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Abstract:-
Berry skin of Red grape, content and composition of pectin, anthocyanin and phenolic compounds development were evaluated in two Red cultivars (Beauty and Muscat Alex) from veraison to ripening with foliar spray by CaCl2 at 6% concentration on (2013- 2014 ) seasons. The results showed that the amount of anthocyanin and total phenolics in grape skin samples increased in ripening stage but pectin decreased. While berries treated by CaCl2 had a higher values of pectin than untreated berries in ripening stage of two seasons. Statistically significant difference were founded between the cultivars (P<0.05 ) Phenolic acids fractionations by HLPC was showed that the highest value was registered Salicylic in veraison stage, caffeine in ripening stage and Cinnamic in berries treated by CaCl2 in  ripening stage of Beauty cultivar .Along Protocatechuic and salicylic were recorded in veraison stage, Caffeine and Vanillic in ripening stage and Cinnamic in ripening stage of berries treated by CaCl2 of Muscat Alex cultivar among other phenolic acids quantified . After that phenolic composition is highly diversified among different development stage and varieties.   
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1. Introduction:-
Grapes (Vitis vinifera  L.) are important sources of antioxidants such as phenolic compounds. The antioxidant activity of dietary polyphenols is considered to be much greater than that of the essential vitamins, therefore 

contributing significantly to the health benefits of grapes (Banini et al., 2006; Anastasiadi et al., 2010). Over the past few years there has been increasing interest in determining the relevant dietary sources of antioxidant phenolics. Phenolic compounds are divided into two groups: flavonoid (anthocyanins, flavan-3-ols, condensed tannins and flavonols) and non-flavonoid compounds (phenolic acids and stilbenes).

Grapes are classified as table grapes, wine grapes (used in viniculture), raisin grapes, and so on, with edible seeds or seedless. In most cultivars, the first growth phase is followed by a lag phase. The duration of this phase is specific to the cultivar considered and its end corresponds to the end of the herbaceous phase of the fruit. After this period of absence of growth, a second growth phase takes place, which coincides with the onset of ripening. The French word véraison used to describe the change in berry skin color, which indicates the beginning of ripening, has been adopted to describe the onset of ripening. The most dramatic changes in grape berries’ composition occur during this second growth phase, or ripening phase. Berries switch from a status where they are small, hard and acidic, with little sugar to a status where they are larger, softer, sweeter, less acidic, and strongly flavored  and colored (Boss and Davies 2001).
Ripening, which starts 6–8 weeks after full bloom (50% of flowers open), lasts for 4–10 weeks, depending on the cultivar. Several processes occur during ripening. The berry softens and it begins to accumulate soluble carbohydrate, the organic acid content decreases, the content of free amino acids increases and, in red grape varieties, the skin becomes colored due to the accumulation of substances such as anthocyanins and flavonols (Kanellis and Roubelakis-Angelikis, 1993; Boss et al., 1996).
The skin ranges from 8 to over 20% of berry weight, depending on variety. The skin contains significant quantities of phenolic and aromatic compounds, which are of major enological importance. The skin contains benzoic and cinnamic acids, flavanols and tannins at maturity. In addition, the red grape skin contains anthocyanins, the cause of the color. Hydroxycinnamic acids are also accumulated during the initial growth period. They are distributed in the flesh and skin of the berry and are important because of their involvement in browning reactions, and since they are precursors of volatile phenols (Romeyer et al. 1983). In the grape berry, flavonoids such as anthocyanins are located mainly in the skins (Jordão et al., 1998a), while the flavan-3-ols (catechins and proanthocyanidins) are present in the skins, seeds and stems (Kennedy et al., 2000a, 2000b; Jordão et al., 2001a,b).
The firmness of table grapes is an important quality attribute. Grape berries begin to soften at veraison and the degree of softening at maturity is determined largely by cultivar. Although most post-harvest berry softening has been attributed to loss of water, the softening associated with ripening is considered to result from changes in the composition of the cell walls (Robinson & Davies 2000). Fruit tissues are particularly rich in pectins, which can account for up to 40% of the total cell wall polysaccharides. Pectins are also a diverse group of polymers rich in galacturonic acid (Ridley et al., 2001). During softening, depolymerization of pectin and xyloglucan molecules and a decrease in the amount of hemicellulose and cellulose have been detected (Yakushiji et al. 2001). There is a steady decrease in total pectin substances during grape ripening and a decrease in methyl-esterification of insoluble pectins (Barnavon et al., 2001). The cell wall comprises a mixture of hemicelluloses, pectins and structural proteins embedded in a network of cellulose microfibrils. The exocarp (skin) has a content of cell wall material higher than that of the mesocarp (pulp) and is richer in pectins (Vidal et al., 2001, Ortega-Regules et al. 2008).
The structure and composition of cell walls in both tissues, however, vary significantly among different grape berry cultivars (Nunan et al. 1998, Ortega-Regules et al. 2008).The dynamic expression profiles of cell wall-modifying enzymes and corresponding changes in cell wall composition during berry ripening have shown that the modification of pectins is primarily responsible for the progressive loss of firmness in ripening fruits (Nunan et al. 1998, 2001, Vidal et al., 2001, Doco et al., 2003, Grimplet et al., 2007).The activity of pectin methylesterase(PME),a-galactosidase and b-galactosidase increases after veraison, whereas polygalacturonase (PG) activity is low or undetectable (Selvaraj et al., 1995, Nunan et al., 2001, Deytieux-Belleau et al., 2008, Ortega-Regules et al. 2008). 
Calcium (Ca) is the plant nutrient most closely related to fruit quality, and firmness in particular. Calcium appears to be involved in maintaining firmness due to its role as a major component of pectins and in strengthening cell wall and membrane structure (Maas 1998 and Sams 1999). Furthermore levels of calcium, a mineral which stabilizes plant cell walls, decrease during berry ripening (Cabanne & Doneche 2001). 

Preharvest calcium sprays are one of the most important practices of the new strategies applied in the Integrated Fruit Production systems, improving fruit characteristics and minimizing fungicide sprays towards the end of the harvest period, since they improve fruit resistance to brown rot (Conway et al., 1994). Sprays with calcium chloride based formulas are extensively used, whereas chelated calcium sources are promoted as alternative sources, characterized by a high absorption capacity (Lester and Grusak, 2004).
Anthocyanins, the most important group of water-soluble pigments in plant tissues, are phenolic compounds with diverse chemical structure, localized within the vacuole of the plant cell, giving rise to colors from red to blue-purple or even black (Artés et al., 2002). The occurrence and accumulation of anthocyanins vary with the fruit species, cultivar, tissue structure, geographical location, position of the fruit on the tree, and cultivation conditions (Artés et al., 2002).  
Anthocyanins are pigments, and mainly exist in grape skins. Anthocyanins are the main polyphenolics in red grapes, while flavan-3-ols are more abundant in white varieties (Orak, 2007; Mulero et al., 2010). Anthocyanins in grape skins, which are responsible for the red colour of grape and wine, include delphinidin, cyanidin, petunidin, peonidin, malvidin 3-glucosides, 3-(6-acetyl)-glucosides, 3-(6-pcoumaroyl)- glucosides, peonidin, malvidin 3-(6-caffeoyl)-glucosides and some pyruvates. Anthocyanins are currently being associated with health benefits, such as antioxidant and anticancer activity. Two hydroxyl groups or hydroxyl and methoxyl groups in the ortho position can improve the combining capacity of anthocyanins with metallic ions (Orak, 2007; Poudel et al., 2008; Mulero et al., 2010). 
Grape is a phenol-rich plant, and these phenolics are mainly distributed in the skin, stem, leaf and seed of grape, rather than their juicy middle sections. The total phenolic content of grape skins varied with cultivar, soil composition, climate, geographic origin, and cultivation practices or exposure to diseases, such as fungal infections.The compounds mainly included proanthocyanidins, anthocyanins, flavonols, flavanols, resveratrols and phenolic acids (Connor et al., 2002; Yilmaz and Toledo 2004; Dani et al., 2007). Berry skin is the part where most phenolic accumulation occurs (Poudel et al., 2008). Grape phenolics can be found in large quantities especially in grapes skin (Singleton, 1982), they are classified in two groups: flavonoids (catechins, quercetin and anthocyanins) and non-flavonoids (gallic acid, ferrulic acid, resveratrol). In grapes, quercetin is mainly localized in skins, while the resveratrol is present in grape skins and seeds. It is known that both genetic factors as well as environmental conditions play an important role in qualitative and quantitative composition of phenolic acids. Among phenolic acids determined in grapes skin, three of them: ferrulic acid, quercetin and resveratrol are found in larger amounts compared to other phenolic acids quantified (Yang et al., 2009; Anastasiadi et al., 2010). 
Grapes have long been appreciated for their rich content of phenolic compounds such as gallic acid, catechin, anthocyanins and resveratrol, and a wide variety of procyanidins (Cheynier & Rigaud, 1986; Jordão et al., 1998a, 1998b; Kennedy et al., 2000a, 2001; Jordão et al., 2001a, b). The reported evidences of beneficial health effects of phenolic compounds include inhibiting some degenerative diseases, such as cardiovascular diseases, and certain types of cancers, reducing plasma oxidation stress and slowing aging. Phenolic compounds are also regarded as preservatives against microbes and oxidation for food. What’s more, in vivo assays showed that phenolic compounds are bioavailable. Therefore grape diet supplements would be promising functional foods worthy of popularization (Poudel et al., 2008; Yang et al., 2009).           

The aim of this study was to compare pectin, anthocyanin and phenolic acids content of Muscat Alex, Beauty grapes cultivars (red skin samples) at two periods(veraison and ripening) after spraying with CaCl2 6%.

Materials& Methods of analysis:-
Grape samples:-
              This study was carried out during two consecutive seasons of (2013-2014) on two Red cultivars of Vitis vinifera L., namely (Beauty seedless and Muscat Alex seeds) grapevines. All vines were 10 year-old, spaced at 1.5x3 m, grown at the Experimental vineyard, Fruit Department, Faculty of Agriculture, Assiut University. The vines were trained in traditional double cordon with two wires the first wire was at 80 cm height above the soil, while the second wire was at 120 cm above soil. The used vines were healthy, uniform in vigor and were divided for achieving this study.
Two cultivars were planted in the same area, with similar climatic conditions, soil characteristics and the same management practice, such as irrigation, fertilization, soil management, disease control and pruning. 
Preharvest Treatments:- Three grapes vines were selected from both cultivars for sprayed with CaCl2 6% solution twice, the first in berry set and the second in beginning of veraison during 2013 and 2014, seasons. Then, grapes clusters were collected from each sprayed-tree (replicate) and these clusters were free from apparent pathogen infection, uniform in shape and color. 

Samples were collected at two harvesting periods (Veraison) stag and (ripening) stag.. For analysis, 100 berries were collected every at random from each bunch 10 days after véraison . These berry samples were carried back to the laboratory. The skin, pulp and seeds were separated by hand immediately. The pulps of fresh grape were removed by hand, and the grape skins were cleaned with distilled water before drying. The skins were dried in on oven at 60C° for 24 hours then grounded to obtain meal. 
Pectin content:-
The pectin content was determined by the carbazole method (Dische 1947). We added 0.3 mL of the sample, 0.1 mL water, 40 mL 4 M sulfamic acid (pH 1.6), 2.4 mL sulfuric acid and 100 mL 0.1% w/v carbazole to a glass tube. After 22 min of boiling, absorbance (525 nm) was determined with an ATI Unicam UV-2 spectrophotometer (Ati-Unicam, Cambridge, UK).The pectin content was expressed as mg/mL of galacturonic acid (used as standard).

Quantitative determination of the anthocyanins:-
The total amount of anthocyanin was determined according to the Lees and Francis method (1972). The solvent used was ethanol 95% (85 ml) in water, acidified with 1.5 N hydrochloric acid (15 ml).  Ten grams (10 g) of grapes skin were weighed and homogenized for two minutes in a blender (Britânia, model L), with 100 mL of solvent. The solution was transferred to a 400 mL beaker, covered with parafilm and stored overnight at 4 °C. The mixture was then filtered under vacuum using filter paper and a Buchner funnel. From the filtrate solution obtained, 250 mL was taken and then 125 mL of solvent was added to complete the mixture. This mixture was later filtered and the residue washed with solvent until obtained a total of 450 mL solution. This extract was transferred to a 500 mL volumetric flask and completed to volume with solvent. A 2 mL aliquot was removed from this extract, placed in a 100 mL volumetric flask, the volume completed with solvent and the solution stored in the dark, for two hours at room temperature. Absorbance was read at 535 nm in a spectrophotometer.

The coefficient of molar absorption was 98.2. The technique consisted of reading the absorbance ((=535 nm) of the crude extract diluted in the extracting solvent in a spectrophotometer (Uniscience, model Genova). Equation 1 presents the simplified calculation for the quantification.

FD = VEO/VA x VS                                                               (1)                             

TA (mg.100 g–1) = A x FD / E 1%1cm

where: FD = dilution factor; VEO = volume of original crude extract; VA = volume of the aliquot used for dilution with the extracting solvent; VS = solvent volume used for dilution; TA = total anthocyanins (mg.100 g–1 of sample);

A = absorbance of the diluted extract at the wavelength of maximum absorption; and E 1%1cm = 98.2; coefficient of molar absorption for a mixture of purified anthocyanins.

Total polyphenols:-
The amount of total polyphenols in grape skins was determined using modified Folin-Ciocâlteu colorimetric method (Singleton et al., 1999). Grape skin extracts (25 μl each) were dissolved in methanol and further dilution were performed to obtain readings within the standard curve made with gallic acid (R = 0.997). The extracts were oxidized by Folin-Ciocâlteu reagent (120 μl) and after 5 min, 340 μl Na2CO3 were added for neutralization. The samples were kept 90 min in the dark followed by the reading of the absorbance at 750 nm. The results were expressed as milligram of gallic acid/100 g sample (mg GAE/ 100 g sample).

Determination of phenolic acids:-
The HPLC analysis of phenolic acids were carried out on a HPLC apparatus consisting of Merck-Hitachi L-7455 diode array detector (DAD) and pump L-7100 equipped with D-7000 HSM Multisolvent Delivery System. The separation was performed on a Li ChroCART® 125-3 Purospher® RP-18 (5 µm) Merck column. Column oven temperature was set to 30°C. 80% acetonitrile in 4.5% formic acid (reagent A) and 2.5% acetic acid (reagent B) were used as an eluent. The flow rate was 1 ml/min. The concentration of reagent A was stepwise increased to reach 15% after 7min, 20% after 15 min and 100% after 16 min. After 10 min of elution the concentration of reagent A was reduced to 0% to stabilize the column. During analysis the solvent were degassed in Merck degasser. Data logging were monitored at wavelength 280nm. Retention times and spectra were compared to those of pure standards (Goupy et al., 1999). 
Statistical Analysis:-
The data collected were analyzed with analysis of variance (ANOVA) Procedures using the MSTAT-C Statistical Software Package (MSTAT-C 1983). Differences between means were compared by LSD at 5% level of significant (Gomez and Gomez, 1984).
Results:-
The effect of veraison and ripening stages on pectin and anthocyanins content in grape skin:-

The pectin content in skin samples ranged from 3.21 g/ 100g to 4.90 g/ 100g, the highest value (4.90) being obtained for Beauty at veraison collected in 2013. During the grapes ripening the amount of pectin decreased from veraison to full maturity and after a slight decrease was registered. At verison, the skin of Beauty berries contained a quantity of extractable pectins larger than that of Muscat alex, but there was a reduction in the pectin level during the ripening and ripening+ CaCl2 suggesting that pectinolytic enzymes become more active during this process (Fig.1, Fig.2). Our results are in agreement with (Ortega-Regules et al., 2008). Compered values of pectin content of  berries treatment by CaCl2 and untreatment in ripening stage, treated berries had higher value of pectin content than untreated berries of  both cultivars on two seasons.
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             Fig 1: Pectin content of grapes skin varieties during véraison and ripening stages (2013).
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             Fig 2: Pectin content of grapes skin varieties during véraison and ripening stages (2014).
The anthocyanin contents determined in grape skin samples varieties during veraison and ripening stages on two seasons (2013 and 2014) were similarly influenced by seasonal differences as shown in Fig. 3, Fig. 4.  It was obviously that Beauty cultivar was higher than Muscat alex in anthocyanin content. The total anthocyanin concentrations varied from 41.63 to 373.71 mg.100g-1 of sample, with the use of CaCl2 the content of anthocyanin was the highest than the other samples. Beginning with véraison, anthocyanins accumulate in the grape berry, and correlates with sugar accumulation (Gonzáles-San et al., 1991).

Anthocyanin concentrations reach a maximum at full maturity, but are broken down if the grapes become overripe (Ribéreau-Gayon et al., 2000). The variation in the results can be explained by the use of different cultivars and/or by factors such as the mixture of cultivars, crop time, maturation state or stage, climate and the soil in the producing areas (Malacrida and Motta, 2005; Tripoli et al., 2007). Mazza et al., (1999) determined the anthocyanins contents of grapes varieties Cabernet Sauvignon, Arkansas and Merlot with values ranged from 0.38 to 21 mg/g in grape skins extracted by different extraction procedures with acidified or neutral solvents. 
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         Fig 3: Anthocyanin content of grapes skin varieties during véraison and ripening stages (2013).
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        Fig 4: Anthocyanin content of grapes skin varieties during véraison and ripening stages (2014).
The effect of véraison and ripening stages on polyphenolic compounds and phenolic acids in grape skin:-
The phenolic composition is an important quality parameter of red grape. Apart from the genetic background, the véraison and ripening stage and water status are able to impact the level of polyphenols (Draghici et al., 2011).Total phenols in the grape skin were expressed as mg gallic acid equivalent (GAE) per 100g of dry matter mg GAE/100g DM). The total phenol content (Fig. 5, 6) ranged from 4331.04 to 7156.84 mg GAE/g for Beauty seedless variety and from 5146.76 to 6832.33 mg GAE/g for Muscat Alex seeds variety seasons 2013 and 2014. Our results showed that the concentrations of total phenols increased in the grape skin during grape ripening. An increase in total phenol content during grape ripening has also been reported by Delgado (2004) and Canals et al., (2005)
In the two grape varieties under study the total phenolic content was quite variable (Fig. 5, 6). Total phenolics in skin extracts at ripening+CaCl2 were lower than extracts at ripening for seasons 2013 and 2014. The results in Fig. 5, 6 show a significant (P<0.05), different polyphenol contents in the grape skins of the Beauty and Muscat Alex varieties. . When the CaCl2 6% was applied the TPC values were 6163.89, 6912.56; 5728.13, 5953.93 mg GAE/100g dry weight for Beauty, Muscat Alex seasons 2013 and 2014, respectively. Among the grape skin samples the beauty cultivar at ripening 2014 revealed the highest TPC as 7156.84 mg GAE/100g dry weight while the lowest value was found for Beauty at véraison 4331.04 mg GAE/100g dry weight.
Butkhup et al., 2010 reported that the total phenolic content in the skin grape extract of the red grape cultivar Shiraz was 75.20 g gallic acid equivalent /100 g db. The phenolic composition of grapes depends on multiple factors, including climate, degree of ripeness, berry size and grapevine variety. Our results having a similar level of phenolic compounds in skin like Lacopini et al., (2008) who determined the total phenolic in the extracts obtained from skin of 10 native Tuscan and international Vitis vinifera varieties and they reported that total phenolic content ranged from 3770±275 to 5304±482 mg GAE/100 g of skin DM.
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Fig 5: Total phenolics content of grapes skin varieties during véraison and ripening stages (2013).
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         Fig 6: Total phenolic content of grapes skin varieties during véraison and ripening stages (2014).
The HPLC analysis of phenolic acids compounds in red grape skin extracts contains chlorogenic acid, caffeic acid, caffeine, ellagic acid, gallic acid, ferulic acid, ρ- hydroxybenzoic acid, cinnamic acid, p- coumaric acid, salycilic acid, catechol, catechin, protocatechuic acid and vanillic acid. The concentration of each of these compounds varies between two varieties under study (Table 1).
In the group of phenolic acids (Table 1),the highest amounts were exhibited in the case of salicylic acid, caffeine, chlorogenic acid, gallic acid, pyrogallol, ferulic acid with trace amounts of cinnamic and ρ-coumaric acid at veraison. The data in (Table 1) showed that there are a lot of changes in phenolic acid amounts in ripening stage with or without CaCl2. For example ferulic acid content was ranged from (572.88 to 997.77) at veraison, while at ripening+ CaCl2 it ranged from (271.91 to 451.37) µg/100 g dry weights for Beauty, Muscat Alex seasons (2013 and 2014) respectively . Also the cinnamic acid content was ranged from (347.85 to 452.16) at veraison, while at ripening+ CaCl2 it ranged from (1172.15 to 1349.89) µg/100 g dry weights for Beauty, Muscat Alex seasons (2013 and 2014) respectively .

Intermediate amounts of p-hydroxybenzoic acid (117.56 – 702.36) and chlorogenic acid (427.08 – 892.56 µg/100 g dry weights), were identified in all groups of grapes skin samples. The content of catechin was the lowest of the identified phenolic acids in all samples extracts (76.63 – 286.04 µg/100 g dry weights µg/100) as shown in Table 1.

 From the results we can noticed that there are major quantitative differences all phenolic acids determined some increased and the others decreased. The rationale behind HPLC analysis was to quantitatively determine total phenolic acids, both free and bound, as it is well documented that phenolic acids can occur in multiple conjugated forms with sugars, acids and other phenolic compounds. In addition, phenolic compounds can also exist as complexes with other macromolecules such as proteins and cellular components (Robbins, 2003).
Table(1):Phenolic acids fractionation of grapes skin varieties during véraison and ripening stages (μg acid/ 100gm dry weight).
	Phenolic acid
	Beauty
	Muscat Alex

	
	Véraison 
	Ripening
	Ripening + CaCl2
	Véraison
	Ripening
	Ripening + CaCl2

	
	2013
	2014
	2013
	2014
	2013
	2014
	2013
	2014
	2013
	2014
	2013
	2014

	Pyrogallol
	590.50
	550.04
	569.50
	339.28
	370.12 
	275.94
	508.08
	456.88
	461.13
	362.84
	594.19.
	467.09

	Gallic
	455.43
	588.59
	422.84
	555.71
	383.91
	489.79
	520.86
	666.52
	415.47
	518.42
	455.94
	525.83

	Protocatechuic
	324.95
	386.65
	262.44
	308.59
	166.61
	292.31
	893.07
	918.13
	384.24
	228.27
	329.09
	236.44

	Catechin
	131.12
	253.93
	76.63
	247.05
	102.61
	206.57
	240.52
	253.36
	232.11
	149.31
	286.04
	176.81

	Catechol
	444.50
	499.06
	301.02
	445.98
	220.16
	  441.75
	438.96
	617.19
	395.78
	434.86
	265.25
	375.54

	Chlorogenic
	775.08
	783.38
	477.66
	553.43
	427.08
	483.38
	441.50
	567.46
	535.77
	809.15
	892.56
	567.46

	ρ- Hydroxybenzoic 
	504.66
	702.36
	248.31
	382.95
	288.51
	329.60
	466.35
	353.93
	375.56
	186.89
	322.92
	117.56

	Caffeic
	433.58
	354.35
	503.86
	512.88
	664.87
	468.81
	693.55
	584.64
	549.76
	664.27
	482.94
	179.34

	Vanillic
	510.99
	867.22
	477.34
	779.25
	334.35
	566.31
	688.95
	1042.22
	510.11
	821.11
	392.06
	788.15

	Caffeine
	840.20
	701.30
	958.47
	849.59
	603.29
	678.98
	436.58
	451.13
	718.95
	790.25
	842.69
	729.08

	Ferulic
	572.88
	742.16
	472.98
	695.28
	271.91
	532.03
	796.83
	997.77
	665.22
	640.60
	451.37
	442.76

	Salycilic
	917.65
	1005.82
	356.48
	581.35
	383.81
	642.61
	762.96
	1242.30
	422.40
	544.18
	213.56
	374.78

	Ellagic
	160.67
	102.08
	637.08
	447.79
	312.73
	349.38
	419.40
	368.39
	210.14
	275.70
	704.40
	756.87

	Cinnamic
	347.85
	396.28
	772.05
	671.01
	1349.89
	1226.02
	394.71
	452.16
	635.79
	551.71
	1172.15
	1204.27

	ρ- Coumaric
	119.82
	183.83
	609.52
	633.28
	502.37
	663.90
	160.21
	299.29
	386.33
	471.80
	671.78
	930.41


DISCUSSION
Pectin:-

The decrease in insoluble pectin is associated with the increase in soluble pectin. As ripening occurs, once pectin are released from their links with cellulose, they can desmethylate naturally, especially through the action of pectinolitic enzymes. This allows them to participate in cross linking reactions through Ca++, resulting in an increase in fruit firmness (Fennema, 1993; Wong, 1997).
The fruit softening that occurs during development and ripening is primarily due to changes in the cell wall carbohydrate metabolism and to the action of cell wall hydrolases. Pectin-degrading enzymes have received most attention as potential causal agents in the softening of ripening fruit (Serrano et al., 2002).The softening process is complicated by the fact that break-down or modifications of different components are usually accompanied by the incorporation of newly synthesized components into the wall (Gibeaut and Carpita, 1994; Sey-mour and Gross, 1996).
A study of the changes in pectic substances was carried out during fruit growth. Special attention was paid to low methoxyl pectins, because of the high percentage of this type of pectin in blueberries and because of the importance of their interaction with calcium ions as well as their effect on texture. (Rosemarie St ¨uckrath et al., 2008).
The two chemical changes in cell wall composition, which have been re-ported for nearly every ripening fruit examined, are an increase in soluble pectin and a net loss of the noncellulosic neutral sugars galactose and arabinose. Modification of cell wall pectin involves two processes: solubilization and depolymerization. Enzymes that attack the neutral polymer side-chains could destabilize the pectin polysaccharide matrix and contribute to fruit softening (Harker et al., 1997).
The synthesis of cell wall polymers is probably continuous throughout ripening, and a change in the turnover rate of a particular component will affect the overall wall composition (Lackey et al., 1980). 
Pectin substances are cementing agents present in the cell wall. Chemically, they are complex polysaccharides made of galacturonic acid molecules linked together. During ripening, pectin is hydrolyzed by naturally occurring pectolytic enzymes, which renders the berry softer as it ripens (M, Dharmadhikari, 1994). 
Ca:-
Fruit tissue softening is associated with many factors, one of them is calcium content of the fruits (Luna-Guzman and Barret, 2000; Aguayo et al., 2007). The role of Ca in developing the resistant of fruit tissue to softening is attributed to the stabilization of membrane systems and the formation of Ca-pectates, which increases rigidity of the middle lamella.Ca also makes the tissue become more resistant to cell wall degradation enzymes such as polygalacturonase(PG)and pectin methylesterase (PME) (Siti Hajar et al., 2010; Manganaris et al., 2005). Positive relationships between fruit Ca and firmness retention were observed in the existence of many type of fruits (Saftner et al., 2003; Omaima and Karima, 2007). Loss of calcium from cell wall and middle lamella of fruit occurs during the maturing process (Cutting et al., 1992) and causes fruit softening (Stow, 1993), while increasing fruit Ca content through Ca application which reduces Ca loss. Thus, it increases the fruit firmness (Gerasopoulos et al., 1996; Singh et al., 2007), possibly by several mechanisms including an increase in Ca-pectin bond in middle lamella (Grant et al., 1973), a reducing fruit respiration (Eaks, 1985) and maintenance of cell turgor potentials (Mignani et al., 1995).
Calcium in the cell wall has a role in fruit texture (Quileset al., 2007) but Ca content in the fruit could have  reduced through the maturing process and resulting in the lack of Ca at the end of fruit maturity period. Deficiency of Ca would increase cell membrane permeability thus permits ions to escape and lead to the breakdown of intercellular compartmentalization, as well as the escapes of enzymes, such as polygalacturonase and pectin methylesterase which accelerates fruit ripening and softening processes (Deytieux-Belleau et al., 2008).

Increased Ca content in fruit and specifically in fruit peel following pre-harvest CaCl2  application recorded here is in agreement with the results of studies reported by Dris (1998) for apples, Elmer et al. (2007) for peaches and Singh et al. (2007) for strawberry. As fruit is an organ with high metabolic rate and dependent on continuous supply of Ca, it is highly demanded during fruit development and rapid fruit growth causes a dilution of Ca in fruit tissues (Saure, 2005). Fruit Ca spray creates a concentration gradient of calcium between exogenous and endogenous portion of fruit, resulted in passive uptake of Ca into fruit (Alcaraz et al., 2003).In its early development, Ca is evenly distributed but when the fruit is becoming more mature, Ca will be transported to peel of fruit (Dris, 1998), making the concentration of Ca in peel higher than that in the flesh. Calcium may also act by reducing the activity of cell wall-degrading enzymes (Gerasopoulos and Richardson, 1999). (Evangelista et al., 2000) The fruits submitted to the treatment with calcium chloride at 5.0% presented firmer texture and less activity of the enzymes polygalacturonase andβ-galactosidase.Calcium has a well-established role in strengthening the cell wall. The influence of calcium on diverse physiological and biochemical changes during fruit softening has been reviewed by Poovaiah et al. (1988). They have reported the benefit of direct calcium applications in reducing the incidence of physiological disorders. Whereas others indicate Ca accumulation stops after veraison (Cabanne and Doneche, 2001; Cabanne and Doneche, 2003; Chardonnet, 1994; Possner and Kliewer, 1985). Therefore, plant Ca requirements must be continually obtained from external sources such as foliar sprays.
Calcium sprays significantly increased Ca accumulation in the berry, but the rates of increase were not proportional to the rates of Ca application. The Ca accumulation in the plant tissues (skin, flesh, rachis) changed during the growing season. The highest rates occurred during 60 to 75 days after anthesis, however, they rose as the level of CaCl2 application increased. In plants, Ca is primarily transported through the xylem system. At veraison, a rupture of the xylem vessels occurs in the pericarp, and this is probably responsible for the halt of Ca accumulation in this compartment.The balance of Ca supply between flesh and whole berry is then shifted entirely toward the skin (Dorino et al., 1987). (Amiri et al.,2009) The accumulation of Ca in the skin thus continues through ripening. It is possible that part of the Ca accumulating in the skin during ripening is translocated from the pericarp to the skin. Calcium was accumulated in the flesh until veraison and then gradually decreased until it reaches a plateau around maturity .It can be inferred that while Ca accumulation ceases at the onset of ripening in the pericarp, it persists in the skin (Cabanne and Donbche, 2001; Cabanne and Doneche, 2003; Chardonnet, 1994). However, Ca accumulation in the skin was slightly lower than the entire Ca loss in the flesh . Calcium accumulation in the berries does not always cease after veraison (Ollat and Gaudillère, 1996; Rogiers et al., 2000), and water movement from vine to a berry with its pedicel girdled (i.e., phloem interrupted) still occurs (Rogiers et al., 2001) Calcium movement occurs mainly in xylem (Mengel and Kirkby, 1987). In grape berries, the xylem seems to be a major route of Ca entry. Rates of berry transpiration also increase during berry growth and development while berry Ca increases. The increase in berry transpiration is probably due to the increase in temperature and stomatal opening frequency (Blanke and Leyhe, 1987). Calcium is phloem immobile and is translocated only in xylem (Hanger, 1979). 
Anthocyanin:-
Anthocyanins are pigments and they are responsible for the red and purple color of the grapes. They exist in both colored and colorless forms.Anthocyanins are an important quality parameter of grape berries, due to their importance in the colour of grape juices. As pigments they are almost exclusively responsible for the red, blue and purple colours in berries.
Anthocyanins are a family of phenolics that are directly responsible for colour in grapes and may react with flavanols to produce more stable pigments, either directly or by means of different aldehydes (e.g. acetaldehyde, propionaldehyde) (Pisarra  et al.,  2003). Anthocyanins are the second important group of phenolic compounds, which is co-located with tannins in the thick-walled hypodermal cells of the skin. The main anthocyanidins found in grape of Vitis viniferaL. are cya-nidin, delphinidin, peonidin, petunidin and malvidin, but their contents differ according to variety,ecological con-ditions and viticultural practices. (Adams, 2006; Downey et al., 2006; Kennedy et al., 2006).
Anthocyanin accumulation in the vacuoles of the skin begins in véraison and reaches maximum concentration around harvest time (Kennedy et al., 2002; Canals et al., 2005).
Phenolic compounds:-
Phenolic compounds include tannins and flavonols, as well as anthocyanins, the  pigments responsible for berry color. These compounds are synthesized in the berry and concentrated in the berry skin, and in seeds when present. The fruit of colored grape varieties contain much greater concentrations of phenolic compounds than white grapes, since the latter contain no anthocyanins. Phenolics are important constituents of the grape berry because they play a key role in determining fruit color and astringency. The oxidation of caftaric acid, the major phenolic compound in grape pulp and juice, is believed responsible for the formation of the characteristic brown pigment of naturally sundried raisins. The contributions of phenolic compounds to the nutritive value of grape products, and their potential health benefits as antioxidants, are currently active areas of investigation.( Coombe,1976).

Grape (Vitis viniferaL.) is an excellent source of phenolics, particulary in the skin, and the seeds. Zoecklein et al., (1990) reported the distribution of total phenolic compounds (expressed by gallic acid equivalent (GAE)/mg/kg ber ries) in the red grape. 
From the results we can notice that there are major quantitative differences in all phenolic acids determined some increased and the others decreased. The rationale behind HPLC analysis was to quantitatively determine total phenolic acids, both free and bound, as it is well documented that phenolic acids can occur in multiple conjugated forms with sugars, acids and other phenolic compounds. In addition, phenolic compounds can also exist as complexes with other macromolecules such as proteins and cellular components (Robbins, 2003).
The results show that, after véraison, there are physiological changes in the berries. The concentrations of total phenols increased in the grape skin during grape ripening, and then decreased slightly from the 40th day after véraison .An increase in total phenol content during grape ripening has also been reported by Delgado (2004), O-Marques et al. (2005).
Phenolic acids include derivatives of benzoic and cinnamic acid (Benbrook, 2005). The most common benzoic acid derivatives are p -hydroxybenzoic, vanillic, syringic and gallic acid, while common cinnamic acid derivatives include p- coumaric, caffeic, ferulic and sinapic acid. The derivatives differ in the degree of hydroxylation and methoxylation of the aromatic ring. Phenolic acids include the products of benzoic and cinnamic acid, such as p-hydroxybenzoic, vanillic, syringic, gallic acid, and p-coumaric, caffeic, ferulic, and sinapic acid, respectively (Mattila et al., 2006).
In grape berries, the phenolic compounds reside mainly in the skins and seeds (Rodriguez  et al., 2006;Poudel  et al.,  2008)
Butkhup et al. (2010) reported the presence of gallic acid in grape skins (0.164 mg/g DW), caffeic acid (0.0158 mg/g DW), ellagic acid and ferulic acid. Anastasiadi et al. (2010) found that gallic and caffeoyltartaric acids were the only detected phenolic acids in the grape skins from four native Greek Vitis vinfera cultivars. 
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