization of polyphenols extraction from dried chokeberry using maceration as traditional technique[END_REF] with slight modification. For this, 2 g of each fraction was macerated in 20 mL of 70% methanol for 24 h at room temperature with stirring (Fisherbrand Seastar digital orbital shaker) at 11000 rpm. The extract was filtered (filter paper: 10 to 20 μm) and it was stored in a sealed dark bottle at 4°C until required.

UV-Visible analyses

Colorimetric determination of total phenolic content (TPC), total flavonoid content (TFC) and antioxidant activity (AA) were performed by UV-Visible spectrophotometer Cary 50 Scan (Agilent, Santa Clara, California, USA). All values were expressed as means ± standard deviations of triplicate measures.

Total phenolic content (TPC)

Total phenolic content (TPC) was measured based on the method described by Muanda et al. [START_REF] Muanda | Phytochemical Composition and Antioxidant Capacity of Three Malian Medicinal Plant Parts[END_REF] with slight modifications. Therefore, 100 µL of each fraction extract was added to a tube test containing 5 mL of distilled water, 500 µL of Folin-Ciocalteu reagent (1 N) and 2 mL of Na2CO3 (7%). After one hour of incubation at room temperature, the absorbance was recorded at 725 nm against the blank (methanol). Different gallic acid methanolic solutions with different concentrations (from 500 to 2500 ppm) were used to obtain a calibration curve. Total phenolic content was expressed as milligram gallic acid equivalent per gram of dry weight (mg GAE/g dw).

Total flavonoid content (TFC)

Total flavonoid content (TFC) was measured based on the method described by Chen et al. [START_REF] Chen | Extraction and deglycosylation of flavonoids from sumac fruits using steam explosion[END_REF] with some modifications. In brief, 100 μL of each fraction extract was added to a tube test containing 5 mL of distilled water and 300 µL NaNO2 (5%). After five minutes, 300 µL AlCl3 (10%) and 2 mL of NaOH (1 M) were added and the sample was thoroughly mixed. The absorbance was recorded at 510 nm against the blank (methanol). Different catechin methanolic solutions with different concentrations (from 100 to 1000 ppm) were used to obtain a calibration curve. Total flavonoid content was expressed as milligram catechin equivalent per gram of dry weight (mg CE/g dw).

Antioxidant activity (AA), DPPH assay

Antioxidant activity (AA) was evaluated by DPPH (1, 1-diphenyl-2-picrylhydrazyl) scavenging activity assay [START_REF] Mensor | Screening of Brazilian plant extracts for antioxidant activity by the use of DPPH free radical method[END_REF]. Briefly, 3 mL of DPPH methanolic solution (200 µM) was mixed with 100 µL of each fraction extract. The mixture was incubated in the dark for 30 min and then the absorbance was recorded at 518 nm. Different trolox methanolic solutions with different concentrations (from 100 to 1000 ppm) were used to obtain a calibration curve [START_REF] Van Den Berg | Applicability of an improved Trolox equivalent antioxidant capacity (TEAC) assay for evaluation of antioxidant capacity measurements of mixtures[END_REF]. The AA was expressed in terms of milligram trolox equivalent per gram of dry weight (mg TE/g dw).

Antioxidant activity (AA), ABTS assay

Antioxidant activity (AA) was also evaluated by ABTS test [START_REF] Muanda | Phytochemical Composition and Antioxidant Capacity of Three Malian Medicinal Plant Parts[END_REF] with small modifications. Briefly, NaOH (150 mM) was added to a solution containing KH2PO4 (100 mM) to receives in Ph = 7.4 (buffer). Two different solutions consisting of AAPH (1 mM) and ABTS (2.5 mM) were separately prepared using buffer solution mentioned. They were mixed and incubated in the dark, at 68°C for 20 min. The blue -green solution obtained (ABTS •+ ) gives an absorbance of 0.65 ± 0.02 at 734 nm at ambient temperature. Then, 20 μL of the fraction extract was added to 3 mL of the ABTS •+ solution. The mixture was incubated at 37°C for 30 min in the dark. The absorbance was recorded at 734 nm.

Different trolox methanolic solutions with different concentrations (from 100 to 1000 ppm) were used to obtain a calibration curve and the AA expressed in terms of mg TE/g dw.

LC-UV-ESI/MS

The bioactive components were determined by Shimadzu LC-MS 2020 equipment, which contain an HPLC unit, coupled to an electrospray ionization source permitting the MS detection. The injection volume was 20 μL, the quaternary pump delivered a flow rate of 0.6 mL/min and the oven temperature was set at 30°C. Separation was performed on C18 reverse phase Gemini column, having the following parameters: internal diameter 4.6 mm, length 150 mm, particle size 3 µm and pore size 130 Å. The two eluent solvents were water (A), acidified to 0.5% with formic acid, and acetonitrile (B). The 24 min used gradient was as follow: 0-15.50 min from 90:10 to 50:50 (A:B) (linear gradient); 15.50-16 min from 50:50 to 10:90 (A:B) (linear gradient); 16-20.50 min held at 10:90 (A:B); 20.50-21 min from 10:90 to 90:10 (A:B) (linear gradient); 21-24 min held at 90:10 (A:B) (re-equilibration). In mass detector, the nebulization gas flow was set at 1.5 L/min, drying gas flow was set at 10 L/min, the desolvation line temperature was set at 250°C and the source temperature was set at 350°C. The probe voltage was set at -4 kV and the electrospray ionization mode was in negative.

Calibration curve

Each bioactive compound was quantified based on a calibration curve of its corresponding external standard. The calibration curve was obtained by injection of the different concentrations (from 0.1 to 10 ppm 70% methanol) of the standard. Using the selected ion monitoring (SIM) mode, quantification of standards was performed. The linearity and sensitivity were evaluated by determining the limits of detection (LOD) and quantification (LOQ), defined as the concentration leading to a signal-to-noise ratio (S/N) of 3 and 10 respectively.

Statistical analyses

All data were expressed as means ± standard deviations of triplicate measures. Statistical analyses (ANOVA) was conducted using SAS software (SAS Institute, NC, USA) with p < 0.05 as significance level.

Results and discussion

Identification of bioactive compounds was confirmed by retention times (tR) of the corresponding external standard compounds, as well as the m/z ratios. Under the applied column and solvents gradients, malic acid, due to its polarity, was not retained in the column and it was eluted after 2.8 min. For all experiments, the mean value and standard deviation of triplicate measures were calculated.

Cherry

TPC, TFC and antioxidant activity (AA) analyses

The evolution of TPC, TFC and AA of four granulometric classes and unsieved superfine cherry powders were performed and the results are shown in Fig. S1 and Fig. S2. The 180-315 µm fraction had maximum values of TPC and TFC with 38.9 mg GAE/g dw and 24.3 mg CE/g dw, respectively (Fig. S1). This fraction also showed the best antioxidant activities: 59.4 mg TE/g dw using DPPH and 149.8 mg TE/g dw using ABTS (Fig. S2). These analyses show that CDS is a successful method to increase antioxidant activity of superfine cherry powders in the special particle sizes: 180-315 µm.

Identification and characterization of bioactive compounds by LC-UV-ESI/MS

Six phenolic compounds were identified in extract of superfine cherry powders using UV detector. The chromatogram profile of the 180-315 µm fraction is shown in Fig. 1 (this fraction exhibited the highest antioxidant activity). The best intensity was reached at 340 nm for phenolic compounds. Two phenolic acids: chlorogenic acid at tR = 5.7 min and p-coumaroylquinic acid at tR = 7 min were identified. In addition, one tannin: procyanidin B2 at tR = 7.4 min and three flavonoids: (-)-epicatechin at tR = 8.2 min, rutin at tR = 9.3 min and isoquercetin at tR = 10 min were identified. The previously identified compounds were characterized by their m/z ratios using ESI/MS detector.

The results are shown in Fig. 2. Note that under the same peak at 7 min, two compounds were coeluated: chlorogenic acid (m/z 353) and p-coumaroylquinic acid (m/z 337). However, their different m/z ratios permit to characterise each of them. Due to the absence of a chromophore group on malic acid, it is not detectable by means of a UV detector. Therefore, the ESI/MS detector has characterized malic acid.

Quantification of bioactive compounds by LC-ESI/MS

Using LC-ESI/MS, concentrations of malic acid and characterised phenolic compounds were calculated in all cherry fractions (Table 1). According to these results, the 180-315 µm fraction had the highest concentration of malic acid with 4.57 ± 0.04 mg/g dw. In addition, all identified phenolic compounds were concentrated in the 180-315 µm fraction and the best concentration in this fraction was belong to p-coumaroylquinic acid with 4.56 ± 0.03 mg/g dw. These results indicate that CDS increase significantly the concentrations of bioactive compounds in the 180-315 µm fraction of cherry powders. During CDS process, the huge molecules such as carbohydrates and fibres remain in the large particles; so, by decreasing the particle size, carbohydrate contents decreased, whereas the contents of other compounds (lipids, proteins and polyphenols) increased. Therefore, the smaller granulometric classes revealed the higher concentration of bioactive compounds [START_REF] Becker | Improvement of antioxidant activity and polyphenol content of Hypericum perforatum and Achillea millefolium powders using successive grinding and sieving[END_REF].

Table 1: Concentrations of characterised bioactive compounds in all granulometric classes of superfine powders of cherry. Presented data are mean ± standard deviation of triplicate measures; in the same line, the mean values followed by the same superscript letters were not statistically different (p < 0.05). The bold numbers show the highest concentrations.

Peach

TPC, TFC and antioxidant activity (AA) analyses

The evolution of TPC, TFC and AA of all peach fractions were carried out and the results are collected in table 2. These analyses show that the > 500 µm fraction had the highest levels of TPC and TFC: 27.68 mg GAE/g dw and 10.81 mg CE/g dw, respectively. This fraction also has the best antio 205 xida 206 nt 207 activ 208 ities: 209 42.9 210 1 mg TE/g dw using DPPH and 148.21 mg TE/g dw using ABTS. These results prove that CDS is a beneficial procedure for increasing antioxidant activity of superfine peach powders particularly for particle sizes > 500 µm. 2: Antioxidant activities using DPPH and ABTS assays, total polyphenol and flavonoid contents (TPC and TFC) in all granulometric classes of superfine powders of peach. Presented data are mean ± standard deviation of triplicate measures; in the same column, the mean values followed by the same superscript letters were not statistically different. The bold numbers show the highest levels.

Identification and characterization of bioactive compounds by LC-UV-ESI/MS

Four polyphenols were identified in extract of superfine peach powders using UV detector. Fig. S3 shows the chromatogram profile of the > 500 µm fraction, which exhibits the highest antioxidant activity. The best intensity was reached at 340 nm for phenolic compounds. Chlorogenic acid at tR = 5.7 min, isomer of chlorogenic acid (neo or crypto) at tR = 7 min, rutin at tR = 9.3 min and isoquercetin at tR = 10 min were identified. Using ESI/MS detector, these polyphenols and malic acid (m/z 133) were characterized by their m/z ratios (Fig. S4).

Quantification of bioactive compounds by LC-ESI/MS

Concentrations of malic acid and characterised phenolic compounds were determinated in all peach fractions (Table 3). According to these analyses, the concentrations of phenolic compounds were increased in the < 180 fraction and the highest one was obtained for isoquercetin with 3.43 ± 0.01 mg/g dw. However, malic acid was concentrated in the > 500 µm fraction with 3.72 ± 0.02 mg/g dw. The fact that the highest polyphenol concentrations were obtained from an optimal particle size range < 180 μm, confirms that CDS is an effective method to improve the extraction of phenolic compounds in the specific granulometric class of peach powders. 4. The > 500 µm fraction had the highest values of TPC and TFC: 25.58 mg GAE/g dw and 12.96 mg CE/g dw, respectively. This fraction also exhibited the best antioxidant activities: 27.72 mg TE/g dw using DPPH and 86.51 mg TE/g dw using ABTS assay. These analyses show that CDS does not have a positive effect on the increase of the antioxidant activity in superfine damson powders with particle sizes less than 500 µm. Table 4: Antioxidant activities using ABTS and DPPH assays, total polyphenol and flavonoid contents (TPC and TFC) in all granulometric classes of superfine powders of damson. Presented data are mean ± standard deviation of triplicate measures; in the same column, the mean values followed by the same superscript letters were not statistically different. The bold numbers show the highest levels.

Identification and characterization of phenolic compounds by LC-UV-ESI/MS

Three polyphenols were identified in extract of superfine damson powders using UV detector.

Chromatogram profile of the > 500 fraction, at 340 nm, is shown in Fig. S5. The peaks corresponding to chlorogenic acid with tR = 5.7 min, (+)-catechin with tR = 7.2 min and rutin with tR = 9.3 min were identified. These phenolic compounds and malic acid (m/z 133) were characterised by ESI/MS detector (Fig. S6). The ratio m/z 289 corresponds to two peaks having different retention times; the first is (+)-catechin with tR = 7.2 min and the last is (-)-epicatechin with tR = 10 min.

Quantification of bioactive compounds by LC-ESI/MS

Concentrations of malic acid and characterised phenolic compounds were calculated in all damson fractions (Table 5). Malic acid was concentrated in the 180-315 µm fraction with 3.85 ± 0.01 mg/g dw. Chlorogenic acid with 2.67 ± 0.04 mg/g dw and rutin with 0.35 ± 0.01 mg/g dw were concentrated in the < 180 µm fraction. According to these results, the CDS is a successful method to concentrate the three mentioned compounds in the superfine damson powders with particle sizes < 315 μm. 

Conclusion

The purpose of this study was to validate the positive effect of a new grinding and sieving process, CDS, on improving the phytochemical properties of cherry (Prunus avium L.), peach (Prunus persica L.) and damson (Prunus domestica subsp. Insititia L.) superfine powders in the specific particle sizes.

In superfine cherry powders, highest level of antioxidant activity, highest concentrations of malic acid and characterized phenolic compounds were obtained for the 180-315 µm fraction. In superfine peach and damson powders, the > 500 µm fraction presented the best antioxidant activity. The peach analyses showed that the > 500 µm fraction had highest concentration of malic acid; however, the maximum concentrations of chlorogenic acid, chlorogenic acid isomer, rutin and isoquercetin were obtained in the < 180 µm fraction. Based on the analyses of superfine damson powders, the concentrations of malic acid, chlorogenic acid and rutin reached their maximum levels in the fractions with particle sizes < 315 µm. In conclusion, all these results prove the interest of CDS as a new green successful method to concentrate the bioactive compounds, without any solvent, according to the distribution of the particle sizes of these superfine fruits powders. 

Fig. 1 :

 1 Fig. 1: LC-UV Chromatogram profile: fraction (180-315 µm) of superfine cherry powders.

Fig. 2 : 1 .

 21 Fig. 2: LC-ESI/MS chromatogram profile: fraction (180-315 µm) of superfine cherry powders. 1. Malic acid (m/z 133), 2. Chlorogenic acid (m/z 353), 3. Chlorogenic acid-isomer (m/z 353), 4. p-Coumaroylquinic acid (m/z 337), 5. Procyanidin B2 (m/z 577), 6. (-)-Epicatechin (m/z 289), 7. Rutin (m/z 609) and 8. Isoquercetin (m/z 463).
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	Compounds	m/z	tR (min)	< 180 µm	180-315 µm	Concentration (mg/g dw) 315-500 µm > 500 µm	unsieved powders
	Malic acid	133	2.8	4.08 ± 0.01 a	4.57 ± 0.04 b	4.19 ± 0.01 c	4.49 ± 0.03 d	4.45 ± 0.02 d
	Chlorogenic acid Chlorogenic acid-isomer p-Coumaroylquinic acid Procyanidin B2	353 353 337 577	5.7 7 7 7.4	1.61 ± 0.01 a 0.83 ± 0.02 a 4.07 ± 0.01 a 0.67 ± 0.04 a	1.92 ± 0.01 b 1.21 ± 0.02 b 4.56 ± 0.03 b 0.72 ± 0.01 b	1.73 ± 0.02 c 0.74 ± 0.01 c 4.38 ± 0.01 c 0.64 ± 0.02 a	1.73 ± 0.04 c 0.71 ± 0.04 c 4.41 ± 0.01 d 0.63 ± 0.02 a	1.81 ± 0.03 d 0.92 ± 0.03 d 4.48 ± 0.01 e 0.71 ± 0.03 b
	(-)-Epicatechin	289	8.2	0.72 ± 0.02 a	0.83 ± 0.01 b	0.76 ± 0.01 c	0.71 ± 0.02 a	0.81 ± 0.02 b
	Rutin Isoquercetin	609 463	9.3 10	0.49 ± 0.01 a 0.09 ± 0.01 a	0.71 ± 0.02 b 0.27 ± 0.01 b	0.53 ± 0.01 c 0.11 ± 0.02 a	0.51 ± 0.01 a 0.11 ± 0.04 a	0.54 ± 0.01 c 0.11 ± 0.01 a
	Particle sizes		TPC	TFC		Antioxidant activities	

Table 3 :

 3 Concentrations of characterised bioactive compounds in all granulometric classes of superfine powders of peach. Presented data are mean ± standard deviation of triplicate measures; in the same line, the mean values followed by the same superscript letters were not statistically different (p < 0.05). The bold numbers show the highest concentrations.

	DPPH	ABTS
	(mg TE/g dw)	(mg TE/g dw)

3.3. Damson

3.3.1. TPC, TFC and antioxidant activity (AA) analyses

Table 5 :

 5 Concentration of characterised bioactive compounds in all granulometric classes of superfine powders of damson. Presented data are mean ± standard deviation of triplicate measures; in the same line, the mean values followed by the same superscript letters were not statistically different (p < 0.05). The bold numbers show the highest concentrations.
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