Chapter 2
Effect of hexanal, calcium chloride and salicylic acid on fruit quality and storage life of flame seedless grapes
Effect of salicylic acid on fruit quality and storage life of flame seedless grapes
Physiological loss in weight (%)
Pre-harvest foliar application of SA on grapes cv. Flame seedless recorded lower percentage of weight loss, in comparison with control during cold storage of 30 days in both seasons 2009 @ 2010 (Al-Obeed 2011). Marzouk and Kassem (2011) also reported that Thompson Seedless grapes treated with SA recorded lower weight loss (5.3 & 5.6%), as compared to control (7.9 & 6.9%) during 2009 and 2010 respectively.  Salicylic acid has been reported to decline the weight loss percentage in apple fruits. The maximum weight loss was recorded in control fruits, while minimum weight loss was recorded in 3 mM salicylic acid (Kazemi et al 2011). Kazemi et al (2011) reported that kiwifruits dipped in salicylic acid + calcium solution at different concentrations prevented weight loss on the contrary of non-treated fruits. Maximum weight loss was recorded in control fruits, while lowest loss occurred in 4 mM salicylic acid + 4 % Ca. Similar results are reported by Shafiee et al (2010) for strawberry, Tareen et al (2012) for peach and Kent et al (2013) in Tomato. Salicylic acid is thought to prevent normal respiration rate, thus leading to lower weight loss (Shafiee et al, 2010). Furthermore, SA can decrease respiration through inhibition of ethylene biosynthesis or action (Srivastava and Dwivedi 2000). SA is also known to decrease the respiration rate and weight loss by closing stomata.
Palatability rating
It is one of most important parameter from consumer’s prospective, which includes nutritive as well as visual and organoleptic criteria (Salveit 1999). Kiwifruit cv. Hayward dipped in SA solution for 5 and 7.5 minutes scored higher ratings (Hedonic scale, 9 = like extremely; 1 = dislike extremely) for skin and flesh appearance than control fruits (Fattahi et al, 2010). The flavor, aroma and sweetness blend of treated fruits ranged from 8 to 8.2 and as compared to control fruits, which ranged from 2 to 4.6. Lolaei (2013) reported that pre and post-harvest application of SA exhibited higher palatability rating of strawberry during storage. Champa et al (2015) revealed that SA treatments significantly suppressed decline in sensory quality of grapes during prolonged cold storage (3–4 °C, 90–95 % RH), as compared to control. Lo’ay (2017) recorded higher sensory score for Superior seedless grape clusters treated with salicylic acid as compared to non-treated fruits during storage.
Berry shattering
Salicylic acid has been proved to have inhibitory effects on both ethylene production and its action in harvested fruit (Srivastava and Dwivedi 2000; Zhang et al 2003).  Deng et al (2006) revealed that ethylene accompanied by falling auxin levels stimulates berry drop. Accordingly, SA by interfering with biosynthesis and/or action of ethylene could restrict berry shatter. Additionally, some evidence has shown that the low incidence of shattering observed in SA-treated berries is due to the antifungal effects of SA (Xu et al 2007, Zoffoli et al 2009). Ranjbaran (2011) reported that postharvest application of 4mM SA on grape cv. Bidaneh Ghermez significantly decreased the percentage berry shattering as compared to untreated clusters during storage of 45 days. Pre-harvest foliar spray of SA showed a significant increase in visual appearance of grapes cv. Flame seedless as compared to control during both seasons of 2009 & 2010 (Al-Obeed 2011). Loay (2017) reported that foliar spray of SA @ 1 & 2 mM significantly declined berry shattering percentage (6.58 & 4.8 % respectively) in superior seedless grapes, while higher berry shattering (11.6%) was recorded in control fruits. Similar results have been reported by Kassem et al (2011) for Chinese jujube, Ramezanian and Rahemi (2010) for pomegranate and Babalar et al (2007) for strawberry.
Cluster Rachis Freshness (0-2) 
Rachis freshness is one of the most important factors from a consumer’s perspective. The major concern regarding quality loss and marketability of table grapes is rachis and berry browning. Tissue browning can be related to phenolic-related enzymes polyphenol oxidase (PPO), peroxidase (POD), and phenylalanine ammonialyase (PAL) activities. Peng and Jiang (2006) indicated that SA treatment inhibits the activity of the above-mentioned enzymes and consequently stops browning in fresh-cut Chinese water chestnut. Cai et al. (2006) demonstrated that acetylsalicylic acid (a derivative of salicylic acid) reduced PAL and G-POD activities, and postharvest tissue browning of loquat fruit stored at 0◦C. Ranjbaran et al (2011) revealed that grape berries treated in 4 mM SA had a better visual appearance than the control after both cold storage (45 days at 0 ± 0.5◦C) and the shelf-life period (2 days at 20◦C). SA at the concentrations of 1.5 and 2.0mM effectively repressed rachis browning in Flame seedless grapes up to 60 days of storage on the contrary to control in which noticeable browning of pedicels and secondary rachises were observed (Champa et al 2015). 
Anthocyanin content
Grape berry skin compounds and color are important parameters in the quality determination of grapes. Anthocyanins give rise to the red and purple coloration to certain grape cultivars and are thus important quality factors in table grapes. The predominate anthocyanins in grape berry skin are 3-O-glucosides of malvidin, cyanidin, delphinidin, peonidin and petunidin (Wrolsad, 2000). The malvidin derivatives are most abundant anthocyanins in vinifera grapes with higher proportion of cynadin in red grapes. Anthocyanins consist of antioxidant properties, which is highly beneficial for medicinal purpose (Carreño et al. 1997). Ranjbaran et al (2011) studied the effect of postharvest application of salicylic acid on total anthocyanin content (TAC) of table grapes stored at 00C. The total anthocyanin content declined gradually with increasing storage period of 30 days and then increased by the end of storage i.e. 45 days + 2 days at 20OC, but had no significant effect on total anthocyanin content. Abdel-Salam (2016) reported that postharvest application of salicylic acid @ 4mM/l to Ruby seedless grapes exhibited maximum anthocyanin content (0.7457 & 0.743), on the contrary of control (0.6827 & 0.6803) for 30 days storage of two seasons (2014 & 2015 respectively). Total anthocyanin content of Flame seedless grape berries treated with SA showed an increasing trend up to 45 days of storage period and then gradually decreased (HarindraChampa et al., 2014).
Total soluble solids (Brix)
Grape berries treated with 1mM SA along with aloe-vera gel had highest total soluble content (Asghari et al 2003). Yildirm and dursun (2009) observed inclined TSS with SA treatments, while it had no effect on pH and TA of tomato. Pre and postharvest treatments of Cacl2 and SA did not change fruit total soluble solids in strawberry. Salicylic acid applied @ 1 mM to pomegranate fruits significantly inclined the TSS compared to control fruits (Mirdehghan and Ghotbi 2014). Champa et al (2015) studied that SA @ 1.5 & 2.0 mM effectively retarded the degradation of TSS in Flame seedless grapes for 75 days cold storage, on the contrary to control in which dramatic reduction of TSS was detected after 45 DOS.
Titratable acidity (%)
Higher levels of titratable acidity were recorded in Flame seedless grapes treated with Salicylic acid. Postharvest application of salicylic acid on table grapes (V. vinifera L.) cv. Flame seedless showed lower rate of reduction in TA on the contrary to control, at the end of 75 days cold storage (Champa et al (2015)

 
Effect of calcium chloride on fruit quality and storage life of flame seedless grapes
Physiological loss in weight (%)
Wasker et al (1994) reported that grapes cv. Thompson Seedless treated with 0.6 percent calcium chloride had lowest physiological weight loss. Antunes et al (2003) studied that dipping of apricot fruits in concentrations up to 1% CaCl2 can improve storage ability but CaCl2 treatments with concentrations ≥ 3% are prejudicial for apricots. Qurashi and Awadi (2013) reported that post-harvest dip treatment of calcium chloride (2 %) proved to be the most effective treatment to reduce the physiological weight loss during storage. Sajid et al. (2014) studied that calcium chloride proved to be most effective in reducing weight loss in pear fruit as compared to non-treated fruit. The weight loss reduction in fruits treated with CaCl2 dip may be due to delay of natural physiological processes like respiration, ripening process, onset of the climacteric and senescence (Hussain et al 2012). Abdel Gayed (2017) recorded slow increase in PLW of calcium chloride-treated peach fruits as compared to other treatments, which might be due to the maintenance of fruit firmness and tissue rigidity by decreasing the enzyme activity responsible for disintegration of cellular structure, which decreases the gaseous exchange (Levy; Poovaiah, 1979). Imlak et al (2017) studied the effect of on post-harvest application of Calcium Chloride and modified atmospheric storage on quality and shelf Life of thompson seedless table grapes and found that Cacl2 @ 2% was highly effective to reduce weight loss during entire storage period. Pisutpiboonwong and Khurnpoo (2017) showed that mulberry fruit sprayed with CaCl2 @ 2% had lower percentage of weight loss (0.28%), when compared to non-sprayed fruit (1.61%). Strawberry fruits treated with calcium chloride @ 1% recorded lower weight loss (0.123%) as compared to fruits treated with 2% (0.17%) and 3% (0.5%) at the end of storage interval (Mahfuzah et al, 2013). Bagheri et al (2015) studied the postharvest calcium chloride treatment on the storage life and quality of persimmon fruits (Diospyros kaki Thunb.) cv. ‘Karaj’and found that CaCl2 treatments significantly decreased the fruit weight loss and chilling injury as compared to control. Calcium seems to serve as an intermolecular binding agent that stabilizes protein-pectin complexes of middle lamella (Dey, 1984), thus plays a role in holding cell wall structure by interacting with pectic acid in the cell wall to form calcium pectate. High calcium uptake in fruits has been shown to reduce respiration rates and ethylene production, to delay ripening, increase firmness, and reduce the incidence of physiological disorders and decay, all of which result in increased postharvest shelf life (Kader and Rolle, 2004). CaCl2 declined the percentage of weight loss during storage of sapotas (Choudhury et al, 2003), nectarines (Serrano et al, 2004), apples and peaches (Hafez and Haggag, 2007; Mahmoud, 2008).
Platability rating
[bookmark: _GoBack]Dipping of strawberry fruits in 1% CaCl2 solution did not affect the sensorial quality of fruits but had significant effect to maintain the firmness of fruits (García et al,1996). Fruit quality is one of the most important factors from a consumer’s perspective, which includes nutritive as well as visual and organoleptic criteria (Salveit et al 1999). Siddiqui and Gupta (1989) observed that Kaithali cultivar of ber sprayed with calcium nitrate at 10.3 g/l scored higher organoleptic rating than control during storage. Kumar et al (1990) found higher organoleptic score in grapes cv. Delight when treated with calcium nitrate (1.0%) as pre-harvest application. Jagadeesh (1994) observed that post-harvest treatment of calcium chloride in guava cv. Sardar (L-49) found to be organoleptically acceptable even on 9th day of storage. Gore (2005) found higher organoleptic score in fig cv. Dinkar and Poona fig when treated with calcium chloride (1.0%) as pre-harvest spray. Hernandez Munoz et al (2006) found that strawberry fruits treated with calcium solution maintained the higher palatability rating by delaying loss of firmness. Calcium improve the rigidity of cell wall, retard tissue softening and also reduces the accessibility of cell wall degrading enzymes to their substrates (Vicente et al, 2009). Kaur (2012) studied the effect of pre-harvest application of nutrients and growth regulators on storage life and quality of peach fruits cv. shan-i-punjab and observed the maximum palatability rating in 2.0 percent calcium chloride treated fruits. Bhat et al (2012) reported that the fruits with (0.75%) calcium chloride recorded significantly higher organoleptic rating than untreated pear cv. Bartlett.
Anthocyanin content
Anthocyanins give rise to the red and purple colouration of certain grape cultivars and are thus important quality factors in table grapes and wine.
TSS
García et al (1996) found that dipping the fruits in 1% CaCl2 solution was the most effective treatment for increasing the calcium content of the fruits, maintaining their firmness and soluble solids content. Bhat et al (2012) revealed that the pear cv. Bartlett fruits treated with calcium chloride recorded higher TSS and fruits harvested 110 and 115 DAFB and treated with calcium chloride at 0.5 and 0.1 percent retained all physico-chemical characteristics in 
Hafez et al (2010) found that calcium along with combination of antioxidants decreased the weight loss, total acidity and fruit softening while increased TSS contents of Le-conte pear.
Titratable Acidity (%)
Consumer acceptance of grapes generally relies on the peculiar taste of organic acids present in the berries that are responsible for its titratable acidity (TA). The major organic acid present in table grapes is tartaric acid that declined with progression of storage period. The gradual decrease in acid level is physiologically attributed towards increase in membrane permeability of the fruit, which allow the acids to respire in cell vacuoles, thus resulting in transformation of acids into sugars (Yousefi et al, 2015). 
Kaundal et al (2000) recorded highest titratable acidity in plum fruits, when treated with calcium chloride @ 6 % as post-harvest dip treatment. Mahajan and Sharma (2000) opined that the acidity followed a declined trend throughout the storage period in peach cv. Shan-e Punjab when sprayed with calcium chloride 1 % as pre-harvest spray.
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