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Chapter — 1
INTRODUCTION

Apple Malus domesticd8orkh.) is one of the most important tree fruit of
the world belongs to the family Rosaceae and sobifaPomoidae. The apple
was cultivated in Greece around 600 BC or ealianet al, 2011). Apple is a
typical temperate tree fruit with more than 80 pent of the world’s supply being
produced in Europe. The major apple producing aasitof Europe are lItaly,
France and Germany. Other countries which have &atable production of
apple include USSR, China, India, Iran, Turkey aaderal other countries. Total
apple production in the world is approximately #nflion tonnes (Anonymous,
2011).

From nutritional point of view its importance inilyadiet is evident from
an old saying “an apple a day keeps the doctor ‘aviaseduces the incidence of
dental caries, helps to control the obesity andokep extra energy for heavy
exercise. It is highly nutritive fruit which is ah source of sugars (11%), fat
(0.4%), proteins (0.3%), carbohydrate (14.9%), mites and minerals. A 100 g
fresh apple contains 0.8 g fibre, 0.3 g ash, 8 6®/3d vitamin C, 3 mg/100 g
sodium, 145 mg/100 g potassium, 7 mg/100 g calciimmg/100 g magnesium,
4804 1g/100 g iron, 12 mg phosphorus and 2 pg éo¢htussain, 2001).

In India commercial cultivation of apple is largegnfined to the state of
Jammu and Kashmir, Himachal Pradesh and Uttrakidmch together accounts
for about 2.5 per cent of world production. In tBaate of Jammu and Kashmir
apple constitutes bulk of fruit crops and occumbsut 2.05 lakh ha. The state
produces 77 per cent of the total production incinentry with the productivity of
10-12 t h& (Anonymous, 2011).

Among the various varieties of apple grown in tladley “Red Delicious”
occupies major area under cultivation and is cared as an excellent

commercial variety because of its overall qualigyour and juice content.
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Harvesting time is an important determinant forrage life. Fruits
harvested at advanced maturity are more prone thamécal injury, have short
storage life and greater susceptibility to pathegand physiological disorders
(Juanet al, 1999). In addition, careless harvesting charasgdrby immature and
over mature fruit, is another serious cause of haosest losses (Inglet al,
2000). Being a climacteric fruit, apple can be leated at physiological maturity
(Rothet al, 2005), stored to catch good price in the mar®ayinet al, 2010). In
general, apple fruit harvested at immature stage paor colour and flavour and
more susceptible to physiological disorders suchitsr pit and superficial scale
(Kader and Mitchell, 1989; Kviklienet al.2008). By contrast fruit harvested over
mature tend to be soft and easily damaged duristhpovest operations (Ingét
al., 2000). Such fruits are more susceptible to desasd physiological disorders
as well as quality deterioration during or afterage (Inglest al, 2000; Hribaret
al., 1996).

Pre-cooling by removing field heat from freshly vested fruits reduces
microbial activity and respiration rates. Furtherejahe respiratory activity and
senescence of fruit as well as ethylene productrertemperature dependent. Due
to the pre-cooling treatments, metabolic activitg @onsequently respiration rate
and ethylene production of the fruits is reducedsterably. This also decreases
the ripening rate, diminishes water loss and dettays helps preserving quality

and prolongs shelf-life of the fruit (Ferreetal, 1994).

Several physiological disorders and diseases aedppit during storage
are related to the calcium content of fruit (HudE981; Shear, 1975). Calcium
deficiency results in economic losses in fruit (Blysand Digby, 1975; Wilkinson
and Fidler, 1973). It helps in regulation of metgbhu in apple fruit, and adequate
concentration maintain fruit flesh firmness and imize the incidence of
physiological disorders like water core, bitter @hd internal breakdown
(Bangerthet al, 1972; Faust and Shear, 1968). The increase aiuoalgenerally

delays the ripening of the fruit and maintains thguiality during prolonged
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storage. The application of calcium also reducesiticidence of storage decay
(Conway, 1982; Sharples and Johnson, 1977).

Coating apples prior to storage seems an excdltefior “Red Delicious”
because it imparts high gloss, hides bruises andsfaa modified atmosphere
condition that tend to preserve firmness and pilshelf-life The inhibition of
biochemical processes, which cause the aging desgmd shortening of their
storage, may be achieved with the help of natumdl atificially made chemical
substances, which are used for after harvest tegdtrior fruits (Alleyne and
Hagenmaier, 2000; Bait al, 2002).

Apple fruits are kept in cold storage after hartegpreserve their quality,
low temperature plays main role in slowing the dégtion of apple fruit quality
during storage. Apples like other climacteric fsudisplay abrupt increase in
ethylene production during ripening that lead t@rae in texture, fruit flesh
firmness, colour etc. Endogenous ethylene playsrk&yin apple softening and
rapid fruit softening is associated with a rapgkrin ethylene production (Nilsson
and Gustarsson, 2007). The low storage temperattfegs the prospect of
preventing or delaying softening and improving theture and quality of fruit

available to consumers (Golias and Letal, 1995).

The data available with national Horticulture BogdMHB) indicate that
30 percent of fruits produced are lost due to misagament and in case of apple

the loss percentage is 10-25 per cent from totadysetion (Annonymous, 2007).

Moreover due to inappropriate postharvest manageprewtices, lack of
proper scientific storage and transportation faesi in the state of J&K, post
harvest losses of 20-40 per cent results duringessing, handling, packaging,

transportation, marketing and storage (Gledral.,2003).

Under agro-climatic conditions of Kashmir valleyetlapple fruits var.
“Red Delicious” matures in "3 week of October. The fruits are manually

harvested, packed in wooden boxes and without asghprvest treatment are
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send to market outside the state. There is a mcdmagtween fruit supply and
demand in the markets which leads to lower prictheffruit and the consequent
less income to growers. Further on account of @sgjve ripening changes the
fruit loses its acceptable quality parameters iry whort time during blockage of

the national highway due to which huge losses occur

In Kashmir valley less awareness is available amoémg growers
regarding the exact harvesting time, pre-coolingstiparvest treatments and
storage conditions for enhancing the shelf lifeapple especially that of “Red
Delicious” cultivar. Therefore, keeping in the vigine above facts, the present
investigation was aimed to improve shelf life andilgy of apple by working out
appropriate harvesting date, pre-cooling and varipostharvest treatments with

following objectives :

1) To assess the combined influence of harvest daigpastharvest
treatments on quality and shelf-life of apple cRetl Delicious”

during storage.

2) To study the changes in biochemical attributesreated apple
during storage in relation to harvest dates.

3) To asses suitable harvests date along with stdragéments for

market regulation and better returns.



Chapter — 2
REVIEW OF LITERATURE

2.1 Harvest Date

Gherghi et al. (1977) concluded that in Jonathan, total lossesngu
storage, including weight loss and loss from rgitiwere least following
harvesting 132 days after flowering and in Goldetidous, “Red Delicious” and
Starkrimson following harvesting 150 days after wibsing. Organoleptic
characteristics and chemical changes as well aagedosses, it was established
that the best time to harvest Jonathan was 140 afégsflowering, when starch
content in the surface of a transverse sectiohefruit was 75 per cent, while for
Golden Delicious it was 145 days after floweringnen starch content was 80 per
cent, and for “Red Delicious” and Starkrimson itsnEb0 days after flowering,

when starch content was 75 per cent.

Vishanska and Barov (1981) harvested apple cvsd“Relicious”,
Jonathan and Tetovka each on 3 dates at 10-14mtaygals and stored at 0°C
and 85-90 per cent RH. Fruit harvested on the aptindate had the lowest
amount of wax-free membrane, which can be used astexion for assessing
harvesting maturity. A 10-day delay in harvesting dot, however, result in

destructive changes in the cuticular component®laf stored fruit.

Olsen (1982) reported that the fruits approachiagvést often show a
sudden drop in firmness and an increase in solstlids and starch breakdown.
Variation of some measurements within the fruitnffiess, soluble solids, color)
and within the tree should be considered when sampand monitoring

harvesting (Shaw and Rowe, 1982; Kupferman, 1986).

Maturity indices currently available to the indysinclude fruit size, flesh
firmness, soluble solids, titratable acidity, skatreakdown (iodine test), seed
color, respiration rate, skin color (ground andate color), and flesh chlorophyll

(Kupferman, 1983; Olsen, 1982). Calendar date, rurobdays from full bloom
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(DFFB or DAFB), accumulated heat units and daymfiisstage (Stoll, 1968) can
be added to the list. None of them can be usedealamd all of them should be
tested on the new cultivars in every growing lamatiVariation in the fruit

population in the same orchard, between orchandd, feom year to year has

accounted for the lack of one single maturity staddOlsen, 1982).

For economic reasons, fruit should be harvestechvguality criteria can
be best satisfied (Knee and Smith, 1989). Quabty be considered on external
aspects-size, color, fruit uniformity, absence d&éntishes, rot, spots, and on
internal characteristics-texture, juiciness, flavaroma (Kupferman, 1983), as
well as nutritional value. Finally, the time of kiast is significant because rapid
changes in fruit metabolism occur close to maturfige physiological stage at
harvest can affect: 1) fruit quality as perceivegl the consumer for fresh
consumption, 2) fruit storage potential, and 3)itfrguality for processing.
Physiological maturity of climacteric fruit can becognized by following the rate

of respiration of the developing fruit (Olsen, 1982

Nayital and Chopra (1991) picked “Red Deliciouspkgpfruits at intervals
from 80 to 153 days after full flowering, and stfer 180 days at 0+1°C and 85-
90 per cent RH. At the end of the storage perindisf picked 130+2 days after
full flowering had the greatest organoleptic scpffegit firmness (4.77 kg) and
percentage total soluble solids (12.37%). Fruinfiess and total soluble solids

content at harvest were 8.22 kg and 12.27 per oespectively.

Juanet al. (1999) investigated the effect of harvest datestmnage ability
of “Golden Delicious” apple and cold stored for sevmonths. Quality indices
(soluble solids content, flesh firmness, acidityg atarch index) were determined
weekly for one month before the first harvest gatd upon removal from storage.
Fruit susceptibility with increasing maturity wasoculated with Penecillium
expansum, keeping in cold storages for five wedWser removal from cold
storage, superficial scald and moisture loss insdenere higher on fruit picked

earlier. Bitter pit occurrence was also observdw percentage of marketable size
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fruit and disease severity increased with harvesate.d Starch index was
significantly correlated to acidity, soluble solidad firmness, suggesting that it

could be used to predict fruit quality after coldrage.

To ensure maximum storability, apples should b&gmovhen mature, but
not fully ripe. If apples are picked when they &oe ripe, physiological processes
are underway which complicate storage, even ungeémal conditions (Inglest
al., 2000). Apples picked at right stage have the rolgptic qualities which
enable them to survive more than six months ofaggr Apples which were
harvested the earliest were firmest both beforeadi®t storage, but lost a greater
percentage of their firmness during storage. Appvested 100 days after full
bloom (DAFB) had a firmness of 10.2 kg at harvest 8.0 kg after storage, and
lost 51% of their initial firmness. Apples harvesteE28 DAFB had a firmness of
8.2 kg at harvest and 4.7 kg after storage, and48sper cent of their initial
firmness. Apples harvested 114 and 21 DAFB losy ddl per cent of their initial
firmness. This agrees well with an earlier study famt softening in other
cultivars (Mereszet al, 1993). Fruits that are picked before physiologica
maturity will not ripen satisfactorily (Robertsoet al, 1990), while those
harvested at more mature stage have shorter #iee{fMeredithet al, 1989) and

did not ship well because of reduced shelf life (Myet al, 1998).

Erkan and Pekmezcu (2004) studied the effect ofdsardates (15 days
interval) on superficial scald development and Ipastest quality in “Granny
Smith” apples Kalus domesticastored at 8C with 90 per cent relative humidity
for 8 months. A significant variation was obserfedweight loss, soluble solids,
titratable acidity and flesh firmness among thdedént harvest dates. Increased
soluble solids were achieved with Delay harvestsklfirmness, titratable acidity
and soluble solids remained at acceptable leveglardéess of harvest dates and
storage durations. Early harvested fruits were ykstaat a lower rate. The
“Granny Smith” apples could be stored for 8 monthgh minimal scald

incidences (0 to 14.2% depending on storage length)
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Nabiaek and Ben (2004) harvested apple (cv. Gast)Mruits in 3 terms
at 7-day intervals during 1997-99 in Poland, whitee optimum harvesting date
was established between 129 and 136 days afterflaylering. The fruits
harvested in the first term had lower weight anantiter than the fruits in the
second term. On the other hand, the fruits hardeistehe second term had the
highest firmness (7.2-7.6 kg) and organic acid @on{0.28-0.30%) after 180
days of cold storage at O degrees C and after ditiathl 7-day storage at 18

degrees C.

Maturity at harvest has a very important influeocestorage life and the
compositional quality of apple fruit. However, thgptimum’ harvest date is
dependent on the cultivar, the planed use of thig the given storage technology
and the marketing strategy (Tromp, 2005; Werthél6(5). In early harvested
apples quality is low but storability is high, wkas late picked apples have a
high sensory quality but reduced storability (Tron#005). In most apple
varieties ethylene production increases markediynguthe harvest period. The
plant hormone ethylene influences many of the iimgrprocesses and the
increased production leads to improved qualityvfila, aroma) but decreased
storability (softening). Harvest maturity indicesd. ‘Streif-index’) which use a
combination of different ripening and quality chaemistics such as flesh
firmness, starch index and soluble solids conceatracan be calculated for
determining the optimum harvest date with respeciutivar, storage regime and
duration (Wertheim, 2005; Hewett, 2006). In ordeharvest all fruits at the right
time, i.e. at the optimum stage of maturity, sedaémicking is recommended
(Kingston, 1992; de Jager, 1994). Harvesting olefpit is generally carried out
by hand. Physical damage due to mechanical injwieh as bruising, surface
abrasions and cuts (Lee and Kader, 2000) leaddssaof quality and storability
and should be minimized by proper harvest managenvareover, postharvest
fruit quality is influenced by harvesting methodartsport and handling

conditions, storage conditions and conditions itaike McLellan et al. (1990)
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harvested apple fruits at three different stagé® Rarvested fruits were at cold
storages with a 95 per cent RH. The slices of applere taken from different
treatments for analyzing their Brix/acid ratio. Ralices of apples were analyzed
though Sensory analysis. Slice firmness was d@@Ataelay and harvesting date.
With the delay of storing at CA storage the un-blted raw slices, showed
softening, while late harvest also resulted higbeftening. Blanching of slices
greatly increased the softening. A significant @ase in apple flesh browning was
recorded at delay in storage at CA and due to lhtewest. There was no
significant difference in acceptability rating oaw slices of apples before

freezing.

Kvikliene et al. (2006) evaluated the pre and post-harvest chemical
changes in apple cultivar “Auskis”. Least weightdowas observed in apple
cultivar harvested at optimum maturity. Fruit firess was decreased with late
harvesting. Positive correlation was observed betwkrmness at harvest and
post-storage acidity and negative correlation waseoved in firmness at harvest
and post-storage sugar/acid ratio. Post-storagarseid ratio and post-storage
soluble solid content were correlated to solublkdsocontent at harvest. They
reported that optimal harvest time is in betweerlbd and 121 days for apple

cultivar “Auskis” after full bloom.
2.2 Pre cooling

Velkov (1982) cooled two apple cvs in water uniié tcore temperature
was 5 deg C, and then cold stored at 0 deg anceB2gmt RH. After 6 months’
storage, losses due to rots in “Red Delicious” epplere lower than uncooled

fruit.

Brackmannet al. (2004) studied the effects of cooling, fruit temrgiare
(FT), and relative humidity (RH) during storage the quality of apple. The
treatments consisted of: air precooling + 5 degfedsl + 96 per cent RH (J;

air precooling + 15 degrees C FT + 96 per cent R}); (air precooling + 5
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degrees C FT + 90 per cent RH;)Tair precooling + 5 degrees C FT + 96 per
cent RH (T); and hydrocooling + 5 degrees C FT + 96 degred$siC After 8
months of storage, flesh firmness was greatest ifmults. T, resulted in a higher
incidence of peel yellowing, internal breakdown amelliness. After 7 days at 20

degrees C, Jfruits showed a lower incidence of decay.

Silva et al. (2006) compared the performances of water andised as
heat sink fluids in apple cooling. The water systeas shown to perform twice as

fast as the air system under comparable conditions.
2.3  Calcium chloride

Maini et al. (1983) treated fruits of “Red Delicious” with 4rpeent CaGl
for 15 minutes and held at 15 to 16°C and 35-49ceet RH for up to 25 days.
Physiological weight loss and reduction in othealdgy indices were generally

lower in treated fruits.

Mir et al. (1993) harvested fruits were dipped for 5 min jriLl02, 3 or 4
per cent CaGlsolutions, air dried and stored under ambient tmms$ for 60
days. Dipping in CaGlsolutions reduced the rate of loss of fruit fireseand
weight during storage. These effects increased has GaC} concentration

increased.

Badshahet al. (1994) collected fruits of the apple cv. “Red Beus”
from the main market in Peshawar, dipped for 2 onirsprayed with calcium
chloride at 0, 1, 2, 4 or 8 per cent, then placecbid storage at 38 °F, 92 per cent
RH for 4 months. Changes in TSS, total acidityamiin C and total sugars during
storage were all reduced with increasing conceatranf calcium chloride; the
decreases in total acidity and vitamin C were s$iggmtly reduced by 8per cent

compared with 4 per cent calcium chloride.

Bhartiyaet al. (1998) showed effects of postharvest dips with IgaC s
(0.5, 1.5 or 2%), or Caghk S (0.5%) on the quality of apple cv. “Red Dalics”

fruits during storage at 10°C were investigatedteARO days of storage the
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lowest physiological loss in weight was noted fallog CaC} (2%) treatment.
The highest flesh firmness and acid contents wecerded following treatment
with S (0.5%). The application of Ca(0.5%) + S (0.5%) showed the highest
sugar and TSS contents after 90 days of storagés ffrom this combined
treatment scored the highest organoleptic ratirfter storage. At the end of
storage, fruits treated with CalL.5%) had the most intense colour.

Trentham (2008) stored the apple fruits ¥ @fter dipping for 2 minutes
in 0, 2, 4, or 6 per cent solution of Ca@t 0 or 68.95 kPa. He recorded the data
for different parameters with the interval of famonths. Paraffin sections were
stained with an aqueous mixture of alcian blue 8GXfaranin 0 and Bismark
brown Y, or with theperiodic acid-Schiff (PAS) réan. No histological
difference was observed in fruit treated with 2 pent CaCGl compared with
those pressure-infiltrated with greater amount<af Fruits pressure-infiltrated
with 6 per cent CaGlexhibited the greatest amount of flattened epidérmells
and hypodermal cavities. Cuticles were also afteatehe higher Cagtreatment
levels (with regard to staining with Bismark browbgecoming more condensed
and uniform. Cuticle and hypodermis were staindfintially with PAS in the
6 per cent CaGltreatment. All tissues, including the cuticle, eestained
magenta red, indicating a possible chemical altarabf the cuticle and the

underlying tissue by calcium.

Shirzadehet al. (2011) showed that fruit weight loss significantly
decreased in calcium treatments in comparison tralo Also, results showed
that calcium treatments increase fruit firmnessalaae activity, TA and Perlim
index, while decreasing of pH, TSS/TA ratio andopétase activity during cold
storage at 0 to 2°C for 5 month<{®05). The results showed that calcium
treatments application was influenced on ethyleneomparison to control. Post-

harvest Ca treatments prevented fruit softeningdmutleased weight losses.

Hussainet al. (2012) dipped freshly harvested “Red Deliciousplap in

calcium chloride solution of varying concentratid@ss—2.0% wi/v) for 1 h prior
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to irradiation at dose level of 0.4 kGy. Resultseaed significant (g 0.05)
retention in firmness, juice yield and ascorbidamntent in samples treated with
combination of calcium chloride at 2.0% w/v and gaanirradiation (0.4 kGy)
during storage. Water soluble pectin was inverssyrelated with firmness
(r=0.88) and was significantly €0.05) lower in samples subjected to
combination treatment of 2.0% w/v Ca@ind 0.4 kGy irradiation throughout the
storage. The combination treatment of 2.0% Ga@d 0.4 kGy irradiation gave
about 4.3 log reduction in yeast and mold courddle samples. Results of the
post refrigeration weight loss, firmness and oveaakeptability revealed that
combination treatment was helpful in extending shelf-life of “Red Delicious”
apples by around 20-25 days at 17+2°C, RH 75 pet fm#lowing 90 days of

refrigeration.
2.4  Coatings used

Wax coatings were developed to mimic the naturalting of fruits and
vegetables. Coating of fresh citrus fruits with wexextend their shelf life can be
traced back to 2to 13" century China (Hardenburg, 1967).

Gorini and Mori (1972) harvested apples at the mr@gig or end stage of
commercial ripeness, treated with 2 per cent lecithh 2 per cent vegetable wax,
and refrigerated immediately, or after 2 weeks tiNgisurface treatment reduced
spot, and waxing increased the percentage of rétiéd Immediate refrigeration,

however, reduced spot considerably.

Singh (1973) investigate the effect of tissue paped polyethylene
wrappers, wax coating and wax + tissue paper on stibeage quality and
composition of “Red Delicious” and Golden Delicicasples stored at an altitude
of 3500 m (at temperatures down to -20 deg C) fonohths. “Red Delicious”
kept better than Golden Delicious. Polyethylene #@sbest wrapping material,

as indicated by the least fruit rotting, shrivedlimnd weight loss. However,
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polyethylene-wrapped fruit had the lowest totalibte solids and reducing sugars
contents, and the highest acidity.

Another coating with similar composition, sempesfrecontains a higher
proportion of short-chain unsaturated fatty acitkissin its formulation (Draket
al., 1987). These coatings retarded colour developraedtretained acids and
firmness as compared to controls when tested olesgmith and Stow, 1984).
Semperfresh also extended the storage life ofscf@urtis, 1988), and Valencia
oranges coated with Tal Prolong had better flaxand lower ethanol levels than
controls (Nisperos-Carriedet al, 1990). By adding waxes to Semperfresh, the
coating gave a better shine and fruits had highegidity, less decay and good
flavour. On the other hand, Semperfresh was netcte in retarding water loss

of melons (Edwards and Blennerhassett, 1990).

Singhet al. (1991) coated Apple fruits with 8 per cent waxekemulsion
containing 0.4 per cent sodium orthophenylphenat8®-60 s or packaged in 200
gauge polyethylene bags provided with 0.2, 0.4 .8rg&r cent ventilation. All
treatments were effective in extending the shéf dif apples by about one week
compared with the controls. Packaging resultedmproved colour and gloss
during storage compared with wax coating and cantro

Mahajan and Chopra (1992) investigated the effelctpostharvest
application frutox (wax coating) on the quality astdrage of apples and found 6
per cent frutox was most effective treatment fedlucing physiological weight
loss, percentage rot, breakdown of flesh firmnetsstored apples and for
improving fruit quality. Peaks of ethylene evoluti@and respiration rates were
lower than untreated control. Overall this treatmeas effective in slowing down
the metabolic rates of apple fruits and prolondingir shelf life by 30 days or

more compared with untreated control fruits.

Commercial use of wax preparations is fairly extem®on apples, citrus

fruits, mature green tomatoes, cucumbers and rgésbéSwedes), and has been
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tried on a limited basis on many other fruits aedetables (Krochtat al, 1994).
Many coatings used today are similar to those usetthe past. The wax type
coatings are made with natural or synthetic wagasn@uba, polythene) plus oils,
wood rosin, shellac, surfactants and preservatigdlsof the coatings reduce
water loss, add various degrees of sheen, anddaadequate permeability to
CO, and Q. Coatings with shellac and rosin, however, havweelopermeability to
CO,, O, and ethylene, while coatings made with polythea@ehhigher gas
permeability than those from Carnauba (Nussinowaiath Lurie, 1995).

Hayat et al. (2003) investigated the effect of different cortcations of
calcium chloride (1, 1.5 & 2%), paraffin wax coagfimnd different wrapping
materials (polyethylene, carton paper) to increhgeshelf life and to avoid the
postharvest losses of Banky cultivars of apple.tidd treatments had a significant
effect on the shelf life of fruits. Calcium chloeid2%) proved very useful for
reducing weight loss and shrivelling and retainetdistimer acceptability even
after 60 days of storage. Polyethylene packagiogdssecond position after 2%

calcium chloride treatment.

Sabir et al. (2004) reported that chemical treatment, wax coating, oll
dipping and different wrapping materials have digant role in extending the
shelf life of apple. Non-perforated polyethyleneswaported superior to all other
treatments. Non perforated polyethylene materiedsga very useful for reducing
weight loss and shriveling and retained consumeetability even after 60 days
of storage. Hydroxyquinoline and butter paper wnagpstood second and third

positions after non perforated polyethylene wragpin

Mir et al. (2004) treated apple cv. “Red Delicious” after Vet at
commercial maturity stage with wax coating matersthy-fresh; sta-fresh (1:1),
virosil-agro (2.5%) or dipped in calcium chlorid4%4) for 10 minutes. Quality
evaluation during storage indicated that amongnreats stay-fresh and sta-fresh
(1:1) coating proved to be effective in reducingraih hydrolysis; physiological

weight loss and texture break down. Sensory pavedlation exhibited “fair to
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good” acceptability response of stay-fresh or staHf coated apples upto 65 days
of storage on basis of firmness, juiciness andoflaquality attributes, where as
in control lots the quality attributes showed manim acceptability scores only

upto 45 days under ambient conditions.

Panditet al. (2007) used different postharvest treatments sgcivax dip
and gibberellic acid at 500 ppm, with perforatedyfheene (PP), high density
polythene (HDPE) and low density polythene (LDPERppings to apple cv.
“Red Delicious” fruits. GA (500 ppm)-treated fruitsrapped in HDPE bags
proved the best over all the other treatment tridte results indicated that 500
ppm GA treated fruits in HDPE bags can be storetbl§b days with an excellent

appearance quality and were adequately edible amkietable.

Worakeeratikulet al. (2007) found the effects of chitosan coating on
browning and physiological changes in fresh-cuterapple $yzygium jambgs
Cooled fruits were cut into four sections and edawith chitosan (4 degrees C) at
0 (control), 0.05, 0.1 and 0.2% (v/v), wrapped watblyvinyl chloride film and
stored at 5 degrees C for 72 h. Chitosan retardedring, maintained the L
value, total soluble solids, reducing sugar congert titratable acidity compared
to the untreated sections. Chitosan coating hadsigoificant effects on the
changes of flesh colour (b value), phenolic contpatyphenol oxidase [catechol

oxidase] activity and flesh texture.

Wijewardane and Guleria (2008nd out the natural and ecofriendiyuit
coating, package and storage alternatives for xbension of the storage lifef
apple Malus domesticacv. ‘Royal Delicious’. Surface coating of applettwl,
1.5, 2 per cenheem oil Azadirachta indicgand 10, 15, 20 per cent extracts of
marigold flower Tagetes erectys along with pre-cooling were tested on the
storage quality of the fruit. The results revealeat, surface-coating of apple with
1.5-2 per cent concentration of neem oil along wgte-cooling was the most
effective in providing better physico-chemical umilla, effectively lowering fruit

softening and PG enzyme activity, and significakdlyering fruit spoilage during
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storage. Similarly, packaging of fruits with coratgd fiber board (CFB) boxes +
paper mould trays, CFB + Polyethylene (PE) linemnsl ghrink-wrapped tray
packing during storage (2+1°C and 85-90% RH), shibthat the surface-coating
of apple with 2 per cent neem oil together withirgtwwrapped tray packing
provided better retention of storage life of fraihd the treatment effect on

physico-chemical characteristics of fruits werengigant.
2.5 Temperature management

It is generally accepted and often described thiatlene plays a critical
role in apple ripening (Abelest al, 1992; Gorny and Kader, 1996; Mathooko,
1996). Therefore, suppression of ethylene bioswmhand action is the main
concern of postharvest strategies. The most sinapleé effective means of
controlling ethylene production and reducing theral metabolism is achieved
by storage at low temperatures (Lurie, 2002 andeKa2i003). Low temperatures
considerably reduce respiration (Lee al, 1995; Willset al, 2007) and it is
described that both enzymes involved in the etleyl@nsynthetic pathway, ACC-
S and ACC-O are sensitive to low temperatures (gandiereet al, 1997).
Moreover, tissue sensitivity and the rate of ethglbiosynthesis are dependent on
temperature (Leet al, 1995; Willset al, 2007). At lower temperatures fruit are
less sensitive to ethylene and at a given ethydeneentration it takes longer until
response, i.e. ripening is initiated. Moreoverhdts been described that loss of
vitamin C is generally reduced at lower temperatufaull, 1999) and low
temperatures also reduce fungal infection and ddcayng apple storage (Lest
al., 1995; Lurie, 2002). The fact that respiration eyatly releases heat is another
important reason for storage at low temperaturesi€l.2002; Willset al, 2007).

In general, low temperatures significantly delag thitiation of ripening and

clearly decrease all metabolic activities and baémaital reactions during ripening
in harvested fruit (Kingston, 1992; Le¢ al, 1995). Apples are ideally stored at
temperatures just above the freezing point, depgndn the variety and the

sensitivity to ‘chilling injury’ (Johnstomt al, 2002; Wertheim, 2005; Willet al,
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2007). Too high temperatures generally result stefaripening and in turn in
shorter storage life whereas too low temperaturgghtminduce physiological
disorders and ‘chilling injury’ (Leet al, 1995). It is important to rapidly cool
apples after harvest. The quicker the optimum getamperature is achieved, the
better the maintenance of fruit quality and thegemthe storage life (Paull, 1999;
Wertheim, 2005; Willset al, 2007). Therefore, an appropriate temperature
management after harvest is the most importanvféctmaintaining fruit quality,
delaying ripening of climacteric fruit and extengliand improving storage- and
shelf-life (Leeet al, 1995; Lee and Kader, 2000; Lurie, 2002).

The majority of apples must be consumed within latikeely short time
after harvesting; otherwise there will be high irgtlosses due to the biological
properties of the fruit. Apples, which consist ofilg tissues, are submitted to
continuous post-harvest processes, resulting iressemce and death (Kader,
1999). Since inhibition of these processes is mssible, decreasing the rate of
them is an important task. Thus, the objectivetofage is to prolong the life of
the fruit tissues by slowing down the metabolicgasses within the fruit that
influence its age. Such metabolic processes inclndgarticular respiration
intensity and internal ethylene production (Pal@i99). High storage temperature
or low relative humidity or both reduce storageembial, decrease apple quality

and enhance disorders (Paull, 1999).
2.6 Storage changes

Dzonovaet al. (1972) found that in “Red Delicious” apples tosaigars

and fuctose increased at first but decreased dtmmtater months of storage.

Bebic (1972) reported that weight losses in cottest apples were
directly related to skin characteristics, primathg thickness of the epidermis and
the surface wax, and to the number of lenticelsirigué months storage at 0-1
deg C and 85-90 per cent R.H. weight losses in &oldelicious were 6.15 per
cent, in Jonathan 5.08 per cent and in “Red Del&i@®.30 per cent.
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Kolev (1973) stored “Red Delicious” and Golden Delus apples at
temperatures of 0 to -2 deg or 0 to + 2 deg C addR85 to 90 per cent, in open
wooden boxes or packed with 60- to 80- mm-thickyetlylene film and arranged
in pallet boxes. The fruits of all cvs studied ne¢a their initial quality when
packed with polyethylene and kept at O to -2 degri®y in open containers
brought about greater weight losses, which weresidenable at both the
beginning and the end of the storage period. Fiafs in polyethylene suffered
greater weight losses during the second month attteaend of storage (March).
The flesh density of Golden Delicious declinedldittduring storage from
September to March, whereas in “Red Delicious”asweduced by one half.

Bartram (1976) observed changes in the flesh fisarad Starking “Red
Delicious” apples harvested 145 or 165 days frolnbloom and stored at 31 deg
or 32 deg F until late April. The fruit softeningaw least rapid in earlier picked
fruit stored at 31 deg.

Panait (1979) studies were carried out with Jomgtizolden Delicious,
“Red Delicious” and Starkrimson apples stored ate§ C and 90 per cent RH
from October to May. Total sugars, particularly giee, accumulated gradually
during storage although sucrose declined, espgcial April. The total
sugars/sucrose ratio, used as an index of appleetadility, showed that
Jonathan and Golden Delicious kept well until Mai8tarkrimson until late April
and “Red Delicious” (with the best storability) Wbeyond April.

Dzetsina and Sharova (1985) found that dry matfeM)( content
decreased during storage, particularly when storedhe plastic packs and
Sucrose content showed greater variation. In gergmamatter increased in the

first 30 days of storage.

Guptaet al. (1987) harvested fruits on 28 Sep. and packedmventional
wooden boxes with paper linings were held at roemgerature for 24 h, or for 1,

2 or 4 weeks before storage at 0-1°C and 85-90cpet RH. All fruits were
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withdrawn from cold storage on 15 Apr. and testadshelf life over 3, 10, 17 and
24 days. Only fruits cold-stored immediately aftervest were commercially

acceptable after 17-24 days of shelf life.

Joshiet al. (1988) experimented medium-sized fruits, growannorchard
were packed in traditional wooden boxes or in apatad cartons, each containing
8 or 15 kg, and transported to Lucknow (482 km)e Téwest fruit weight loss
(3.35%) and least spoilage occurred in the coredyaartons with 15 kg capacity,
closely followed by the 8-kg cartons, and the grsialosses and damage occurred

in the 15-kg wooden boxes.

Prakashet al. (1985) found that fruits of “Red Delicious” harted at
optimum maturity (a starch pattern index of arodh@nd held at 32°F and 90 per
cent RH for 3-5 months showed good quality andagtidity.

Guptaet al. (1989) graded Apples cv. “Red Delicious” into 2es: small
(diameter <69 nm), medium (70-79 nm) and large (A&(). Small- and medium-
sized apples maintained their quality (with resgecphysiological, biochemical
and organoleptic characters) for up to 24 days.géaapples remained of

acceptable quality for only 3-10 days.

Examination of fruit picked at different stageseaf$torage is necessary to
complement maturity studies. Firmness after storage been correlated with
DFFB and starch breakdown 80 per cent of the timitd, soluble solids at harvest
70 per cent of the time on “Red Delicious” (IngledaD'Souza, 1989). Fruit
guality was affected by harvest date, but nonehef maturity indicators tested
could predict apple quality after storage (Kme¢eal, 1989). Correlations between
starch and firmness at harvest were lost afteragigrindicating that starch at
harvest would not predict further firmness chan@gfaseeet al, 1989). However,
the firmness of fruit after storage correlated wile firmness at harvest and the
position of the fruit on the climacteric curve (Knet al, 1990). Experience

shows that the later picked fruit had the mostrdese dessert quality soon after
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harvest, but as the storage season progresse@repred shifted towards the

earlier picked fruit (Olsen, 1982). Maturity stuslieave often been complemented
with taste panels in an attempt to have a measupasameter for quality (Bidabe

et al, 1969; Knee and Smith, 1989; Saltviet, 1983).

Yahiaet al. (1990) reported loss of aroma was irreversibleraftore than
seven months of cold Storage and lack of flavoamfles might be due to early
picking before the production of volatile estensgd dhe reduced rate of activity of

all the metabolic pathways in storage.

The respiratory mechanisms are influenced by teatper. Generally a
change of temperature of AMresults in increase or decrease in reaction ates
factors of approximately 2.4 in case of apples wittertain temperature extremes
(Massey, 1989). Thus cooling apples from 25 t8C15hould double the life
expectancy of the fruit, further cooling should dumle life expectancy
compared with that at 26. In general there is an inverse relation between

respiration rate and storage life.

The storage or marketable life of apple can be reldd by various
postharvest treatments. The most important of tiesemperature management
and the storage conditions under refrigeration een worked out for various
apple cultivars. Controlled atmosphere technolofgppples by manipulation of
carbon dioxide and oxygen levels have extendedagtolife of apple upto 6 to 9
months. New approaches in CA technology, low oxyged low ethylene, CA
are also promising (Meheriuk, 1990).

Mahajan and Chopra (1995) dipped “Red Deliciousplep in Frutox
[wax coating] (6%), diphenylamine + Frutox (1500npp+ 6%), and water
(control) for 2 min and then packed in corrugatibdeboard cartons and stored at
0£1°C and 90-95 per cent RH. Diphenylamine + Frut@s the most effective
treatment in reducing physiological weight loss amefcentage rotting and

maintaining firmness.
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Ali et al. (2004) stored five apple varieties in ordinaryratge at room
temperature of 2&. An increase was observed in reducing sugar wésle
decrease was observed in non-reducing sugar aadstagars were increased with
the prolonged storage condition. Acidity was nagngicantly affected while total
soluble solids significantly increased during sggraat room temperature. A
decrease was observed in Vitamin C during stordey recommended Golden

Delicious and Amri cultivars of apple for storagefétch good market price.
2.7 Nutritional value

Nutritional quality and degree of healthful constits of fruits are related
to contents of vitamins, minerals, dietary fibredaphytochemicals with
antioxidant properties, such as phenolic compoyKasler, 2002; Awad and de
Jager, 2003; Sanchez-Morerd al, 2006). Nutritional value of apple fruit is
generally not a major criterion affecting purchaeeision for most consumers.
The nutrient composition varies depending on catltipreharvest environmental
and cultural factors, stage of maturity at harvastl postharvest regime and
duration. However, consumers are increasingly ammck about nutritional
quality and health-protecting compounds in foodsar(igaudiereet al, 2004;

Vilaplanaet al, 2006).
2.8 Physical changes

Khorshidi et al. (2010) reported that in apple cultivars lengtrgnagter,
volume and fruit weight decreased with increasstanage temperature. They also
reported that length, diameter, volume and fruiigive loss was significantly

higher in fruits stored at 2& than those stored at botfC0and 5C.

Trout et al. (1953) reported that weight loss during storageGoanny
Smith (8 weeks at 60-7%) and Rome Beauty (19 days at °R) was reduced

(55-95%) of control by using waxes and castor tbi, effect being increased by
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adding shellac. Paraffin wax was more effectiventbarnauba wax, which was
more effective than bee’s wax. Weight loss was h@aneincreased by coating
with emulsions of peanut oil, maize oil and lightemeral oils, and removal of

natural coating with alcohol.

Meheriuk and Porritt (1972) used wax preparationt@ming carnauba
wax, paraffin and shellac for waxing of five appeltivars viz., Mcintosh,
Spartan, Golden Delicious, “Red Delicious” and veae. The waxed and control
lots were stored at °C for 100 days. The extent of weight loss in wakeits
varied from 1.13-2.69 per cent compared to unwaoadrol (1.60-3.03%). The

effect varied with the test varieties of apple.

Cohenet al. (1990) reported that the application of two comeiarwax
formulations viz., Britex or Zivdar (15 or 18%) dviurcott Tangerine fruits
helped in reducing the weight loss compared torobaiuring a storage period of
4 weeks at @C. Further the most successful prevention of wiates was obtained

by double dips.

Koksai et al. (1994) treated starkspure Golden Delicious appligls O,
0.5, 1.0 and 1.5 per cent concentrations of semgsdrfsolutions and stored the
fruits at 0+0.5°C at RH 85-90 per cent. The weight loss recordésr 420 days
was recorded to be lowest (8.7%) with 1.0-1.5 pant semperfresh treatment

compared to a value of 9.5 to 9.8 per cent with 0.5 per cent semperfresh.

Singh and Mohammed (1997) studied the efficacy ak wmulsion and
rice starch on postharvest shelf life of guavaAllahabad safeda. The treatments
was emulsion and rice starch significantly redutlkee physiological loss in
weights of fruits. The 12 per cent wax emulsioratmgent recorded the minimum
PLW (4.24%), followed by 6 per cent wax emulsioril(B%6) and 6 per cent rice

starch without gum treatment (5.65%), where as marm PLW (9.52%) was
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observed in control. The maximum PLW (13.98%) whseoved after 12 days

and minimum after 4 days (4.45%) of storage.
2.8.1 Fruit firmness

Firmness in apple fruit is an important qualityterion that is used to
determine storability. Firmness is largely detemulioy cell wall composition and
structure (Mohsenin, 1970). Major changes occuritngell wall composition of
sencing apple fruit has been well characterizeddVali and Wiley, 1968; Knee,
1973; Bartley, 1974). These changes include a dserm galactose and arabinose
moieties of water insoluble cell wall fraction f@Ved by increase in soluble

polyuronide (Knee, 1973; Bartley, 1974).

Calcium is an important constituent of cell walicteasing Ca content of
apple fruit through Ca treatment reduces the rhsaftening (Mason, 1976; Betts
and Bramlage, 1977; Scott and Wills, 1977; John$6i9) and decrease pectin

solubilisation (Sams and Conway, 1984).

The effect of coating material on retardation oftesting varies with the
apple varieties. Meheriuk and Porritt (1972) repdrthat non waxed Mcintosh
and Sparton stored at°@ for 100 days showed a significant difference in
firmness compared with waxed fruit, but no sigrafit differences were observed

for Golden Delicious, “Red Delicious” or winesappépvarieties.

Mason (1979) reported that postharvest dips in t&olucontaining
calcium chloride reduce softening during storagearfles and Johnson (1980)
found that vacuum infiltration generally doublee ttalcium content of the fruit
and delayed softening. Hardenburg and Anderson1(1®@ve observed that
stayman apples dipped in 4 per cent calcium chdovigre firmer after 5 to 6

months storage in air af® than untreated fruits. Vacuum infiltrating caltiu
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chloride resulted in the firmest fruit after stogagnd the highest flesh calcium

levels.

The hydrolysis of pectins is catalyzed by two gmupf enzymes,
polygalacturonase (PG) and pectin methyl ester®dE] (Eskin, 1979). PG
would only act on the demethylated region of théygalacturonan, which is
brought about by the action of PME. Only exo-polggauronase has been found
in apple (Bartley, 1978). PG may be both exo- andfalo-polygalacturonases in
other fruit (Pressey and Avants, 1973; 1976). P@iacin ‘Delicious’ apple was
undetectable until the onset of the climacteriafiget al, 1982). It rose rapidly
after harvest, and decreased gradually one monén #fe climacteric. Fruit
softening occurred 20 days after the rise of P@iact(Liang et al, 1982). The
loss of firmness in apple has also been attributed-galactosidase activity
(Bartley, 1974; Kneet al., 1989 and Diclet al, 1990) did not find any change

in this enzyme activity during the ripening coucsapple.

Maini e al (1983) treated “Red Delicious” apples with 4 pent calcium
chloride for 15 minutes and found that during 2gsdambient storage at 15 to 16
°C flesh firmness in terms of pressure was foundetdiigher in the treated fruits

as compared to control.

Drake and spayd (1983) reported that use of 3 @etr CaC} in “Golden
Delicious” apples resulted in retention of firmn@&sspples compared to control.
The apples stored without treatment 8€ for 5 months possessed firmness
values of 12.0 compared to 13.0 Ibs in case of Ca€ated fruits stored afQ@
for same time. Poovaiah (1986) have also repor&geficial effects of calcium
chloride treatment in firmness of apples duringage.

Guzewaska (1984) observed that apples dipped fernoinute in 2 to 4

per cent calcium chloride were of higher qualityeat to 7 months cold storage.

Apple texture is important in determining consuraeceptability. Several
components affect this property, such as cell walhtent and composition,
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particle size and shape, moisture and lipid con{dfdini et al, 1985; Sams,
1999). However, softening is closely related tonstoal changes in the pectin and
middle lamellae (Kovacst al, 1999). It is also positively correlated with temt
of non-starch polysaccharides, and strongly caedlawith the presence of
galactose, glucose, arabinose, mannose and rhanmdse hydrolysis of apple
fibre (Gheyast al, 1998).

The “Golden Delicious” apples with initial firmnesd 16.58 Ibs were
infiltrated with 3 to 4 per cent calcium chloridader vacuum (350 mm Hg) and
stored for 3 months at’0 and firmness of 13.27 Ibs was retained by thésfru

after storage (Poovaiah, 1986).

Maini et al. (1985) reported that the firmness of “Red Delisibapples
stored at 9C at 85 to 90 per cent relative humidity for 13§sldecreased from 5
to 3.2 kg during storage. The decrease infirmneas been attributed to

breakdown of starch.

Fruit texture is related to cell wall structure afidnness loss during
ripening is a consequence of enzymatic activitycelh wall constituents (Eskin,
1990). Cell walls of apple incorporated methyl ugye into polygalacturonate
from 14C-methionine during ripening (Knee, 1978)The mechanism of
polymerization of the sugar nucleotides to compdek wall polysaccharides is
poorly understood, although the enzymes involvgazeapto be membrane bound
(Eskin, 1990). Fruit softening is attributed to arcrease in soluble pectic
substances, with a concomitant decrease in insolygctins (protopectins)
(Brady, 1987; Eskin, 1990).

Nazir (1992) reported that fruits “Red Deliciousppdes treated with
CaCb (4%) for 5 minutes under 300 mm Hg pressure hagibrmness 6.25 and
6.35 kgs/cri under refrigerated and CA storage after 210 dags timtreated

fruits.
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Mir et al. (1993) reported retention of better firmness iltioan chloride
treated “Red Delicious” apples stored under ambgamditions during storage.
There was decrease in firmness with the passagmiage period. However, the
untreated apples were less firmer 10.82 Ib comptrd®.20, 12.40, 13.16, 14.14
Ib dipper in 1, 2, 3, and 4 per cent CaGblution for 5 minutes, respectively
before storage.

Koksai et al. (1994) applied postharvest dip treatment of sefrgsr
solutions of various concentrations (0, 0.5, 1.0 &r%%) to the starkspur Golden
Delicious apples and after treatment fruits weogest in 0+0.5C and 85-90 per
cent relative humidity for 120 days. Fruit firmnessclined during the storage
period and the apples possessed 16.8 Ib flesh dsmmalues at the beginning of
storage period. These values in control 88d G) and the fruit applied with 0.5,
1.0 and 1.5 per cent semperfresh decreased to1111.(8,10.71, 10.0 and 10.0 Ib
during storage, respectively.

El-Ansaryet al. (1994) conducted two years storage study’@; RH 90-
92 per cent on Anna apple quality using prehareegiostharvest application of
calcium chloride. The preharvest treatment comgrefespraying apple tree thrice
(every three weeks beginning about 20 days afttal pall) with 0 and 0.5 per
cent CaCJ and postharvest treatment of calcium chloride peBcent (w/v) was
applied by vacuum (vacuum 350 mbar/3 min) infiloator by dipping for 3

minute.

Mahjan and Chopra (1995) reported that initial tfifitlmness values of
“Red Delicious” apple was 82.40 newtons. The flighness after storage period
of 210 days 0+ was lowered to lower values and was influenced by
postharvest treatments. The control fruits posskefismness of 32.75 newtons
and those treated with DPA 1500 ppm had flesh fassrof 47.06 newtons. Fruits
dipped in Frutox 6 per cent and Frutox 6 per cemPA 1500 ppm had fruit
firmness value of 45.11 and 46.19 newtons, respayti
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According to Surmacka-Szczesniak (2002) texturearns indicator of
structural and mechanical properties of food préglaad determines consurier
acceptability. Fruit firmness is one of the bagitecia of fruit texture estimation
and in some countries a specific degree of firmnesgcluded in primary
parameters for marketing (Hoebnhal, 2003). The fruit firmness depends on fruit
density related with the quality and storage pentmce of apple fruit (Amarante
et al, 2000). However, the softening rate has also beported to vary from
cultivar to cultivar, depending on the presence argression of genes which
regulate the activity of hydrolytic enzymes (Ingie al, 2000; Konopacka and
Plocharski, 2002; Johnstet al, 2001).

In general, flesh firmness decreases with sucoedsarvests, i.e. with
advanced maturity. Moreover, a distinct declindlésh firmness is found during
postharvest ripening depending on cultivar, stonaggme (temperature, relative
humidity, atmosphere) and duration. It is knownttha inverse relationship
between fruit size and flesh firmness exists (Kiogs 1992). Smaller fruit are
generally firmer than larger fruit and this mighd due to having more cell wall
material per unit volume (Johnstehal, 2002). Apple softening is largely due to
disruption of the cementing material between cgfigldle-lamella) which leads
to a loss of cell to cell contact (Kingston, 199®hnstonet al, 2002; Tromp,
2005). Softening, which occurs in almost all frudigring ripening is considered
being an undesirable process in apples. Many repdescribe firmness as a
crucial factor for consumer acceptance of applé fiDaillant-Spinnleret al,
1996; Jaegeet al, 1998; Harkeet al, 2002). Hence, firmness is very important
from a commercial viewpoint, because softening ténthe postharvest life of
fruits by enhancing physical damage during handiamgl increasing the fruit
susceptibility to diseases (Brady, 1987). Theref@iesh firmness is an indicator
of maturity and also an important parameter forgjnd quality throughout the

distribution chain (Tromp, 2005). Measurementslesh firmness are easily done
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by using a penetrometer which records the forcededdo insert a probe of
known head diameter to a defined depth into théeddeuit flesh.

2.8.2 Colour

The most obvious signs of fruit maturation are ¢jgnin the skin color.
Color changes start with chlorophyll degradatiotpasing the yellow carotenoids
(Kvale, 1967; Gorski and Creasy, 1977; Eskin, 1990)

Knee (1972) reported a continuous decrease in abihytl during apple
maturation, with a sharp drop at the onset of imaacteric. Total carotenoids
followed the reverse trend. In the group of anylamins, cyanidin-3-galactoside
(idaein), cyanidin-3- arabinoside, and cyanidinr@benoside have been identified

in ripe apple skin (Van Buren, 1970).

In apples, anthocyanin synthesis prevails durirgpghase of intense cell
division of the fruit and during fruit ripening. Ithe later phase, anthocyanin
formation rate is different according to the stafenaturity and to the cultivar.

Chalmerset al. (1973) observed an accumulation of anthocyanins on
detached mature ‘Jonathan’ apples, whereas thematation stopped on unripe
detached fruits. Therefore they suggested invdstgdurther on the rate of
accumulation of anthocyanins as an indicator ofumigt Anthocyanin formation
is absolutely light-dependent (Saure, 1990), betdbgree of the light response is
cultivar and maturity dependent (Chalmetsl, 1973).

Colour changes are the most obvious signal fort fripening. During
ripening apple fruit generally show a rapid lossgoéen colour, which results
from the degradation of chlorophyll structures fhp 2005; Willset al, 2007).
The yellow to red colour of apple fruit, which isual to anthocyanins and
carotenoids in the peel, becomes visible with dpbayll decline (Kingston, 1992;
Tromp, 2005; Willset al, 2007). However, synthesis of carotenoids and
development of anthocyanins might also ocdarnovoduring ripening (Knee,

1988). Since the degradation of chlorophyll is adjandicator of maturity,
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background colour (BGC) is visually assessed bypaomon with colour charts
or objectively measured by using ‘chromametersofiip, 2005). The degree of
red colour cannot be used as a good indicator ofuntyy since colour

development is influenced by many preharvest factor
2.8.3 Rotincidence

Giurea et al. (1979) tested several chemicals, Topsin M [thiopie:
methyl] at 0.07%, Tecto 60 [thiabendazole] at 0@%Benlate [benomyl] at 0.1%
in post-harvest dips gave the best results in iaduthe occurrence of P.

expansum on stored Jonathan, Golden Delicious Red Delicious” apples.

Jahangiret al. (1993) concluded that storage at 0° and 10°C ivagrtost
effective in controlling rotting of “Red Deliciousapples by Penicillium
expansum, Alternaria alternata and Rhizopus sp3 Alingi caused severe rotting
at 20° and appreciable rotting at 30°. At 40° lasicaused by P. expansum and
R. sp. spread very slowly and no lesions were fdrimg A. alternata. Storage at

such high temp., however, can reduce fruit quality.
2.9  Chemical changes
2.9.1 Total soluble solids

Drake and Spayd (1983) reported no significant gham soluble solid
content of “Golden Delicious” apples treated withvathout CaC} and stored
under cold storage conditions°C) for a period of 5 months than those stored

under cold ambient conditions for the same period.

Maini et al. (1983) treated “Red Delicious” apples with 4 pentccalcium
chloride for 15 minutes and held under ambient d¢@nws upto 25 days. They

reported that brix of juice did not show much vaoia.

Sams and Conway (1984) reported that “Golden Dmlgi apples
infiltrated after harvest with calcium chloride stibns up in control (13.7%Brix)

after 210 days of storage.

il



Baviskaret al. (1995) observed a rise in TSS and sugars in bas fill it
reached a peak followed by a gradual decline igetye of postharvest treatment
and storage conditions. The rise and fall in TS& sugars was delayed in wax
treated (W-0-12, 6%) fruits, polythene and CFB packruits but was rapid in
control fruits. The rise and subsequent fall in 58 sugars was at a faster rate at
room temperature (9.13-28.88) and (26.75-73.75%) followed by cool chamber
and cool store. The higher temperature and low dilynat room temperature

enhanced ripening resulting in faster utilizatidrs@luble solids and sugars.

With advanced maturity and during postharvest appbening fruit
generally become sweeter and more acceptable. Adrease in sweetness is
mainly due to the conversion of starch to sugauga® are primarily found in the
cell vacuole (Kader, 2002) and are usually a megonponent of soluble solids in
the cell sap (Willset al, 2007). Therefore, it is easier and generally jpisze to
measure the percentage of soluble solids (% Bgx)ding a refractometer, rather
than directly measuring the sugar content by chaimueans (Kingston, 1992;
Wills et al, 2007).

Ali et al. (2011) examined chemical changes in apple pulpgdwtorage.
They reported that ascorbic acid content, pH amghsacid ratio was decreased
while TSS and titratable acidity was increased Ond@ys of storage. Treatments
and storage intervals significantly affected theygito-chemical properties of

apples.
2.9.2 Titratable acidity

Maini et al. (1983) treated “Red Delicious” fruits with 4 pent calcium
chloride for 15 minutes and stored under ambientitmns (15-16°C). Acidity
did not show much variation when data recordedve dlays interval upto 25

days.

Mahajan and Chopra (1995) reported that in fruRed Delicious” apples
treated with DPA (1500 ppm), frutox (6%), DPA +tfym (1500 ppm + 6%),
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Bavistin (500, 100 and 1500 ppm) and Rovral (1080 2and 500 ppm) and
thereafter packed in corrugated fibre board cadonatored in cold storage
maintained at 0+2C and 90-95 per cent relative humidity the TSS eontvhich
was fairly low initially, increased as the storggiod advanced, reaching a peak
at 150 days of storage and declined thereafterof@eHb00 ppm treated fruits
recorded highest average TSS content (12B3K&) and the lower average. TSS

content was in control (13.78rix) after 210 days of storage.

Baviskaret al. (1995) observed a rise in TSS and sugars in bésfiill |
reached a peak followed by a fradual decline ireeSpe of postharvest treatment
and storage conditions. The rise and fall in TS& sugars was delayed in wax
treatred (W-0-12, 6%) fruits, polythene and CFBKeaktfruits but was rapid in
control fruits. The rise and subsequent fall in B8 sugars was at a faster rate at
room temperature (9.13-28.5&€) and (26.75-73.75% RH) followed by cool
chamber and cool store. The higher temperature lawd humidity at room
temperature enhanced ripening resulting in fadi@zation of soluble solids and

sugars.

Rice starch and other emulsion treatments sigmifigaarrested the
progressive decrease in TSS content of guavadfteand 12 days. After 12 days
of storage, the highest TSS was recorded at 6 ¢xdrwax emulsion treatment
(9.66°Brix) and lowest value of TSS (7.86Brix) in control. The mean highest
TSS value was recorded in 6 per cent rice star¢chowi gum treatment (11.41
°Brix) and the lowest mean TSS value is control 380°Brix) which was

significantly lowest than all other treatments (@irand Mohammad, 1997).

The predominant acid in apple fruit is malic aciitganic acids generally
decline during maturation and apple ripening. Simrganic acids can be
considered as a source of energy (Walisal, 2007), their gradual decline during
ripening might be explained by their utilizationrohg postharvest respiration
(Kader, 2002). The degree of decline in organidsds dependent on cultivar,

preharvest environmental and cultural factors ab ageon postharvest storage-
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and handling conditions. Since acidity in interactiwith sweetness mainly
contributes to fruit flavour, it is considered te lan important quality factor.

Acidity is usually determined by titration.
2.9.3 Sugars

Ranjit et al. (1992) reported that there was increase in redusugars in
mango fruits treated with 2, 4, ST, calcium nitraed malic hydrazide as

compared to control.

Baviskaret al. (1995) concluded that there was no appreciablerdifice
in TSS and sugar content in different varietiegmbles under varying treatments.
However, the control fruits had comparatively high&S and total sugars which
might be attributed to higher moisture loss in coinds compared to lots treated
otherwise. The rise and fall in total sugars waays in wax treated polythene

and CFB packed ber fruits compared to rapid ine@asontrol fruits.
2.9.4 Pectin

The textural changes during fruit ripening are tetlato alteration in cell
structure. These changes usually involve an iserea water soluble pectin,
decrease in protopectin, and a loss of pectic abhwgar, such as arabinose and
galactose, from one or more of the pectic fracti@symouret al, 1990). The
increase in water soluble pectin is attributed nayenatic degradation involving
polygalacturonase (PG), pectinmethylesterase (PdB)galactosidase (Mudet
al., 1995). In peaches, water soluble pectin incitasbereas alkali soluble
pectin fraction decreased during ripening (Shewfed65; Pressegt al, 1971).
In strawberry, the total amount of galacturonicdagn the separated pectin
fraction also decreases with ripening (Inari ané€lehi 1997). In mango fruits,
some studies showed different changes in pectatidras from different cultivars
during ripening. According to Tandon and Kalra 89 water soluble (high
methoxyl) and ammonium oxalate soluble (low metpxyectin fractions

increased, while the alkali soluble (protopectimacfion decreased, during
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ripening of mango fruit (cv Dashehari). As theitsuripened, they softened
largely because of enzymatic deesterification dred depolymerization of cell-
bound pectin, which yielded water and ammonium abea{pectinic acid) soluble
pectin. Protopectin, upon hydrolysis, yields wadeluble pectins (Mizuta and
Subramanyam 1973). In addition, Mitcham and McDar4992) found that the
ripening of ‘Keitt’ and ‘Tommy Atkins’ was assocet with an increase in
soluble pectin as well as a decline in arabinogygmnosyl, and galactosyl
residues. Mudat al. (1995) confirmed that the chelator soluble pefréiction is
progressively depolymerized and becomes more ppgdse during ripening in
‘Tommy Atkins’. However, in a study by Roe and Bnamer (1981), softening in
‘Keitt’ mango was accompanied by a decline in theoant of both water and
alkaline soluble pectin. In contrast, oxalate btdupectin increased during
ripening. The decline in alkaline soluble pectiasamost closely correlated with
the loss of firmness of the mango fruit. Roe andeBmer (1981) mentioned that
the conversion of protopectin (alkali soluble) tater soluble pectin in peach was
accompanied by polymer degradation but not to tkien¢ to be observed in
‘Keitt’ mango. Degradation of mango pectin app#seproceeded to the stage
that the product molecules were small enough tedbeble in ethanol, and were
not precipitated in alcohol insoluble solid (AIS)Robertson and Swinburne
(1981) also reported a significant inverse relaiop between the firmness of

unpeeled kiwifruit and water soluble pectin content
2.9.5 Phenolics

Total phenolic content declines throughout fruivelepment, resulting in
a decrease in bitterness and astringency (Cliffb®®,7). Acceptable quality also
depends on the fruit aroma, which is caused byrgelaumber of volatile
compounds including alcohols, aldehydes, carboxgtiters and ketones (Dixon
and Hewett, 2000). Starch is transported from soorgans, and accumulates in
fruit during development. Its hydrolysis beforeifmnaturation is the main source

of fruit sugars (sucrose, glucose, fructose, andomcontribution of sorbitol),
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which are responsible for the sweetness (Knee, ) 1¥@anic acids (malic and
citric acids) are other factors associated withtftaste (Ferguson and Boyd,
2002). They are substrates of respiration and theals decrease during ripening
(Ackermann, 1992).

Henriquezet al. (2012) indicated that the total phenolic contehi
antioxidant capacity, and the mineral compositioh,peel were substantially
higher than those of whole fruit, and pulp for #ie apple cultivars studied.
Among cultivars, ““Red Delicious™
content of total phenolic (11.6 mg gallic acid e@ents [GAE] g-1 FW) and a
higher FRAP (209.9umol Fe+2 g-1 FW). Additionally, a high correlation

between total phenolic content and antioxidant ciypavas found in all the

apple peels haaesignificantly much higher

cultivars and fruit tissues analyzed, except inapple pulp.
2.9.6 Enzymes

Pectic enzymes are important factors in the textifeuits and vegetables
during ripening, postharvest storage, and procgg$tiinik and Rombouts, 1981,
Voragen et al, 1995). Pectic enzymes occur naturally in manyitdrand
vegetables (endogenous enzymes), but they areadlded as processing aids
(exogenous enzymes) (Beneh al, 2003). Pectic enzymes are composed of
main-chain depolymerases and esterases active ffeajinmethlyesterase) on
methyl-and acetylesters of galacturonic acid ressdin the galacturonan and
rhamnogalacturonan structure. The depolymerizmaymes comprise hydrolases
(e.g. exo-and edo-polygalacturonase) as well asel/de.g. petin lysase, pectate
lysase) (Benemt al, 2003). The points of attack of pectic enzymesillustrated
in. Pectin esterases act on methyl-and acetytesfegalacturonosyl uronic acid
in the galacturonan and rhamnogalacturonan streictur Pectin lyase
depolymerizes highly esterified pectin by splittigfycosidic linkages next to
methyl esterified groups throughpeelimination mechanism. Pectate lyase also
attacks glycosidic linkages next to a free carboxyloup. Another

depolymerization pathway is by the combined actinpectinmethylesterase
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(PME) and polygalacturonase (PG). In the preserfce water molecule, PME
splits off methanol from highly esterified pectitmansforming it into low ester

pectin, which is hydrolyzed by PG, attacking glydas linkages next to a free
carboxyl group (Pilnik and Voragen 1989). Bothsskes of enzymes contain
enzymes that act on the homogalacturonan backbmnésmooth’ part, and

enzymes that degrade the rhamnogalacturonan fmotk@own as ‘hairy regions’

(Benenet al, 2003).

Teresaet al. (1992) observed the activity of polygalacturongd&e
3.2.1.15) increased slightly during fruit softeninghile galactosidase (EC
3.2.1.23) activity remained constant. Salt-extrdqgbectinesterase (EC 3.1.1.11)
activity increased during ethylene treatment, tiepped rapidly to low levels as
fruit softened. Residual pectinesterase activityraeted after digestion of the cell
wall pellet with a fungal enzyme mix, decreasedsoftening. The rapid softening
of kiwifruit in response to ethylene treatment niyinitiated by an induction of
pectinesterase activity, causing increased detgsadion of cell wall pectins,

followed by degradation of solubilized pectin.

Mahajan (1994) concluded that TSS, total sugars swidble protein
contents increased in “Red Delicious” apples dufiff days of storage at 0+1°C
and then declined. Titratable acidity, total phenahd pectin contents declined
linearly during 7 months of storage. Polygalactas® and cellulase activities
increased for 150 days of storage, leading to faitening. These activities then

declined.

Gonzalez and Rosso (2011) determined PME activitysamples of
pectinases by UV-VIS spectroscopy, to measure ¢iteand methanol produced
in the reaction of pectin with pectinase and tafyehe thermal inactivation of
exogenous PME in mango juice. The reaction showedter activity at pH 4.0 to
4.5 and at a temperature of 45° C. PME activityedeined by UV-VIS
spectroscopy with bromophenol blue indicator showegod correlation with the

activity determined by potentiometry and with alobloxidase. The results
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showed that bromophenol blue indicators can be tse@termine PME activity
in samples of pectinases where the optimum pHcistéal in the acidic range. The
thermal inactivation of exogenous PME in mangoguiccurred at 75° C for 20

min of exposure.
2.10 Sensory quality of apple

Visser et al. (1968) showed a high correlation between perceived
sweetness ant total sugars as measured with a hand refractonatdrbetween
perceived acidity and pH of apple juice. The amoahtacids affected the

perceived sweetness intensity more than the sadfacted perceived acidity.

Although of practical use, soluble solids and tibde acidity don’t give
any indication of the quality of sugars and acasl the effect on the palate of
each of them is not equal. In solution, fructosges sweeter than sucrose, which
tastes sweeter than glucose (Shallenberger ant,RBif¥5). Malic acid, which is
predominant in apples and pears, has a longerteffethe taste buds with less
intensity than citric acid (Gardner, 1966).

Forty-five attributes were categorized in appeagaexternal and internal
aroma, feel of apple in hand, taste, texture, ditel-taste. This study helped
understanding which are the important flavor ciden apple and how they
changed with storage. It also pinpointed the diffies encountered with the fresh
product where the variation within a fruit was asaj as the variation between
fruits (Williams and Carter, 1977).

Watadaet al. (1980) chose 15 attributes to describe eatingitguaf
apples: hardness, crispiness, toughness, mealingssnginess, juiciness,
sweetness, acidity, astringency, starchiness,rsgssi vegetativeness, mustiness,
cardboardy flavor, and fruitiness. The intensitytteé attributes were plotted on a
circular graph and differences of patterns betwesteties, or due to duration of
storage, were observed. Instrumental measuremeane Ibeen extensively

correlated with sensory attributes. Sweetness artityaare the most important
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taste attributes in fruit (Bidabet al, 1969; Thiault, 1975; Vissest al, 1968;
Vangdal, 1985).

Taste and aroma contribute largely to apple overadlity, texture has
been considered even more significant (Ananthakast al, 1983; Mast and
Faldheim, 1983; Willset al, 1980). The Ottawa Texture Measuring System
(OTMS) is an instrument that gives a measure otutexand juiciness by
compressing a slice of apple, and the Magness Taykssure tester gives the
resistance of the fruit flesh at one point .OTM3uea were better correlated to
overall quality (sensory) than titratable aciditgfractive index and Magness
Taylor values .Therefore, OTMS has been recommefmledse as an index for
apple quality (Ananthakrishnet al, 1983). The Magness Taylor penetrometer
does not give any indication on texture but id stidely used to measure apple
firmness (Watada and Abbott, 1985).

Vangdal (1985) reported that there was a betteeladion between flavor
and the soluble solids:acidity ratio than flavodasach of those components
alone. The index SSC + 10(TA) established by Thigh@75) for “Red Delicious”
has been widely used in Europe as a quality index.T

Once the physiological and pathological disordergetbeen controlled by
appropriate horticultural and storage practices,dhting quality is the final goal
of getting horticultural crops to the consumer (Krend Smith, 1989). Among
available tools for the researcher to contributethie better understanding of
guality are descriptive analyses where a panelrahéd people describes the
product's sensory attributes, which can be companeth instrumental
measurements, and acceptance tests (Stone and Bi@&l). Acceptance tests
usually precede large scale consumer market rdsedhe five-point hedonic
scale and paired comparison tests are the most oafyrased techniques (Stone
and Sidel, 1985).
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Prakashet al. (1985) picked apples at 3 stages of maturity dutire peak
harvest period, for 3 consecutive seasons (150@&s/spason). The best time to
harvest was when 70% of apples were mature (dntglignder- or over-mature).
Fruits harvested at this time showed longer, shfree cold storage life and

maintained their superior organoleptic propertigsighout storage.

Zerbini et al. (1999) harvested apples four times at weekly watisrfrom
4-year-old trees in an experimental orchard in Nyl Selected and trained
panellists evaluated the intensity of sensory attarstics of fruits after storage
(4 months at @ in air) and shelf-life at 2C€. Harvest time mainly influenced
fruit texture after storage: in Staymared the pstiand the most crisp fruits were
those of the intermediate harvests, in Red Chdatof the first harvest, while in
Fuji those of the last two harvests. Sensory qualit Braecburn and Golden

Delicious was not affected by harvest time.
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Chapter — 3
MATERIAL AND METHODS

Investigations connected with the studies on “Eff@cHarvest Dates and
Post Harvest Treatments on Quality and Shelf-lifeStored Apple cv. “Red
Delicious” were carried out in the Division of Ré$arvest Technology, Sher-e-
Kashmir University of Agriculture Sciences and Tealogy of Kashmir,
Shalimar, Srinagar, Jammu & Kashmir during the twemsecutive years viz.,
2011 and 2012. The details of the techniques fatbwnd material used during

the course of investigations are described as below
3.1 Material

Apple cv. “Red Delicious” of uniform shape, sizedafirm texture was
procured from the apple orchard of Mr. Mohd Afzarai, Pulwama Kashmir
about 40 kilometers from Srinagar. Apple fruitsrevbarvested at three different
dates with an interval of seven days at around prA0After harvest, these were
manually sorted by discarding deformed, bruisedicpred and stemless fruits.
One lot of fruits was separated and kept underestiad 12 hours for cooling
which served as control; [shade-cooling). The remaining fruits were pretedo
by spraying cold tape water for 10 minutes with asional turning T
(hydrocooling). Next day hydrocooled fruits wereided into two more lots, one
lot was sprayed with 3 per cent calcium chlorideicihhserved as 3
(hydrocooling + CaG). Then these fruits were packed in plastic craed
brought to laboratory. Next day a portion from bbgdrocooled fruits () and
(hydrocooled + CaG) T; were waxed by 6 per cent paraffin wax which sea®d
T, (hydrocooling + 6% paraffin wax) ands Thydrocooling + 3% CaGl+ 6%
paraffin wax), respectively.

3.2 Calcium chloride and wax treatment

The shade-cooled fruits were designated ag&dntrol) and hydro-cooled

fruits were named as, TRemaining pre-cooled fruits were given thrdéedent
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Plate-1 : Waxing process of AppleNlalus domestica Borkh.) cv. “Red Delicious”



treatments. One lot was sprayed with 3 per cemiwal chloride and designated
as T;. Second was waxed by wax machine and designat&gl a$ird lot of pre-

cooled fruits were sprayed with calcium chloridel avaxed and designated as T
All the treated fruits were stored under ambiend agfrigerated conditions for

storage studies.
3.3 Storage

After treatment, samples were Kkept separately undoer storage
conditions viz., ambient (Temperature 18+2°C, RH5/86) and refrigerated
(Temperature 2+1°C, RH 8515 %) storage for momtpquality changes during
storage periods. Fruits were evaluated for eachnpater after every 20 days (O,
20, 40, 60, 80 and 100 days) in case of both sto@mnditions with three

replications.
3.4  Post-storage shelf life studies

Samples of all treatments were taken out from sttdes (2+1°C, RH
8515 %) after 20 days of storage interval and kaptambient temperature

(18+2°C, RH 75+£5%) for some time and were evaluéte@ach parameter.

After different treatments, various physico-cherhiead organoleptic
changes were evaluated during storage.

3.4.1 Physical properties
3.4.1.1 Fruit length (mm)

The length of ten randomly selected fruits fromhea®atment in each
replication was measured with the help of vernier&liper’'s, averaged and

expressed in millimetres (mm).
3.4.1.2 Fruit diameter (mm)

The diameter of ten randomly selected fruits fraamhetreatment in each
replication was measured with the help of vernier&liper’'s, averaged and

expressed in millimetre (mm).
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Ambient storage

Refrigerated storage

Plate-2 : Apple Malus domestica Borkh.) cv. “Red Delicious” under
ambient and refrigerated storage
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Plate-3 : Fruits after ambient and refrigerated stowage of 200 days



3.4.1.3 L/D ratio

L/D ratio of ten randomly selected fruits was cédted by dividing the

length of fruits with that of diameter and the shap fruit was determined.
3.4.1.4 Average fruit weight (g)

The representative sample of 30 fruits in replicateere taken and
weighed on electronic balance (Metzer Biomedical &hectronics Pvt. Ltd) to

calculate average fruit weight in grams.
3.4.1.5 Firmness (Ib/inch)

Fruit flesh firmness (Ib/indh) data pertaining to fruit flesh firmness was
recorded with the help of penetrometer (Effigi, hin Prob.) for five fruits per
treatment (Pocharski al, 2000).

3.4.1.6 Colour assessment (L*, a*, b*)

Fruit surface colour was determined with a chrommméModel CR-
2000, Minolta, Osaka, Japan), equipped with a 8-measuring head and a c
illumination (6774 K). The meter was calibrated ngsithe manufacturer’s
standard white plate. Colour changes were quadtifi¢he L', a, b colour space.
L", refers to lightness of the colour of the samplét fand ranges from black = 0
to white = 100. A negative value of mdicates a green colour where the positive
value indicates red-purple colour. A positive vatié indicates a yellow colour

and the negative value a blue colour.
3.4.1.7 Rot incidence (%)

Per cent soft rot in each replication of treatmemés examined visually
and counted during 150 days storage and their sksparcentage of fruits was

calculated by formula as under :

.. Number of diseased fruits
Rotincidence (%) = Total number of fruits x 100
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3.4.1.8 Physiological loss in weight (PLW)

For determining the PLW from each treatment 10tdruvere taken
separately. The original weight of these fruits wesorded soon after precooling
treatment. The fruits were subsequently weightedaah stage of analysis. The
PLW was expressed on percentage basis as perauGati

Original weight — subsequent weight at analysis

0p) =
PLW (%) Original weight

x 100

3.4.2 Chemical properties
3.4.2.1 Moisture content (%)

Moisture content in sample was determined by hotoaen method
(A.0.A.C, 1995). 5 g of sample was dried at 66c7®@r 6-8 hours to constant
weight under a vacuum of 750 mm Hg. The loss ingiveivas determined to
calculate the moisture content.

Initial weight of sample- Weight of sample afteyidg
Initial weight of sample

Moisture (%) = x 100

3.4.2.2 Total soluble solids’Brix)

Total soluble contents were determined by a haf@atmeter (model
Atago N, Japan) having range of 0-32 per cent hadralues obtained in per cent
were corrected at 20°C. The fruits for the testendivided into 3 replicates each
consisting of 5 fruits and were subjected to jueséraction using an Omni juice
extractor, followed by filtration through muslinoth. Two to three drops of the
filtered juice were put on the refractometer lems TSS measurement and
expressed a¥rix.

3.4.2.3 Titrable acidity (%)

Titrable acidity was determined by taking a knowaight of fruit juice
and making a known volume of it by adding distillacter. Then a known
volume of this liquid was treated against 0.1 N igod hydroxide using
phenolpthalin as an indicator. Titrable acidity veapressed as percentage malic
acid as per equation.

Titre x Normality of alkali x Vol. make up x Equilent weight of acid

Titrable acidity= Vol. of sample taken for estimation X  Weight orwmole of sample taken x 1000

x 100
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3.4.2.4 Total sugars (%)

Total and reducing sugars were estimated by Lamk EBmon method
(1923). 5 g of sample was blended with 100 ml kigstiwater, boiled for 1 hour
in 150 ml beaker. Loss of water during boiling wasde up by addition of
distilled water. The solution was heated, transfémo a 250 ml volumetric flask
and neutralized using sodium hydroxide. To it 2045 per cent lead acetate was
added, shaken well and left undisturbed for 10 mewThen it was de leaded
with 2 ml of potassium oxalate and volume madeaf30 ml. The solution was

filtered and marked as solution (1).

For estimation of total sugars, 50 ml of solutiéh\yas inverted in 200 ml
of flask by adding 5 g of citric acid to it and thboiled for 15 to 20 minutes and
cooled, neutralized with 1N sodium hydroxide tilhlp colour appeared using
phenopthalein indicator volume was made upto 25@mdlsolution designated as
solution 1. 5 ml of each Fehlings solution (A) a(#) were taken in a titration
flask containing 25 ml of distilled water titratadainst solution (ll) for estimation
of total sugars, till red colour was observed. eAtthis 2 drops of methylene blue
(indicator) were added and titration was contintiécbrick red precipitate was
observed. During the entire period, the flask waptkon burner to keep the

contents hot. Percentage total sugars were cagclileting the followed equation

0.05 x volume made
0p) =
Total sugars (%) Titrate volume x weight of sample x 100

3.4.2.5 Per cent juice content

Per cent juice content Juice was extracted frorma fandomly selected
fruit from each treatment with the help of juicetraxting machine, weighed and
the percentage was computed as described by Redtrahi(1982).

Weight of juice fruit*

Average weight of fruit x 100

Per cent juice =
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3.4.2.6 Calcium (%)

Calcium content of samples was determined by atoabsorption
spectrophotometer (AAS). Calcium was determineddipesting the sample
obtained by dry ashing. Samples were digested MNID; and HCIQ. Digested
sample were diluted to 100ml with distilled watBtandards were prepared by 0
to 15 mg Calcium per litre solution. Reading waketa with AAS using an
acetylene-air flame (A.O.A.C, 1995).

3.4.2.7 Pectin content (%)

Pectin was precipitated as calcium pectate in ffagih samples. 5 g of
sample was boiled with 400 ml of 0.05N HCI for 6énoties, cooled and volume
made upto 100 ml with distiled water. The solutigras filtered through
Whatman No.4 filter paper. To 100 ml of filtrat&g@ml of distilled water was
added and then neutralised with 1IN NaOH. The smiutvas kept undisturbed for
24 hrs, followed by addition of 50ml of 1N aceticidaand 25 ml of 1N Cagl
were added to the solution. The solution was leffisturbed for 1 hour, boiled
for 1 or 2 minutes and filtered through previousigighed filter paper. The
precipitate on filter paper was washed with boilngter until free from chlorides
and the filter paper containing precipitate wagdifior 24 hrs at 6, cooled in a
dessicator next day and weighed. The pectin asceer calcium pectate was
determined using the following equation :

Weight of calcium pectate x 500
ml of filtrate taken x weight of sample

Calcium pectate (%) = 100

3.4.2.8 Anthocyanin content

The anthocyanin content was estimated by blendikgaavn weight of
fruit with a known volume of ethanolic HCI (95% attol : 1.5 N HCI) in a
blender and stored overnight under refrigeratiod®at. The mixture was filtered
and residue was washed repeatedly till a knownmelwas obtained. A small
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aliquot was diluted with ethanolic HCI to yield agatl density (OD) checked at
530 nm measurements within the optical range aftspehotometer.

3.4.2.9 Ascorbic acid content (mg/100 g)

Ascorbic acid was determined by the standard meti®deported in
AOAC (1990). Dye solution for Ascorbic acid detemation: Fifty mg of 2, 6
dichlorophenol indophenols dye and 42 mg of sodnicarbonate was weighed,
dissolved in hot distilled water and volume was enag to 250 ml. Fifty mg of
standard ascorbic acid was taken in 50ml volumélask and the volume was
made up 0.4 per cent oxalic acid. This standardrbgcacid was titrated against
dye. Titration of the sample Ten ml of sample waseh in 100 ml volumetric
flask and volume was made by adding 0.4 per ceatioacid .Then 10 ml of
prepared sample was taken in the flask and wasditragainst dye until light pink
colour appeared, which persisted for 15 secondseltonsecutive readings were
taken for each sample. The ascorbic acid was edtnlilby using the following

formula;
Ascorbic acid = FXTx10 x 100
DxS
F = Factor from standardisation = (ml of Ascorbeed¥ml of dye
T = ml of dye used for sample
S = ml of diluted sample taken for titration
D = ml of sample taken for dilution

3.4.2.10 Polyphenols (mg/100 g)

Polyphenol content of fruit was estimated througbr@cedure developed
by Elizabeth and Kelly (2007). Five gram of samwhes boiled for 30 minutes in
400ml distilled water, diluted to mark with diséil water in a 500ml volumetric
flask and filtered. In order to estimate the pha&nobntent, 0.1 ml of filtrate was
taken in a test tube and after adding 0.2 ml gbdiOcent Folin-ciocalteau reagent,
the mixture was vortexed thoroughly. After vortexid.8 ml of sodium carbonate
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was added in to each tube and was incubated at r@onperature. After
incubation absorbance was measured at 765 nm dgdppenolic content was

calculated using standard curve of gallic acidulgiofollowing equation:

mg of Gallic acid from standard curve x dilution
Polyphenolic content (mg/100 g) = ml of sample taken for colour development x %100
Weight of solids in sample

3.4.2.12 Pectin methyl esterase (Methnol egmol/litre/day)

PME activity in apple juice was determined aftex #Hctivity was extracted
from the particulate fraction with high salt. A T80g pellet was prepared from a
sample of unfiltered Red Delicious apple juice.sTpellet was washed twine with
5.0 mM acetate buffer (pH 1.5) and then resuspend@b M NaCl and 0.1 M-
NaOH (pH 7.5) and the 16000 g supernatant collecidus supernatant was
assayed for PME activity essentially as descrilmedHe purified PME except of
0.2 mL aliquot of the supernatant was used in al fassay volume of 1.0 mL and
NaOH (pH 7.5) was used as the buffer (Gordon arh®i2004).

After incubation of the samples for 10 min at%% 200 pL of 5 mg/mL
Purpald in 0.5 N NaOH was added, and the samples wgorously vortexed to
ensure oxygenation. After an additional 30 min@GC3the samples were removed
from the water bath and 0.6 mL ot®l was added for a final volume of 1.0 mL.

absorbance at 550 nm was then determined.
3.4.2.12 Polygalactouronase activity (% loss in \assity)

The polygalcturonase activity (PG) was determingd tbe method
described by Mahadevan and Sridhar (1982) wherestizgme action mixture
consisted of enzyme extract (2 ml) prepared by hingsfruit flesh, 4 ml of
sodium polypectate substrate (dissolving 750 mghefsodium polypectate in
100 ml of acetate buffer, pH 5.2, heated to 50®8®&Ad placed in a blender for
mixing), and 1 ml of acetate buffer. Using Ostwalghe viscometer the content

was mixed by drawing air gently through the large af the viscometer and
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suction was applied through the small arm, andirthial efflux time of mixture
was determined. After 16 hours the efflux timehs mixture was measured again

3.4.3 Sensory evaluation

Sensory quality attributes such as colour, textdieyour and overall
acceptability of apple samples were evaluated hyi-t®ined panel of 10
members drawn from scholars and staff members wision of Post Harvest
Technology, SKUAST-Kashmir, Shalimar (Ranganna,8)98he panellist were
provided with coded samples of apple and were ggdeto note their sensory
responses on the basis of colour, texture, flawma overall acceptability on 5-
pont hedonic scale as under :

5 ; Excellent
4 : Very Good
3 : Good

2 : Fair

1 : Poor

3.5 Economic feasibility estimates

The product formulation involves 2 types of costeas fixed cost and the
other is variable cost. Fixed costs are those whrehrun over many years and
only a part of the services of these assets waeligedt in a single production
period. While as variable costs are those whichtrgeisformed into the ultimate
production during particular season. Thus in otwagion fixed costs are related to
machinery and equipments while as variable cosilu®s expenses on chemicals,

raw materials, packaging materials etc. Estimateddst/benefit ratio.
3.6  Statistical analysis

The data was statistically analysed through R-Soiwising Completely
Randomized Design (CRD) in factorial experimentifiéa and Gomez, 1984).
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Chapter — 4
EXPERIMENTAL FINDINGS

4.1 Physical properties
4.1.1 Fruit Length (mm)

Data pertaining to effect of harvest dates, pos#srtreatments and
storage periods on length of “Red Delicious” appigler ambient conditions is
presented in Table 1. A mean maximum length of 74n2n was observed in,H
and minimum of 72.32 mm in+at 0 days of storage.

Postharvest treatments showed a significant eféectlength. Highest
length of 68.12, 70.36 and 69.77 mm was observedfavhile as T recorded
the lowest mean length of 67.85, 69.88 and 69.20imthree harvest dates;H

H, and H respectively.

There was significant decrease in length duringagi® of 100 days under
ambient conditions. Mean value of length decredsmd 73.55 mm at O days to

62.26 mm after 100 days of storage.

Effect of harvest dates, postharvest treatments storhge periods on
length of “Red Delicious” apple under refrigeratmhditions was studied and is
presented in Table 1. A mean maximum length of 74n2n was observed in,H

and minimum of 72.32 mm in4+at 0 days of storage.

Under refrigerated conditions highest length of.241 72.74 and 72.72
mm was observed forsTwhile as T recorded the lowest mean length of 70.80,
72.19 and 72.00 mm in three harvest dates H. and H, respectively.

Postharvest treatments showed a significant efiedength.

Mean value of length decreased significantly fro8:65 mm at O days to
69.88 mm after 100 days of storage under refrigdrabnditions.
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Table-1:

Effect of harvest dates, post harvest tegments and storage conditions on fruit length (mmpf apple

Harvest Storage Ambientstorage (Days) Refrigerated storage (Days)
dates 0 20 40 60 80 100  Mean 0 20 40 60 80 100  Mean
Treatment
T, 72.32 71.82 7072 67.82 63.82 60.5267.85 72.32 71.92 71.32 70.72 69.82 68.7270.80
T, 72.32 7192 70.82 67.92 63.92 60.6267.92 72.32 7202 71.62 7092 69.92 68.9270.95
’ T, 72.32 7202 71.02 6802 6412 60.8268.05 72.32 7222 71.82 7112 70.12 69.2271.14
! T, 7232 71.92 7092 67.92 64.02 60.7267.97 72.32 7212 7172 71.02 70.02 69.0271.04
Ts 72.32 7202 71.02 6812 6432 60.9268.12 7232 7232 71.92 7122 70.32 69.3271.24
SubMean 7232 7194 7090 6796 64.06 60.72 6798232 7212 7168 71.00 70.04 69.04 71.03
"""""""""""" T, 7421 72.81 7151 7021 67.31 63.2169.88 7421 7351 72.71 7211 7111 70.3172.19
T, 7421 7281 7151 70.31 67.41 63.4169.94 7421 7351 7271 7211 70.31 70.3172.43
’ Ts 7421 7291 7171 7051 67.71 63.7170.13 7421 7371 7291 7231 7171 70.9172.63
2 T, 7421 7291 7161 7051 67.51 63.5170.04 7421 73.61 72.81 7221 7141 70.7172.49
Ts 7421 7401 7181 7071 67.71 63.7170.36 7421 73.71 7311 7231 7191 71.2172.74
____________________ SubMean 7421 7309 71.63 7045 67.53 6351 7007421 73.61 72.85 7221 7129 7069 7248
T, 7412 7272 7152 69.22 66.62 62.3260.20 74.12 73.42 7252 7172 70.82 69.7272.00
T, 7412 7272 7162 69.42 66.42 62.4269.45 7412 73.42 7252 7172 70.82 69.8272.07
’ T, 7412 7292 7172 70.02 66.62 62.6269.67 74.12 73.62 72.72 72.02 71.02 69.9272.24
s T, 7412 7282 71.62 69.12 6652 62.5260.45 74.12 7352 72.62 71.92 70.92 69.9272.17
Ts 7412 7292 71.82 70.12 66.82 62.8269.77 74.12 73.62 7272 72.02 71.02 70.1272.72
____________________ SubMean 7412 7282 7166 69.58 66.60 6254 69.584.12 7352 72.62 7188 7092 6990 72.16
Grand Mean  73.55 72.62 71.40 69.33 66.06 6226 269. 73.55 73.08 7238 7170 70.75 69.88 71.89
"""""""""""""""""""""""" CD (p<0.05) D (pe0.0s)
Harvest (H) = 0.001 Harvest (H) = 0.006
Treatment (T) = 0.002 Treatment (T) = 0.001
HxT = 0.012 HxT = 0.021
Storage (S) = 0.019 Storage (S) = 0.023
HxS = 0.025 HxS = 0.024
HXxSXT = 0.030 HxSxT = 0.029

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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4.1.2 Fruit Diameter (mm)

“Red Delicious” apples were stored under ambienmtddmns and data
pertaining to effect of harvest dates, posthartrestments and storage periods on
diameter is presented in Table 2. A mean maximuammdter of 67.35 mm was

observed in Hand minimum of 66.57 mm inat O days of storage.

Diameter varied significantly in different posthast treatments. Highest
length of 61.81, 62.13 and 62.07 mm was observedfavhile as T recorded
the lowest mean diameter of 60.14, 61.03 and 640.00in three harvest dates,H
H, and H, respectively.

Under ambient conditions, there was significantrel@se in diameter
during storage of 100 days. Mean value of diamé¢ereased from 67.05 mm at
0 days to 52.68 mm after 100 days of storage.

Data pertaining to effect of harvest dates, pos#sr treatments and
storage periods on diameter of “Red Delicious” appinder refrigerated
conditions is presented in Table 2. A mean maxinaismmeter of 67.35 mm was

observed in Hand minimum of 66.57 mm inat 0 days of storage.

Postharvest treatments showed a significant effectliameter. Highest
diameter of 65.15, 65.32 and 65.70 mm was obsdoret; while as T recorded
the lowest mean diameter of 64.27, 64.98 and 6B00In three harvest dates

Hi, H, and H, respectively.

Mean value of length decreased significant fronrD57nm at O days to
62.77 mm after 100 days of storage under ambiemditons.

4.1.3 L/Dratio

Data pertaining to effect of harvest dates, pos#srtreatments and
storage periods on L/D ratio of “Red Delicious” &pnder ambient conditions is
presented in Table 3. A mean maximum L/D ratio .0Blwas observed ingdand

minimum of 1.06 in H at O days of storage.
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Table-2 :

Effect of harvest dates, post harvest tegments and storage conditions on fruit diameter (rm) of apple

Harvest Storage Ambientstorage (Days) Refrigerated storage (Days)
dates 0 20 40 60 80 100  Mean 0 20 40 60 80 100  Mean
Treatment
T, 66.57 65.67 63.57 59.67 56.17 52.1760.14 66.57 65.77 6457 63.67 6277 62.2764.27
T, 66.57 65.67 63.67 59.67 56.27 52.2760.69 66.57 65.87 64.77 63.77 6297 62.2764.37
’ T, 66.57 65.87 63.87 59.87 56.37 52.3760.82 66.57 66.07 64.97 64.17 63.47 62.3764.85
! T, 66.57 65.77 63.77 59.77 56.27 52.2760.74 66.57 65.87 64.87 63.97 63.07 62.3764.45
Ts 66.57 66.07 64.07 59.97 56.70 52.5760.18 66.57 66.17 64.97 64.22 63.70 62.4765.15
SubMean | 66.57 6581 6379 59.79 5631 5233 60.786.57 6595 6483 6396 63.05 6235 6445
"""""""""""" T, 67.35 6535 64.45 60.35 b56.67 53.1561.03 67.35 66.35 6515 64.35 63.65 63.0564.98
T, 67.35 65.75 6455 60.55 56.95 53.1561.38 67.35 66.55 65.25 64.55 63.75 63.1565.10
H, Ts 67.35 66.35 64.75 60.65 57.15 53.3561.60 67.35 66.75 65.35 64.65 63.85 63.2565.20
T, 67.35 66.05 64.75 60.55 57.05 53.1561.48 67.35 66.65 65.25 64.55 63.75 63.1565.12
Ts 67.35 66.45 64.85 60.75 57.50 53.3561.13 67.35 66.85 6555 64.85 63.95 63.3565.32
____________________ SubMean 6735 6597 64.67 6057 57.05 5323 6148735 66.63 6531 6459 6379 6319 6514
T, 67.24 66.24 64.24 60.24 56.34 52.2461.00 67.24 66.54 6534 64.64 63.84 62.4465.00
T, 67.24 66.44 64.34 6044 56.34 52446121 67.24 66.64 6554 6494 63.94 62.6465.16
’ T, 67.24 66.54 64.44 60.64 56.54 52.5461.32 67.24 66.74 6594 6504 64.14 62.9465.34
: T, 67.24 66.44 64.44 6054 56.44 52.4461.26 67.24 66.64 6574 6504 63.84 62.9465.24
Ts 67.24 66.74 64.84 60.94 56.94 52.7462.07 67.24 66.74 66.14 6524 63.34 62.9465.70
____________________ SubMean  67.24 6648 64.42 6052 56.48 5248 61.287.24 66.66 65.74 6504 6382 6278 6521
Grand Mean  67.05 66.09 64.29 60.29 56.61 52.68 181. 67.05 66.41 6529 6453 63.55 62.77 64.94
"""""""""""""""""""""""" CD (p<0.05) D (pe0.0s) T
Harvest (H) = 0.002 Harvest (H) = 0.002
Treatment (T) = 0.005 Treatment (T) = 0.001
HxT = 0.003 HxT = 0.005
Storage (S) = 0.013 Storage (S) = 0.014
HxS = 0.015 HxS = 0.012
HXSXT = 0.004 HxSxT = 0.006

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Table-3:

Effect of harvest dates, post harvest tegments and storage conditions on L/D ratio of ap@

Harvest Storage .. Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 1.06 1.07 1.09 1.09 1.11 1.13 1.09 1.06 1.07 1.08 1.09 1.09 1.08 1.08
To 1.06 1.07 1.09 1.11 1.11 1.13 1.10 1.06 1.07 1.08 1.09 1.09 1.08 1.08
H, Ts 1.06 1.07 1.09 1.11 1.11 1.13 1.10 1.06 1.07 1.08 1.09 1.09 1.09 1.08
T, 1.06 1.07 1.09 1.11 1.11 1.13 1.10 1.06 1.07 1.08 1.09 1.09 1.08 1.08
Ts 1.06 1.07 1.09 1.11 1.11 1.13 1.10 1.06 1.07 1.08 1.09 1.09 1.09 1.08
SubMean 106 107 109 111 111 113 109 106 107 108 109 109 108 108
_______________________ T, 1.07 1.08 1.08 1.13 1.14 1.15 1.11 1.07 1.08 1.09 1.09 1.09 1.09 1.09
T, 1.07 1.08 1.08 1.13 1.14 1.15 1.11 1.07 1.08 1.08 1.09 1.09 1.09 1.08
H, Ts 1.07 1.07 1.08 1.13 1.15 1.15 1.11 1.07 1.08 1.09 1.09 1.09 1.09 1.09
Ta 1.07 1.07 1.08 1.13 1.14 1.15 1.11 1.07 1.08 1.09 1.09 1.09 1.09 1.09
Ts 1.07 1.08 1.08 1.13 1.15 1.17 1.11 1.07 1.07 1.09 1.08 1.09 1.09 1.08
] SubMean 107 108 108 113 114 115 111 107 108 109 109 109 109 108
T, 1.08 1.08 1.09 1.13 1.15 1.16 1.12 1.08 1.08 1.09 1.08 1.09 1.09 1.09
T, 1.08 1.08 1.09 1.13 1.15 1.15 1.11 1.08 1.08 1.09 1.08 1.09 1.09 1.09
H Ts 1.08 1.08 1.09 1.13 1.15 1.16 1.12 1.08 1.08 1.08 1.09 1.09 1.09 1.09
3 Ta 1.08 1.08 1.09 1.13 1.15 1.16 1.12 1.08 1.08 1.09 1.09 1.09 1.09 1.09
Ts 1.08 1.07 1.09 1.14 1.15 1.16 1.12 1.08 1.08 1.08 1.08 1.08 1.09 1.08
] SubMean 108 108 109 113 115 116 111 108 108 109 108 109 109 108
Grand Mean 1.07 107 1.09 112 113 1.5 1.11 1.07 108 108 1.09 1.09 1.09 1.08
"""""""""""""""""""""""" CD(p<00O5)  ¢CD(pc0.OS)y
Harvest (H) = NS Harvest (H) = NS
Treatment (T) = NS Treatment (T) = NS
HxT NS HxT = NS
Storage (S) = NS Storage (S) = NS
HxS = NS HxS = NS
HxSxT = NS HxSxT = NS

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Postharvest treatments showed a significant etiact/D ratio. Highest
L/D ratio of 1.10, 1.11 and 1.12 was observed fgwhile as T recorded the
lowest mean L/D ratio of 1.09, 1.11 and 1.12 ireéhharvest dates;HH> and K

respectively.

There was significant decrease in L/D ratio durgtgrage of 100 days
under ambient conditions. Mean value of L/D ratezidased from 1.07 at O days

to 1.15 after 100 days of storage.

Table 3 gives data pertaining to effect of harvdates, postharvest
treatments and storage periods on L/D ratio of “Reicious” apple under
refrigerated conditions. A mean maximum L/D ratfoldd8 was observed inzH

and minimum of 1.06 in Hat O days of storage.

Ts recorded highest L/D ratio of 1.08, 1.08 and 1.0dswbserved for
while as T recorded the lowest mean L/D ratio of 1.08, 1ad€g 1.09 in three
harvest dates 1 H, and H respectively and postharvest treatments showed a

significant effect on L/D ratio.

There was significant decrease in L/D ratio durgtgrage of 100 days
under refrigerated conditions. Mean value of L/Doaecreased from 1.07 at O
days to 1.09 after 100 days of storage.

4.1.4 Fruit weight (g)

“Red Delicious” apples stored under ambient coodgi were evaluated
and effect of harvest dates, postharvest treatnagritstorage periods was studied
(Table 4). A mean maximum fruit weight of 166.40mgs observed in +Hand
minimum of 164.40 g in Hat O days of storage.

Postharvest treatments showed a significant effie¢truit weight. Highest
fruit weight of 159.00, 160.03 and 159.40 g waseobsd for F while as T
recorded the lowest mean fruit weight of 157.839.45 and 159.10 g in three

harvest dates H1H, and H, respectively.
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Table-4 :

Effect of harvest dates, post harvest tegments and storage conditions on fruit weight (g)atio of apple

Harvest Storage . Ambientstorage (Days) .. Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 164.40 163.40 161.40 158.00 152.40 147.4057.83 164.40 164.10 163.40 163.00 161.40 159.662.65
T, 164.40 163.50 161.60 158.10 152.80 147.6058.00 164.40 164.10 16350 163.10 161.60 159.7a62.73
T, 164.40 163.60 161.90 158.80 152.70 147.9058.70 164.40 164.20 163.80 163.40 161.80 159.9062.92
Ha T, 164.40 163.60 161.80 158.20 152.60 147.8058.07 164.40 164.20 163.60 163.20 161.70 159.8062.82
Ts 164.40 163.90 161.90 158.30 153.80 147.9059.00 164.40 164.30 163.80 163.40 161.90 159.9063.00
Sub Mean 164.40 163.60 161.72 158.18 152.66 147.72 158.05 164.40 164.18 163.62 163.22 161.68 159.78 162.81
"""""""""""" T, 16630 16530 16340 159.30 154.60 147.8059.45 166.30 16590 16490 164.30 163.00 160.8064.20
T, 166.30 16550 163.40 159.50 154.50 149.5059.78 166.30 166.00 165.00 164.50 163.00 160.9064.28
Ts 166.30 165.70 163.70 159.70 154.80 149.7059.98 166.30 166.20 165.20 164.60 162.70 161.0064.20
H. Ta 166.30 165.50 163.50 159.60 154.70 149.6059.87 166.30 166.10 165.00 164.60 162.30 160.9064.33
Ts 166.30 165.80 163.70 159.70 154.80 149.9060.03 166.30 166.20 165.20 164.70 162.80 162.0064.53
Sub Mean 166.30 165.56 163.54 159.56 154.68 149.30 159.82 166.30 166.08 165.06 164.54 162.76 1611216431
"""""""""""" T. 16640 16510 16250 158.60 15340 148.6059.10 16640 16550 164.10 163.40 161.50 160.4063.55
T, 166.40 165.30 162.60 158.60 153.60 148.6059.18 166.40 165.60 164.10 163.50 161.60 160.6063.63
T, 166.40 165.30 162.90 158.90 153.90 148.8059.37 166.40 165.80 164.30 163.60 161.80 160.9063.80
Ha Ty 166.40 165.10 162.80 158.70 153.80 148.7059.25 166.40 165.60 164.20 163.60 161.60 160.7063.68
Ts 166.40 165.40 162.90 158.90 153.90 148.9059.40 166.40 165.80 164.40 163.70 161.80 161.1063.64
Sub Mean 166.40 165.24 162.74 158.74 153.72 148.72 159.26 166.40 165.66 164.22 163.56 161.66 160.74 163.71
""""""""" Grand Mean  166.40 16527 162.83 158.80 153.82 148.78 159.32 166.40 16571 164.28 16362 161.71 160.87 163.76
"""""""""""""""""""""""" CD(p<00O5)  ¢CD(pc0.OS)y
Harvest (H) = 0.123 Harvest (H) = 0.125
Treatment (T) = 0.120 Treatment (T) = 0.123
HxT = 0.123 HxT = 0.122
Storage (S) = 0.118 Storage (S) = 0.117
HxS = 0.116 HxS = 0.113
HxSxT = 0.113 HxSxT = 0.115

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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There was significant decrease in fruit weight dgrstorage of 100 days
under ambient conditions. Mean value fruit weigbtmased from 166.40 g at O

days to 148.78 g after 100 days of storage.

Under refrigerated conditions, a mean maximum fiweight of 166.40 g

was observed in +and minimum of 164.40 g in+at 0 days of storage (Table 4).

Among treatments, highest fruit weight of 163.06453 and 163.80 g
was observed forslwhile as T recorded the lowest mean Fruit weight of 162.65,
164.20 and 163.55 g in three harvest datgdhland H, respectively.

There was significant decrease in fruit weight dgrstorage of 100 days
under ambient conditions. Mean value of fruit we¢igacreased from 166.40 g at

0 days to 160.87 g after 100 days of storage.

4.1.5 Fruit firmness (Ib/inct)

Data presented in Table 5 pertains to the effecthafvest dates,
postharvest treatments and storage periods onfiinmnbess of “Red Delicious”
apple under ambient conditions. A mean maximumt ffiimness of 19.70
Ib/inch? was observed in +and minimum of 18.60 Ib/inéhin H; at 0 days of
storage.

A significant effect of postharvest treatments anitf firmness was
observed. Highest fruit firmness of 17.00, 16.68 &6.25 Ib/inchwas observed
for Ts while as T recorded the lowest mean fruit firmness of 162385 and
15.48 Ib/inchin three harvest dates;HH, and H, respectively.

There was significant decrease in fruit firmnessmdustorage of 100 days
under ambient conditions. Mean value of fruit fimss decreased from 19.23
Ib/inch? at O days to 13.23 Ib/inthfter 100 days of storage.

Table 5 shows data pertaining to the effect of ésindates, postharvest
treatments and storage periods on fruit firmnes@Ref Delicious” apple under
refrigerated conditions. A mean maximum fruit firess of 19.70 Ib/inchwas
observed in ldand minimum of 18.60 Ib/inétin Hz at 0 days of storage.
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Table-5: Effect of harvest dates, post harvest tatments and storage conditions on fruit firmness t/inch?) of apple
Harvest Storage Ambient storage (Days) Refrigerated storage (Days)
dates 0 20 40 60 80 100  Mean 0 20 40 60 80 100  Mean
Treatment
T, 19.70 18.40 16.80 15.40 14.20 12.9016.23 19.70 1890 18.20 17.30 16.20 15.5017.63
T, 19.70 18.40 17.00 15.70 14.60 13.3016.45 19.70 18.90 18.30 17.40 16.20 15.5017.67
Hy Ts 19.70 18.70 17.60 16.20 15.00 13.6016.80 19.70 19.10 18.60 17.60 16.40 15.8017.87
Ts 19.70 18.60 17.40 16.00 14.80 13.4016.65 19.70 19.00 1850 17.40 16.30 15.7017.77
Ts 19.70 18.90 17.70 16.60 15.40 13.7017.00 19.70 19.20 18.70 17.80 16.60 16.0018.00
SubMean  19.70 1860 17.30 1598 14.80 1338 16.639.70 1902 1846 17.50 16.34 1570 17.79
"""""""""""" T, 19.40 17.70 16.10 15.10 13.90 12.9015.85 19.40 18.60 17.50 16.90 16.30 15.7017.40
T, 19.40 17.70 16.20 15.10 13.90 12.9015.87 19.40 18.70 17.60 17.00 16.30 15.7017.45
H Ts 19.40 17.90 16.70 15.60 1450 13.4016.00 19.40 1890 17.90 17.40 16.50 15.9017.67
2 T, 19.40 17.80 16.40 15.30 14.10 13.0016.25 19.40 18.80 17.80 17.10 16.40 15.8017.55
Ts 19.40 18.10 17.10 16.00 15.00 14.2016.63 19.40 18.90 18.10 17.60 16.80 16.3017.85
____________________ SubMean 1940 17.84 1650 1542 1428 1328 1612940 1878 17.78 1720 1646 1588 _17.58
T, 18.60 17.30 16.00 14.80 13.50 12.7015.48 18.60 17.90 17.00 16.40 15.80 15.3016.83
T, 18.60 17.40 16.20 14.90 1350 12.7015.55 18.60 1850 17.00 16.40 1590 15.4016.97
H Ts 18.60 17.60 16,50 15.30 13.80 13.0015.80 18.60 18.10 17.30 16.60 16.10 15.5017.03
8 Ts 18.60 17.40 16.30 15.10 13.60 12.8015.63 18.60 18.10 17.10 16.50 16.00 15.5016.97
Ts 18.60 17.80 16.80 15.70 14.70 13.9016.25 18.60 18.30 17.40 16.70 16.20 15.6017.13
____________________ SubMean  18.60 1750 1636 1516 1382 1302 1574860 1818 1716 1652 16.00 1546 1699
Grand Mean 19.23 17.98 16.72 1552 1430 13.23 166. 19.23 18.66 17.80 17.07 16.27 15.68 17.45
""""""""""""""""""""" cD(p<00O5) . ¢cb(p0.05)
Harvest (H) = 0.315 Harvest (H) = 0.319
Treatment (T) = 0.213 Treatment (T) = 0.213
HxT = 0.119 HxT = 0.116
Storage (S) = 0.221 Storage (S) = 0.225
HxS = 0.220 HxS = 0.226
HxSxT = 0.215 HxSxT = 0.219

T, = Shade cooling (Control);, & Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Highest fruit firmness of 18.00, 17.85 and 17 /Mt was observed for
Ts while as T, recorded the lowest mean fruit firmness of 1716340 and 16.83
Ib/inck? in three harvest dates;HH, and H, respectively and postharvest

treatments showed a significant effect on fruiniiess.

There was significant decrease in fruit firmnessmdustorage of 100 days
under refrigerated conditions. Mean value of ffiihness decreased from 19.23
Ib/inch?at 0 days to 15.68 Ib/inélafter 100 days of storage.

4.1.6 L*a* b* colour (Hunter color Lab)

Data pertaining to effect of harvest dates, pos#sr treatments and
storage periods on Lab values of “Red Deliciougilapnder ambient conditions
is presented in Table 6, 6.1 and 6.2. A mean maxirht1 value of 40.60 was
observed in Kland minimum of 39.00 in Hvhere as maximum a* value of 31.72
was observed in H3 and minimum of 30.50 in H1 drelhigher value b* 16.90
was observed in H1 and lowest value of 15.20 iraH3 days of storage.

Postharvest treatments showed a significant etiedab values. Highest
L* of 43.04, 42.17 and 42.67 was observed fewhile Ts recorded the lowest
mean values of 42.32, 41.35 and 40.96 where asmmuaxia* values of 28.89,
29.06 and 30.03 was observed i) While T, recorded the lowest values of 28.36,
28.52 and 28.86 and; Tecorded maximum b* values of 19.21, 18.23 an®48.
while as 5 showed minimum values of 18.37, 17.87 and 17.2thiee harvest

dates H, H, and H, respectively.

There was significant increase in L* and b* valdesing storage of 100
days under ambient conditions. Mean value incredsed 34.23 and16.10 at O
days to 38.00 and 20.85, respectively while asaties decrease from 31.21 to
27.01 after 100 days of storage.

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on lab values of “Red Deliciougilapunder ambient conditions

is presented in Table 6, 6.1 and 6.2. A mesmximum L* value of 40.62 was
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Table-6 : Effect of harvest dates, post harvest tegments and storage conditions on Colour (L*) of aple

Harvest Storage . Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 40.60 41.21 4250 43.80 44.20 45.9043.04 40.50 40.92 41.70 42.66 4196 42.3041.67
To 4053 41.17 4230 43.70 44.06 45.7242.91 40.62 40.71 41.01 4152 41.83 42.1041.30
H Ts 4055 4110 4221 4350 4390 45.6042.81 40.60 40.65 41.00 41.40 41.62 41.9241.20
! Ts 40.20 41.02 42.06 43.32 43.72 45.4642.63 4056 40.61 40.88 41.25 41.46 41.8041.09
Ts 40.00 40.90 41.10 43.11 4350 45.3042.32 4050 40.55 40.80 41.00 41.30 41.5040.94
SubMean 4033 4108 4203 4349 4388 4560 4274 4056 40.69 4108 4157 4163 4192 4124
________________________ :I:l 39.50 40.25 4150 4286 43.70 44.9042.12 39.20 39.92 4050 41.67 41.93 42.1040.89
T, 39.45 40.16 41.35 4270 43.62 45.7242.17 39.12 39.81 40.41 41.35 41.85 42.0040.76
H, Ts 39.35 40.02 41.22 4255 4310 45.6041.97 39.05 39.85 40.00 40.50 41.00 41.7040.35
Ta 39.22 40.07 41.36 42.63 43.25 45.4642.00 39.00 39.63 39.98 40.27 40.86 41.4340.20
Ts 39.00 39.00 40.40 4131 43.10 45.3041.35 38.90 39.45 39.82 40.18 40.70 41.1040.03
] SubMean 3930 39.90 4117 4241 4335 4540 4182 3905 3073 40.14 4079 4127 4167 4044
T, 39.62 41.22 4190 43.15 4450 45.6042.67 39.35 39.80 40.40 41.00 41.76 42.6040.82
T, 39.56 41.10 41.60 42.70 43.06 44.6542.11 39.20 39.70 40.20 40.96 41.63 42.4040.68
H Ts 39.40 40.70 41.41 4250 43.20 44.3641.93 39.12 39.54 40.05 40.65 41.42 42.2240.50
3 Ta 39.30 41.02 41.00 42.62 4352 44.2041.94 39.10 39.36 40.00 40.35 41.23 41.9240.33
Ts 39.00 3990 40.60 41.21 42.05 43.0040.96 39.00 39.15 39.97 40.10 41.07 41.4640.13
] SubMean  39.38 4079 4130 4244 4327 4436 4192 3015 3051 40.12 4061 4142 4212 4049
Grand Mean 34.23 3466 3540 36.30 36.74 38.00 35.89 34.20 34.47 34.74 3512 3530 3553 34.89
"""""""""""""""""""""""" CD(p<00O5)  ¢CD(pc0.OS)y
Harvest (H) = 0.07 Harvest (H) = 0.05
Treatment (T) = 0.06 Treatment (T) = 0.04
HxT = 0.10 HxT = 0.08
Storage (S) = 0.09 Storage (S) = 0.07
HxS = 0.04 HxS = 0.04
HxSxT = 0.12 HxSxT = 0.10

L* = indicates brightness or lightness (O=black 468 = white)
T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Table-6.1 :

Effect of harvest dates, post harvestdatments and storage conditions on Colour (a*) aiipple

Harvest Storage .. Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 305 29.26 289 28.02 271 26.4 28.36  30.3 29.7 29.5 29 28.7  27.15 29.06
To 3051 294 2898 28.2 27.2 26.6228.49 30.34 299 2955 291 28.9 27.6 29.23
H Ts 30.53 295 29.2 28.32 2735 26.828.62 30.36 29.96 29.63 29.22 29 27.9 29.35
! T, 30.56 29.8 29.5 2855 27.46 26.9628.81 30.4 29.98 29.8 29.36 29.22 28.1 29.48
Ts 30.6 30.02 29.7 28.63 27.26 27.128.89 40.46 30 29.96 29.15 29.36 28.4 31.22
SubMean  30.54 2960 29.26 2834 27.27 2678 2863237 2091 29.69 2917 29.04 27.83 2967
________________________ Tl 315 29.26 28.62 2792 27.3 26.528.52 31.7 31.2 30.55 30 29.6  29.17 30.37
T, 3151 29.3 28.78 27.97 274 26.6228.60 31.74 31.3 30.65 30.1 29.7  29.4530.49
H Ts 31.56 29.44 2892 28.02 279 26.828.77 31.66 31.16 30.73 30.23 29.83 29.2230.47
2 Ta 31.46 29.35 28.8 28 27.35 26.9628.65 31.7 31 30.81 30.46 29.92 29.3 30.53
Ts 31.62 30.02 29.7 28.33 2756 27.129.06 3193 3142 31.05 30.8 30.32 29.8 30.89
____________________ SubMean 3153 2047 2896 2805 27.50 2680 28.73175 3122 30.76 3032 2087 29.39 3055
T, 3152 30.26 299 2822 27.15 26.128.86 31.73 31.23 295 28.67 27.65 27.129.31
T, 31.41 3042 2999 29.05 2825 27.3229.41 31.8 314 29.65 28.8 27.7  27.2529.43
H Ts 31.54 305 30.1 29.72 2855 27.729.69 31.86 3156 29.8 29 28.2 27.42 29.64
3 Ta 31.65 31 30 2955 28.4 27.8629.74 3193 31.65 30 29.46 28.46 27.8329.89
Ts 31.72 31.05 30.5 29.65 29 28.2430.03 32.02 31.76 31 30.21 29.25 28.2730.42
____________________ SubMean 3157 3065 3010 2924 28.27 27.44 2958187 3152 29.99 2923 2825 27.57 2974
Grand Mean 31.21 2991 2944 2854 27.68 27.01 988. 32.00 30.88 30.15 29.57 29.05 28.26 29.99
"""""""""""""""""""""""" CD(p<00O5)  ¢CD(pc0.OS)y
Harvest (H) = 0.08 Harvest (H) = 0.09
Treatment (T) = 0.11 Treatment (T) = 0.13
HxT = 0.13 HxT = 0.15
Storage (S) = 0.14 Storage (S) = 0.16
HxS = 0.05 HxS = 0.07
HxSxT = 0.16 HxSxT = 0.18

a* = indicates chromaticity on green (-ve) to redd) axis

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Table-6.2 :

Effect of harvest dates, post harvestdatments and storage conditions on Colour (b*) oapple

Harvest Storage Ambientstorage (Days) Refrigerated storage (Days)
dates 0 20 40 60 80 100  Mean 0 20 40 60 80 100  Mean
Treatment
T, 16.90 17.95 1870 19.21 2050 22.0019.21 16.95 17.70 17.90 1850 18.93 20.3218.38
T, 16.90 17.95 1850 19.11 20.41 21.8019.11 16.92 17.60 17.80 18.46 18.80 20.0018.26
’ T, 16.85 17.90 1828 19.00 20.11 21.6018.96 16.90 17.52 17.72 1835 18.72 19.9218.19
! T, 16.80 17.85 18.10 18.80 20.00 21.4318.83 16.86 17.41 17.61 18.18 18.40 19.7018.03
Ts 16.85 16.88 17.00 18.71 19.70 21.1018.37 16.80 17.20 17.50 18.06 18.20 19.4117.86
SubMean 1686 1771 1812 1897 20.14 2159 18906.89 1749 1771 1831 1861 19.87 18.14
"""""""""""" T, 15.90 16.90 17.90 18.31 19.30 20.3518.11 1565 16.40 17.22 17.77 1813 18.6217.30
T, 16.10 16.65 17.50 18.13 19.20 21.8018.23 1535 16.66 17.10 17.65 18.00 18.5117.21
H, Ts 16.00 16.30 17.38 18.00 19.11 21.6018.07 1590 16.52 16.92 17.35 17.72 18.3217.12
T, 16.20 16.22 17.46 18.10 19.00 21.4318.07 1581 16.37 16.61 17.14 1750 18.1116.92
Ts 15.85 16.68 17.00 17.91 18.70 21.1017.87 1570 16.22 16.54 16.96 17.31 17.9216.78
____________________ SubMean 1601 1655 17.45 1809 19.06 21.26 18.015.68 16.43 16.88 1737 1773 1830 17.07
T, 15.94 16.95 17.60 18.26 19.25 20.5618.09 1575 16.30 16.90 17.25 18.10 18.9017.20
T, 15.40 16.45 17.30 18.10 19.21 20.1017.76 1540 16.10 16.80 17.15 18.00 18.6017.01
’ T, 1520 16.10 16.88 17.40 18.15 19.5017.21 1528 16.00 16.62 17.00 17.82 18.4216.86
: T, 15.40 16.65 17.10 17.88 18.35 19.4317.47 1512 1592 16.40 16.96 17.52 18.2216.69
Ts 15.20 16.36 17.00 17.60 18.15 18.9017.20 15.00 15.60 16.21 16.76 17.30 18.0016.48
____________________ SubMean 1543 1650 1718 1785 18.62 19.70 1758531 1598 16.59 17.02 17.75 1843 16.85
Grand Mean  16.10 16.92 17.58 1830 19.28 20.85 178. 1596 16.63 17.06 17.57 18.03 18.86 17.35
"""""""""""""""""""""""" CD (p=0.05) D (p=0.05y
Harvest (H) = 0.21 Harvest (H) = 0.18
Treatment (T) = 0.11 Treatment (T) = 0.10
HxT = 0.13 HxT = 0.11
Storage (S) = 0.17 Storage (S) = 0.15
HxS = 0.19 HxS = 0.16
HXSXT = 0.24 HxSxT = 0.20

b* = indicates chromaticity on blue (-ve) to yellgwwe) axis

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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observed in KHand minimum of 39.00 in fwhereas maximum a* value of 32.02
was observed in Hand minimum of 30.30 in Hland the higher value f of

16.95 was observed in;knd lowest of 15.00 in 4t 0 day of storage.

Postharvest treatments showed a significant etfiediab values. Highest
L* of 41.67, 40.89 and 40.82 was observed fowhile as F recorded the lowest
mean of 40.94, 40.03 and 40.13 where as maximuwalates of 31.22, 30.89 and
30.42 was observed ins vhile as T recorded the lowest values of 29.06, 30.37
and 29.31 andilrecorded maximum b* values of 18.38, 17.30 an@@ While as
Ts showed minimum values of 17.86, 16.78 and 16.d48&hiee harvest dates H

H, and H, respectively.

There was significant increase in L* and b* valgesing storage of 100
days under refrigerated conditions. Mean valueeiased from 34.20 and 15.96 at
0 days to 35.53 and 18.86 respectively, while dties decreased from 32.00 to
28.26 after 100 days of storage.

4.1.7 Rotincidence (%)

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on per cent rot incidence of “Reticidus” apple under ambient
conditions is presented in Table 7. A mean maxinpgncent rot incidence of
0.00 was observed in all harvest dates at 0 dag®adge.

T1 recorded the highest per cent rot incidence d,11444 and 1.57 while
as Ts recorded the lowest mean per cent rot incidence.@f, 1.07 and 1.13 in
three harvest dates;HH, and R, respectively. Postharvest treatments showed a

significant effect on per cent rot incidence.

There was significant increase in per cent rotdecce during storage of
100 days under ambient conditions. Mean value af gt rot incidence
increased from 0.00 at 0 days to 3.86 after 108 dégtorage.

Table 7 gives data pertaining to effect of harvdates, postharvest

treatments and storage periods on per cent ratence of “Red Delicious” apple
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Table-7 :

Effect of harvest dates, post harvest tegments and storage conditions on rot incidence (Y@Qf apple

Harvest Storage . Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment

T, 0.00 0.31 0.81 1.31 2.41 4.11 1.49 0.00 0.13 0.31 0.81 1.41 191 0.76
To 0.00 0.21 0.81 1.31 2.41 4.01 1.46 0.00 0.11 0.12 0.71 1.41 191 0.71
H, Ts 0.00 0.11 0.61 0.91 1.91 3.61 1.19 0.00 0.00 0.11 0.51 1.21 1.71 0.59
T, 0.00 0.11 0.61 1.01 1.91 3.71 1.23 0.00 0.01 0.13 0.61 1.21 1.71 0.61
Ts 0.00 0.11 0.41 0.61 1.31 3.61 1.01 0.00 0.01 0.01 0.51 1.11 1.51 0.53
SubMean 000 017 065 103 199 381 128 000 005 014 063 127 175 064
_______________________ T, 0.00 0.20 0.70 1.30 2.40 4.00 1.44 0.00 0.10 0.40 0.90 1.30 1.80 0.75
T, 0.00 0.20 0.70 1.30 2.40 3.80 1.40 0.00 0.10 0.30 0.90 1.30 1.70 0.72
H Ts 0.00 0.00 0.50 0.80 2.00 3.60 1.15 0.00 0.00 0.10 0.50 1.20 1.50 0.55
2 Ta 0.00 0.10 0.50 1.00 2.10 3.80 1.25 0.00 0.01 0.21 0.71 1.21 151 0.61
Ts 0.00 0.00 0.30 0.80 1.80 3.50 1.07 0.00 0.01 0.11 0.51 1.11 1.41 0.53
] SubMean 000 010 054 104 214 374 126 000 005 023 071 123 159 _ 063
T, 0.00 0.32 0.82 1.42 2.52 4.32 157 0.00 0.12 0.32 0.92 1.52 1.22 0.68
T, 0.00 0.22 0.82 1.42 2.52 422 1.53 0.00 0.12 0.22 0.92 1.62 1.82 0.78
H Ts 0.00 0.12 0.72 1.02 1.72 3.92 1.25 0.00 0.02 0.12 0.62 1.32 1.72 0.63
3 Ta 0.00 0.12 0.72 1.12 2.02 4.02 1.33 0.00 0.02 0.12 0.72 1.32 1.72 0.65
Ts 0.00 0.12 0.52 0.72 1.72 3.72 1.13 0.00 0.02 0.12 0.52 1.22 1.62 0.58
] SubMean 000 018 072 114 210 404 136 000 006 018 074 140 162 067
Grand Mean 0.00 0.15 064 1.07 2.08 3.86 1.30 0.00 005 0.18 069 130 1.65 0.65
"""""""""""""""""""""""" CD(p<005)  ¢CcDb(pc00)

Harvest (H) = 0.054 Harvest (H) = 0.043

Treatment (T) = 0.010 Treatment (T) = 0.012

HxT = 0.006 HxT = 0.004
Storage (S) = 0.025 Storage (S) = 0.022
HxS = 0.021 HxS = 0.019
HxSxT = 0.018 HxSxT = 0.020

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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under refrigerated conditions. A mean maximum pantcot incidence of 0.00

was observed in all harvest dates at O days chgdor

Postharvest treatments showed a significant effatt Percent Rot
incidence. Highest per cent rot incidence of307.75 and 0.78 was observed
for T, while as F recorded the lowest mean per cent rot incideot8.53, 0.53
and 0.58 in three harvest dates H, and H respectively.

Mean value of per cent rot incidence increasedifstgntly from 0.00 at O

days to 1.65 after 100 days of storage under egfitgd conditions.
4.1.8 Physiological loss in weight (%)

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on physiological loss in weightRé&d Delicious” apple under
ambient conditions is presented in Table 8. A mmaximum physiological loss

in weight of 0.00 per cent was observed in all batvates at O day of storage.

Postharvest treatments showed a significant efflegihysiological loss in
weight. Highest physiological loss in weight of 8,B.43 and 8.45 per cent was
observed in Twhile as T recorded the lowest mean physiological loss ingivei
of 8.29, 8.06 and 8.27 per cent in three harvestsdd, H, and H, respectively.

There was significant increase in physiologicalslas weight during
storage of 100 days under ambient conditions. Meafue of Percent
physiological weight loss increased from 0.00 partat O day to 16.55 per cent
after 100 days of storage.

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on physiological loss in weightRé&d Delicious” apple under
refrigerated conditions is presented in Table 8ndan maximum physiological
loss in weight of 0.00 per cent was observed inhalivest dates at O days of

storage.
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Table-8 : Effect of harvest dates, post harvest tegments and storage conditions on rot Physiologicébss in weight (%) of apple

Harvest Storage . Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 0.00 3.57 7.67 10.47 13.67 17.07 8.74 0.00 1.67 2.47 3.67 4.87 5.97 3.11
To 0.00 3.47 7.67 10.37 13.47 17.07 8.68 0.00 1.57 2.37 3.57 4.67 577 2.99
H Ts 0.00 3.17 7.47 10.27 13.47 16.97 8.56 0.00 1.47 2.37 3.57 4.57 5.67 294
! T, 0.00 2.77 7.07 10.07 13.07 16.77 8.29 0.00 1.47 2.17 3.17 4.57 5.67 2.84
Ts 0.00 3.07 7.37 1.27 13.47 16.97 7.03 0.00 1.37 2.17 3.07 4.27 557 2.74
SubMean 000 321 745 849 1343 1697 826 000 151 231 341 459 573 293
______________________ T, 0.00 3.35 755 10.25 13.05 16.358.43 0.00 1.55 2.35 3.35 4.65 5.35 2.88
T, 0.00 3.25 7.45 10.15 13.05 16.25 8.36 0.00 1.55 2.25 3.25 4.55 5.25 2.81
H Ts 0.00 3.15 735 10.05 1295 16.358.31 0.00 1.45 2.25 3.25 4.55 5.25 2.79
2 Ta 0.00 3.05 7.35 9.75 12.85 16.15 8.19 0.00 1.35 2.15 3.15 4.45 5.15 2.71
Ts 0.00 2.95 7.05 955 12.75 16.05 8.06 0.00 1.25 2.05 3.05 4.25 5.05 2.61
] SubMean 000 315 7.35 995 1293 1623 827 000 143 221 321 449 521 276
T, 0.00 3.26 7.36 10.36 13.16 16.56 8.45 0.00 1.36 2.26 3.46 4.76 5.66 2.92
T, 0.00 3.16 7.26 10.36 13.16 16.56 8.42 0.00 1.36 2.16 3.36 4.66 5.56 2.85
H Ts 0.00 3.06 7.16 10.26 12.96 16.46 8.32 0.00 1.26 2.16 3.36 4.66 5.56 2.83
3 Ta 0.00 2.96 7.16 10.16 1296 16.36 8.27 0.00 1.26 2.06 3.26 4.56 5.46 2.77
Ts 0.00 2.86 786 10.16 12.76 16.36 8.33 0.00 1.06 2.06 3.06 4.36 5.46 2.67
] SubMean 000 306 7.36 10.26 1300 1646 836 000 126 214 330 460 554 281
Grand Mean 0.00 314 739 957 1312 16,55 8.29 0.00 140 222 331 456 549 2.83
"""""""""""""""""""""""" CD(p<005)  ¢CcDb(pc00)
Harvest (H) = 0.015 Harvest (H) = 0.015
Treatment (T) = 0.017 Treatment (T) = 0.013
HxT = 0.105 HxT = 0.106
Storage (S) = 1.004 Storage (S) = 1.004
HxS = 1.005 HxS = 1.007
HxSxT = 1.035 HxSxT = 1.028

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Postharvest treatments showed a significant efflegihysiological loss in
weight. Highest physiological loss in weight of B.2.88 and 2.92 per cent was
observed in Twhile Ts recorded the lowest mean physiological loss inghveof
2.74, 2.61 and 2.67 per cent in three harvessddateH, & Hs, respectively.

There was significant increase in physiologicalslas weight during
storage of 100 days under refrigerated conditidsan value of physiological
loss in weight increased from 0.00 per cent at Ysda 5.49 per cent after 100

days of storage.
4.2 Chemical properties
4.2.1 Moisture content (%)

Among three harvest dates studied, a mean maxinaurogmt moisture of
82.60 was observed imknd minimum of 80.89 in Hat 0 days of storage (Table
9).

There was a significant effect of postharvest mesits on per cent
moisture. Highest per cent moisture of 75.1300%nd 74.17 was observed in
Ts, while T; recorded the lowest mean per cent moisture @&2{44.51 and

73.96 in three harvest dateg, H, and H, respectively.

There was significant increase in per cent moistiuneng storage of 100
days under ambient conditions. Mean value of pat o®isture increased from
81.78 at 0 days to 65.98 after 100 days of storage.

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on per cent moisture of “Red Dmli€i apple under refrigerated
conditions is presented in Table 9. A mean maxinm@mcent moisture of 82.60

was observed in Hand minimum of 80.89 in at 0 day of storage.

Postharvest treatments showed a significant effacper cent moisture.
Highest per cent moisture of 79.33, 79.57 an8Y&as observed inswhile as
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Table-9 :

Effect of harvest dates, post harvest tegments and storage conditions on moisture conten{%) of apple

Harvest Storage Ambientstorage (Days) Refrigerated storage (Days)
dates 0 20 40 60 80 100  Mean 0 20 40 60 80 100  Mean
Treatment
T, 82.60 79.80 77.30 74.00 69.60 65.6074.82 82.60 81.10 79.20 70.20 77.70 76.6077.90
T, 82.60 79.90 77.40 74.00 69.70 65.7074.88 82.60 80.90 78.90 78.00 77.40 76.4079.03
’ T, 82.60 80.20 77.60 7410 69.90 65.9075.05 82.60 81.00 79.10 78.10 77.60 76.6079.17
! T, 82.60 80.10 77.50 74.10 69.80 65.8074.98 82.60 81.00 79.00 78.00 77.50 76.5079.10
Ts 82.60 80.20 77.80 74.20 70.00 66.0075.13 82.60 81.20 79.30 78.30 77.80 76.8079.33
Sub Mean 82.60 80.04 7752 74.08 6980 6580 74.982.60 8104 7v9.10 7652 77.60 76.58 7891
"""""""""""" T, 81.84 79.44 76.64 73.04 69.84 66.247451 8184 8094 7954 7854 77.84 77.0479.29
T, 81.84 79.54 76.64 73.04 6994 66.347456 81.84 81.14 79.64 78.74 78.04 77.1479.42
H, Ts 81.84 79.74 76.84 73.24 70.14 66.6474.74 81.84 8124 79.84 78.94 7824 77.2479.56
T, 81.84 79.64 76.74 73.14 70.04 66.4474.64 81.84 81.14 79.74 78.84 78.14 77.2479.49
Ts 81.84 79.84 76.84 73.34 70.14 66.8475.00 81.84 81.34 79.94 78.74 7824 77.3479.57
____________________ SubMean 8184 79.64 7674 7316 70.02 6650 7468184 81.16 79.74 7876 7810 77.20 79.47
T, 80.80 78.89 76.39 7249 6959 65.4973.96 80.89 80.09 77.09 79.09 77.79 76.7978.62
T, 80.89 78.99 7599 72.69 6959 65.5973.96 80.89 80.19 77.19 79.09 77.89 76.8978.69
’ T, 80.89 79.09 76.19 72.89 69.69 65.6974.07 80.89 79.89 78.99 78.89 77.69 76.5978.82
: T, 80.89 78.99 76.09 7279 69.69 65.5974.01 80.89 79.89 78.80 78.79 77.59 76.4978.76
Ts 80.89 79.09 76.39 72.99 69.79 65.8974.17 80.89 79.99 79.09 78.99 77.69 76.6978.89
____________________ SubMean 8089 79.01 7621 7277 69.67 6565 74.08089 80.01 7825 7897 7773 76.69 78.76
Grand Mean  81.78 79.56 76.82 73.34 69.83 6598 5B4. 81.78 80.74 79.03 78.08 77.81 76.82 79.04
"""""""""""""""""""""""" CD (p<0.05) D (pe0.0s)
Harvest (H) = 0.013 Harvest (H) = 0.003
Treatment (T) = 0.008 Treatment (T) = 0.006
HxT = 0.026 HxT = 0.023
Storage (S) = 0.106 Storage (S) = 0.107
HxS = 0.102 HxS = 0.109
HXSXT = 0.114 HxSxT = 0.103

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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T, recorded the lowest mean per cent moisture &0779.29 and 78.62 in three

harvest dates H1H, and H respectively.

Mean value of per cent moisture increased from&8at70 days to 76.82
after 100 days of storage. There was significanteiase in per cent moisture

during storage of 100 days under refrigerated dmnd.
4.2.2 Total soluble solids°Brix)

Effect of harvest dates, postharvest treatmentsstordge periods on TSS
of “Red Delicious” apple under ambient conditionsswstudied and data is
presented in Table 10. A mean maximum TSS of 12ZB8i& was observed in

and minimum of 14.17Brix in H; at O day of storage.

A significant effect of postharvest treatments wasserved on TSS.
Highest TSS of 16.39, 16.13 and 16.®rix was observed for T while Ts
recorded the lowest mean TSS of 15.70, 15.35 antbfBrix in three harvest

dates H, H, and H, respectively.

There was significant increase in TSS during s®rafj100 days under
ambient conditions. Mean value of TSS increasenh fig.46°Brix at O days to
17.92°Brix after 100 days of storage.

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on TSS of “Red Delicious” appleannéfrigerated conditions is
presented in Table 10. A mean maximum TSS of 1288 was observed in H

and minimum of 14.17Brix in H; at O day of storage.

Postharvest treatments showed a significant efflediSS. Highest TSS of
15.09, 15.33 and 16.1°Brix was observed for j;Twhile Ts recorded the lowest
mean TSS of 14.40, 14.80 and 15°85ix in three harvest dates;HH, and H,

respectively.

6_7|



Table-10:  Effect of harvest dates, post harvest éatments and storage conditions on TSS contentBfix) of apple
Harvest Storage . Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100  Mean 0 20 40 60 80 100  Mean
Treatment
T, 14.17 1517 1597 16.87 17.77 18.3716.39 14.17 14.67 15.07 1547 16.07 16.5015.09
T, 14.17 1477 1547 16.37 17.47 18.1716.07 14.17 1447 1487 1527 1587 16.2014.93
H Ts 14.17 14.67 1517 16.17 17.27 17.7715.87 14.17 14.27 1457 1497 1537 15.6014.67
! T, 14.17 1477 1547 16.57 17.47 18.0716.09 14.17 1457 14.97 1537 1577 16.1014.97
Ts 14.17 14.47 1527 16.07 16.77 17.471570 14.17 1427 1447 1477 15.07 16.0214.40
SubMean 1417 1477 1547 1641 17.35 17.97 1602 1417 1445 1479 1517 1563 1602 1504
_______________________ T, 14.38 14.98 1558 16.38 17.28 18.1816.13 14.38 14.88 15.18 15.38 15.88 16.3015.33
T, 14.38 1478 1538 16.08 16.88 17.8815.90 14.38 14.68 15.08 15.18 15.68 16.0015.17
H, Ts 14.38 14.48 1498 1528 16.48 17.381550 14.38 14.48 14.88 15.08 15.38 15.6014.97
T, 1438 14.68 1518 16.08 16.68 17.5815.76 14.38 14.68 15.18 15.38 15.58 15.9015.18
Ts 14.38 1458 1458 15.38 16.18 16.9815.35 14.38 14.78 14.98 15.18 15.38 15.4014.80
] SubMean  14.38 1470 1514 1584 1670 17.60 1573 14.27 1456 1491 1520 1558 1584 1506
T, 14.84 1574 1654 17.34 18.14 18.8416.91 14.84 1534 1594 16.34 17.14 17.4016.17
T, 14.84 1574 1624 17.04 17.84 18.5416.71 14.84 1524 1574 16.24 16.94 17.2016.03
H Ts 14.84 1534 16.04 16.54 17.14 17.6416.26 14.84 15.04 15.34 1574 16.24 16.3015.58
* T, 14.84 1554 16.34 17.14 17.74 18.4416.67 14.84 1534 1584 16.34 16.84 17.0016.03
Ts 14.84 1524 1584 16.54 17.04 17.4416.16 14.84 15.04 1524 1554 1594 16.1015.45
] SubMean  14.84 1552 1620 1692 17.58 1818 1654 14.84 1520 1562 16.04 1662 16.80 1585
Grand Mean 14.46 1500 1560 16.39 17.21 17.92 16.10 14.43 1474 1511 1547 1594 16.22 15.32
""""""""""""""""""""""""" CD(p<005 . cCD(p005)
Harvest (H) = 0.266 Harvest (H) = 0.283
Treatment (T) = 0.209 Treatment (T) = 0.219
HxT = 0.328 HxT = 0.323
Storage (S) = 0.312 Storage (S) = 0.305
HxS = 0.223 HxS = 0.219
HxSXT = 0.259 HxSxT = 0.237

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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During storage of 100 days under refrigerated damt, there was a
significant increase in TSS. Mean value of TSSdased from 14.43Brix at 0
day to 16.22Brix after 100 days of storage.

4.2.3 Acidity (%)

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on acidity of “Red Delicious” appleder ambient conditions is
depicted in Table 11. A mean maximum acidity of6@.per cent was observed in

H; and minimum of 0.330 per cent i At O days of storage.

Postharvest treatments showed a significant efbectacidity. Highest
Acidity of 0.335, 0.327 and 0.295 per cent was oles for Ts while as T
recorded the lowest mean Acidity of 0.294, 0.288 8.267 per cent in three

harvest dates H1H, and H respectively.

There was significant decrease in acidity duriroyegje of 100 days under
ambient conditions. Mean value of acidity decredsmuh 0.348 per cent at 0 days

to 0.239 per cent after 100 days of storage.

Acidity of “Red Delicious” apple under refrigeratedonditions as
influenced by harvest dates, postharvest treatmants storage periods was
studied and data presented in Table 11. A meanmuami acidity of 0.364 per

cent was observed inldnd minimum of 0.330 per cent irg At O days of storage.

Postharvest treatments showed a significant efectacidity. Highest
acidity of 0.344, 0.340 and 0.312 per cent waseokesl in § while as |
recorded the lowest mean acidity of 0.324, 0.34d @.286 per cent in three

harvest dates H1H, and H, respectively.

There was significant decrease in acidity durirayagje of 100 days under
refrigerated conditions. Mean value of acidity @éased from 0.348 per cent at 0
days to 0.280 per cent after 100 days of storage.
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Table-11 :

Effect of harvest dates, post harvest@atments and storage conditions on acidity (%) ofgple

Harvest Storage . Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 0.363 0.347 0.314 0.277 0.248 0.2160.294 0.364 0.349 0.338 0.316 0.304 0.2740.324
To 0.363 0.349 0.318 0.281 0.257 0.2380.301 0.364 0.349 0.343 0.328 0.319 0.2850.331
H Ts 0.363 0.359 0.341 0.312 0.288 0.2620.321 0.364 0.354 0.349 0.340 0.323 0.3150.341
! Ts 0.363 0.356 0.337 0.304 0.279 0.2550.316 0.364 0.351 0.344 0.334 0.320 0.3060.337
Ts 0.363 0.357 0.344 0.338 0.317 0.2920.335 0.364 0.354 0.351 0.343 0.331 0.3210.344
SubMean 0363 0354 0331 0302 0278 0253 0.313 0364 0351 0345 0332 0319 0300 0.335
________________________ :I:l 0.351 0.335 0.320 0.288 0.267 0.2270.298 0.351 0.343 0.335 0.296 0.283 0.2770.314
T, 0.351 0.339 0.322 0.295 0.272 0.2360.303 0.351 0.345 0.338 0.302 0.294 0.2870.320
H, Ts 0.351 0.345 0.340 0.315 0.292 0.2650.318 0.351 0.347 0.343 0.335 0.327 0.3200.337
Ta 0.351 0.342 0.335 0.310 0.285 0.2600.314 0.351 0.346 0.341 0.332 0.321 0.3100.334
Ts 0.350 0.347 0.342 0.320 0.305 0.2980.327 0.350 0.348 0.345 0.339 0.332 0.3270.340
] SubMean 0351 0342 0332 0306 0284 0257 0312 0351 0346 0340 0321 0311 0304 0329
T, 0.330 0.316 0.275 0.254 0.225 0.2000.267 0.330 0.320 0.310 0.273 0.256 0.2290.286
T, 0.330 0.318 0.281 0.260 0.229 0.2030.270 0.330 0.322 0.312 0.278 0.260 0.2330.289
H Ts 0.330 0.319 0.383 0.262 0.232 0.2050.289 0.330 0.325 0.316 0.284 0.267 0.2380.293
3 Ta 0.330 0.321 0.288 0.266 0.235 0.2080.275 0.330 0.323 0.314 0.281 0.263 0.2340.291
Ts 0.330 0.322 0.391 0.270 0.239 0.2170.295 0.330 0.325 0.318 0.387 0.269 0.2410.312
] SubMean 0330 0319 0324 0262 0232 0207 0279 0330 0323 0314 0301 0263 0235 0294
Grand Mean 0.348 0.338 0.329 0.290 0.265 0.239 0.301 0.348 0.340 0.333 0.318 0.298 0.280 0.320
"""""""""""""""""""""""" CD(p<005)  ¢CcDb(pc00)
Harvest (H) = 0.014 Harvest (H) = 0.012
Treatment (T) = 0.015 Treatment (T) = 0.013
HxT = 0.012 HxT = 0.016
Storage (S) = 0.011 Storage (S) = 0.010
HxS = 0.016 HxS = 0.014
HxSxT = 0.015 HxSxT = 0.012

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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4.2.4 Total sugars (%)

Table 12 shows the effect of harvest dates, postkartreatments and
storage periods on total sugars of “Red Deliciowgple under ambient
conditions. A mean maximum total sugars of 10.26qgeat were observed inzH

and minimum of 9.40 per cent in ldt O day of storage.

Postharvest treatments showed a significant effiedbtal sugars. Highest
total sugars of 11.80, 12.57 and 13.03 per cenewdserved in [ while Ts
recorded the lowest mean total sugars of 10.77,714nd 11.69 per cent in three

harvest dates £1H, and H, respectively.

During storage of 100 days under ambient conditiotieere was
significant increase in total sugars. Mean valuetdl sugars increased from 9.83

per cent at 0 day to 13.75 per cent after 100 dagtorage.

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on total sugars of “Red Delicioagple under refrigerated
conditions is presented in Table 12. Mean maximotal sugars of 10.26 per cent

were observed in Hand minimum of 9.40 per cent in ldt O day of storage.

Among various treatments highest total sugars 023,000.65 and 11.03
per cent were observed in, while Ts recorded the lowest mean total sugars of
9.72, 9.99 and 10.38 per cent in three harvessddteH, and H, respectively

and postharvest treatments showed a significaatteff

There was significant increase in total sugarsrdusgtorage of 100 days
under refrigerated conditions. Mean value of tetajars increased from 9.83 per
cent at 0 day to 10.79 per cent after 100 daysoodge.

4.2.5 Juice content (%)

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on juice content (%) of “Red Delisl’ apple under ambient

conditions is presented in Table 13. A mean marinuice content of 59.50 per
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Table-12 :

Effect of harvest dates, post harvest@atments and storage conditions on total sugars (%f apple

Harvest Storage .. Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 940 10.50 11.40 12.30 13.20 14.0011.80 9.40 9.70 10.00 10.40 10.80 11.1010.23
To 940 10.20 11.30 12.10 12.90 13.6011.58 9.40 9.60 9.90 10.10 10.30 10.60 9.98
H Ts 9.40 10.00 10.90 11.60 12,50 13.0011.23 9.40 9.60 9.70 990 10.20 10.30 9.85
! T, 9.40 990 10.90 11.70 12,50 13.1011.25 9.40 9.70 9.80 10.10 10.30 10.50 9.97
Ts 9.40 9.70 10.30 11.00 11.80 12.4010.77 9.40 9.50 9.70 9.80 9.90 10.00 9.72
SubMean 940 1006 1096 1174 1258 1322 1133.409 9.62 982 1006 1030 1050 _ 9.95
________________________ :I'l 9.82 11.12 1252 13.32 14.02 14.6212.57 9.82 10.02 1042 10.92 11.22 11.5210.65
T, 9.82 10.82 12.02 1292 13.62 14.1212.22 9.82 10.02 10.32 10.52 10.72 10.9210.39
H, Ts 9.82 1052 11.32 12.22 12.82 13.4211.69 9.82 9.92 10.32 1052 10.62 10.7210.32
Ta 9.82 10.42 11.22 1212 12.82 13.3211.62 9.82 10.02 10.22 10.42 10.62 10.8210.32
Ts 9.82 10.02 10.72 1152 12.12 12.8211.17 9.82 9.82 9.92 10.02 10.12 10.22 9.99
____________________ SubMean  9.82 1058 1156 1242 1308 1366 1185829 9.96 1024 1048 1066 10.84 1033
T, 10.26 1156 1296 14.06 14.46 14.8613.03 10.26 10.56 1096 11.16 11.46 11.7611.03
T, 10.26 1126 12.36 13.06 13.96 14.6612.59 10.26 10.36 10.56 10.76 10.96 11.1610.68
H Ts 10.26 10.76 12.06 12.66 13.46 14.1612.23 10.26 10.36 10.46 10.56 10.66 10.8610.53
3 Ta 10.26 10.86 12.16 13.06 13.86 14.3612.43 10.26 10.26 10.46 10.66 10.76 10.8610.54
Ts 10.26 10.26 11.06 1196 12.86 13.7611.69 10.26 10.26 10.36 10.36 10.46 10.5610.38
____________________ SubMean 1026 1094 1212 1296 1372 14.36 12.380.26 1036 1056 1070 1086 11.04 1063
Grand Mean 9.83 10.53 1155 12.37 13.13 13.75 $1.8 9.83 9.98 10.21 1041 10.61 10.79 10.30
"""""""""""""""""""""""" CD(p<00O5)  ¢CD(pc0.OS)y
Harvest (H) = 0.213 Harvest (H) = 0.209
Treatment (T) = 0.207 Treatment (T) = 0.205
HxT = 0.114 HxT = 0.125
Storage (S) = 0.316 Storage (S) = 0.319
HxS = 0.322 HxS = 0.324
HxSxT = 0.221 HxSxT = 0.219

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Table-13 :

Effect of harvest dates, post harvest@atments and storage conditions on juice content (Yof apple

Harvest Storage Ambientstorage (Days) Refrigerated storage (Days)
dates 0 20 40 60 80 100  Mean 0 20 40 60 80 100  Mean
Treatment
T, 59.20 58.10 52.60 50.20 42.00 37.3049.90 59.20 58.60 56.80 52.80 50.60 49.0054.50
T, 59.20 58.30 52.60 50.20 42.00 37.3049.93 59.20 58.80 56.80 52.90 50.60 49.0054.55
H, T, 59.20 58.70 52.80 50.40 42.20 37.5050.13 59.20 58.80 57.00 53.00 50.80 49.2054.67
T, 59.20 58.60 52.80 50.30 42.20 37.4050.08 59.20 59.00 57.10 53.10 50.90 49.6054.82
Ts 59.20 58.80 52.90 50.40 42.30 37.6050.20 59.20 59.00 57.10 53.10 51.60 49.7054.87
Sub Mean ! 59.20 5850 52.74 50.30 42.14 3742 50.059.20 58.80 56.93 5295 50.73 49.20 54.63
"""""""""""" T, 59.50 5850 82.40 50.50 42.40 37.3050.10 59.50 59.30 57.30 53.60 51.40 50.1055.20
T, 59.50 58.50 52.40 50.60 42.40 37.3050.12 59.50 59.30 57.30 53.60 51.40 50.1055.20
H, Ts 59.50 59.00 52.50 50.70 42.60 37.5050.30 59.50 59.40 57.50 53.70 51.60 50.3055.33
T, 59.50 58.80 52.50 50.60 42.60 37.4050.23 59.50 59.40 57.70 53.80 51.70 50.5055.43
Ts 59.50 59.00 52.50 50.80 42.70 37.5050.33 59.50 59.40 57.70 53.80 51.70 50.8055.48
____________________ SubMean 5950 5876 5846 50.64 42.54 3740 51.239.50 59.36 57.50 53.70 5156 5036 5533
T, 59.20 58.40 52.30 49.40 41.50 36.8049.60 59.20 58.60 56.70 53.10 50.70 48.9054.53
T, 59.20 58.40 52.40 49.40 41.40 36.8049.60 59.20 58.70 56.70 53.10 50.80 48.9054.57
’ T, 59.20 58.70 52.60 49.60 41.70 37.0049.80 59.20 58.70 56.80 53.20 50.80 49.0054.62
: T, 59.20 5850 52.50 49.50 41.60 36.9049.70 59.20 58.80 56.80 53.30 50.90 49.1054.68
Ts 50.20 58.70 52.60 49.60 41.70 37.0049.80 59.20 58.80 56.80 53.40 50.90 49.1054.70
____________________ SubMean ~ 59.20 5854 52.48 4950 41.58 3690 49.769.20 58.72 56.76 53.22 5082 49.00 54.62
Grand Mean  59.30 58.60 54.56 50.15 42.09 37.24 330. 59.30 58.96 57.06 5329 51.04 49.52 54.86
""""""""""""""""""""""""" CD (p<0.05) D (p0.05) T
Harvest (H) = 0.319 Harvest (H) = 0.309
Treatment (T) = 0.121 Treatment (T) = 0.113
HxT = 0.425 HxT = 0.428
Storage (S) = 0.678 Storage (S) = 0.648
HxS = 0.679 HxS = 0.667
HxSXT = 0.546 HxSxT = 0.532

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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cent was observed inatdnd minimum of 59.20 per cent irf ldnd H at O day of

storage.

Postharvest treatments showed a significant eftectjuice content.
Highest juice content of 50.20, 50.33 and 49.80 g1t was observed forsT
while as T recorded the lowest mean juice content of 4%9010 and 49.60 per

cent in three harvest dates, Hl, and H, respectively.

There was significant decrease in juice contenindustorage of 100 days
under ambient conditions. Mean value of juice contkecreased from 59.30 per
cent at 0 days to 37.24 per cent after 100 dagsooage.

Data pertaining to effect of harvest dates, pos#sr treatments and
storage periods on juice content of “Red Delicioagple under refrigerated
conditions is presented in Table 13. A mean maxinuioe content of 59.50 per
cent was observed inldnd minimum of 49.20 per cent in ldAnd H at O days of

storage.

In three harvest dates;HH, and H highest juice content of 54.87, 55.48
and 54.70 per cent was observed i while T, recorded the lowest mean juice
content of 54.50, 55.20 and 54.53 per cent, res@dgt Postharvest treatments
showed a significant effect on juice content.

A significant decrease in juice content during atgr of 100 days under
ambient conditions was observed. Mean value ofejuiontent decreased from
59.30 per cent at 0 days to 49.52 per cent afterddys of storage.

4.2.6 Calcium content (mg/1009)

“Red Delicious” apples were stored under ambienddmns and effect of
harvest dates, postharvest treatments and stosagel® on calcium content was
studied (Table 14). Mean maximum calcium of 6.90 gant was observed in;H
and minimum of 6.70 per cent ingldt O day of storage.
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Postharvest treatments showed a significant efdectcalcium content.
Highest calcium of 7.05, 6.97 and 6.87 per cent alzserved in §while as T
recorded the lowest meagalcium content of 6.98, 6.92 and 6.82 per cent in

three harvest dates;H, and H, respectively.

There was significant increase in total calciumirdyistorage of 100 days
under ambient conditions. Mean value of total cedciincreased from 6.70 per

cent at 0 days to 7.05 per cent after 100 daysoodge.

Effect of harvest dates, postharvest treatments sdachge periods on
calcium of “Red Delicious” apple under refrigeratmhditions was studied and is
presented in Table 14. A mean maximum calcium 80 qer cent was observed

in H; and minimum of 6.70 per cent irgldt O day of storage.

Among treatments, highest calcium of 7.03, 6.97 &8Y per cent was
observed in §, while T; recorded the lowest mean calcium of 6.98, 6.956a88
per cent in three harvest dateg, HH, and H, respectively and it varied

significantly.

There was significant increase in calcium contaming) storage of 100
days under refrigerated conditions. Mean valueatfiom content increased from
6.70 per cent at 0 day to 7.05 per cent after H)8 of storage.

4.2.7 Pectin content (%)

Pectin content of “Red Delicious” apple as affected harvest dates,
postharvest treatments and storage periods on umérent conditions was
studied and data is presented in Table 15. A meaximum pectin content of
0.1.61 per cent was observed inatd minimum of 1.38 per cent ingldt 0 days

of storage.

Postharvest treatments showed a significant eftectpectin content.
Highest pectin content of 1.23, 1.15 and 1.08gae@it was observed ins,Twhile
T1 recorded the lowest mean pectin content of 11102 and 0.97 per cent in

three harvest dates;H, and H, respectively.
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Table-14 :

Effect of harvest dates, post harvest@atments and storage conditions on calcium contefing/100 g) of apple

Harvest Storage . Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 6.90 6.90 6.90 7.00 7.10 7.10 6.98 6.90 6.90 7.00 7.00 7.00 7.10 6.98
T, 6.90 6.90 6.90 7.00 7.10 7.20 7.00 6.90 6.90 7.00 7.00 7.00 7.10 6.98
H, Ts 6.90 6.90 7.00 7.00 7.10 7.20 7.02 6.90 6.90 7.00 7.00 7.10 7.10 7.00
Ta 6.90 6.90 7.00 7.00 7.10 7.10 7.00 6.90 6.90 7.00 7.00 7.00 7.10 6.99
Ts 6.90 6.90 7.00 7.10 7.20 7.20 7.05 6.90 6.90 7.00 7.10 7.10 7.20 7.03
SubMean 690 690 696 702 742 716 70l 690 906. 7.00 7.02 704 712 _ 7.00
________________________ T, 6.80 6.80 6.80 7.00 7.00 7.10 6.92 6.80 6.80 6.90 7.00 7.10 7.10 6.95
Ts 6.80 6.80 6.80 7.00 7.00 7.10 6.92 6.80 6.80 6.90 7.00 7.10 7.10 6.95
H Ts 6.80 6.80 6.90 7.00 7.10 7.20 6.97 6.80 6.80 6.90 7.00 7.10 7.20 6.97
2 T, 6.80 6.80 6.80 7.00 7.00 7.10 6.92 6.80 6.80 6.90 7.00 7.10 7.20 6.96
Ts 6.80 6.80 6.90 7.00 7.10 7.20 6.97 6.80 6.80 6.90 7.00 7.10 7.20 6.97
____________________ SubMean 680 680 684 7.00 704 714 _ 694 680 806. 690 7.00 7.10 716 _ 6.96
T, 6.70 6.70 6.70 6.90 6.90 7.00 6.82 6.70 6.70 6.80 6.90 7.00 7.00 6.85
T, 6.70 6.70 6.70 6.90 6.90 7.00 6.82 6.70 6.70 6.80 6.90 7.00 7.00 6.85
Y Ts 6.70 6.70 6.80 6.90 7.00 7.10 6.87 6.70 6.70 6.80 6.90 7.00 7.10 6.87
8 Ta 6.70 6.70 6.70 6.90 6.90 7.10 6.83 6.70 6.70 6.80 6.90 7.00 7.10 6.86
Ts 6.70 6.70 6.80 6.90 7.00 7.10 6.87 6.70 6.70 6.80 6.90 7.00 7.10 6.87
____________________ SubMean 670 6.0 674 6.90 694 7.06  6.84  6.70 706. 6.80 6.90  7.00 _7.06 686
Grand Mean 6.70 6.70 6.72 6.90 6.92 7.05 6.83 6.706.70 6.80 6.90 7.00 7.05 6.86
""""""""""""""""""""""""" CD(p<005)  ~¢CcDb(pc00)
Harvest (H) = 0.013 Harvest (H) = 0.015
Treatment (T) = 0.005 Treatment (T) = 0.003
HxT = 0.009 HxT = 0.009
Storage (S) = 0.005 Storage (S) = 0.003
HxS = 0.001 HxS = 0.004
HxSxT = 0.008 HxSxT = 0.005

T, = Shade cooling (Control);, & Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Table-15:  Effect of harvest dates, post harvestéatments and storage conditions on pectin conterfto) of apple

Harvest Storage .. Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 1.61 1.38 1.08 1.01 0.91 0.61 1.10 1.61 1.51 1.47 1.34 1.11 0.92 1.33
T, 1.61 1.39 1.13 1.03 0.99 0.63 1.13 1.61 1.53 1.48 1.35 1.13 094 1.34
H, Ts 1.61 1.58 1.18 1.07 1.01 0.71 1.19 1.61 1.55 1.51 1.37 1.17 0.97 1.36
Ta 1.61 1.41 1.15 1.05 1.00 0.68 1.15 1.61 1.54 1.49 1.36 1.16 0.98 1.36
Ts 1.61 1.59 1.31 1.10 1.01 0.74 1.23 1.61 1.56 1.52 1.41 1.22 0.99 1.39
SubMean 161 147 117 105 098 067 116 161 154 149 137 116 096 135
_______________________ T, 1.49 1.24 1.00 0.97 0.86 0.54 1.02 1.49 1.41 1.37 1.27 1.10 0.92 1.26
Ts 1.49 1.29 1.06 0.99 0.89 0.59 1.05 1.49 1.42 1.38 1.28 1.12 0.95 1.27
H Ts 1.49 1.34 1.09 1.04 0.98 0.67 1.10 1.49 1.44 1.40 1.32 1.17 0.98 1.30
2 T, 1.49 1.32 1.08 1.00 0.95 0.61 1.08 1.49 1.44 1.39 1.30 1.14 0.96 1.29
Ts 1.49 1.41 1.13 1.09 0.99 0.79 1.15 1.49 1.45 1.41 1.34 1.19 0.99 1.31
B SubMean 149 132 107 102 093 064 108 149 143 139 130 114 096 129
T, 1.38 1.19 0.97 0.94 0.83 0.49 0.97 1.38 1.30 1.18 1.06 0.94 0.88 1.12
T, 1.38 1.24 0.98 0.96 0.87 0.56 1.00 1.38 1.32 1.20 1.08 0.94 0.89 1.14
Y Ts 1.38 1.29 1.28 0.98 0.98 0.58 1.08 1.38 1.35 1.23 1.13 0.97 0.91 1.16
8 Ta 1.38 1.31 1.06 1.03 0.96 0.63 1.06 1.38 1.34 1.23 1.11 0.95 0.89 1.15
Ts 1.38 1.33 1.08 1.06 0.97 0.68 1.08 1.38 1.36 1.26 1.16 0.98 0.93 1.18
. SubMean 138 127 107 099 092 059 1.04 138 133 122 111 096 080 115
Grand Mean 138 129 1.08 102 6.74 0.62 2.02 138 134 124 113 097 0.91 1.16
""""""""""""""""""""""""" CD(p<00O5)  CD(pc0.OS)y
Harvest (H) = 0.028 Harvest (H) = 0.03
Treatment (T) = 0.038 Treatment (T) = 0.048
HxT = 0.110 HxT = 0.112
Storage (S) = 0.105 Storage (S) = 0.101
HxS = 0.092 HxS = 0.103
HxSxT = 0.114 HxSxT = 0.111

T, = Shade cooling (Control);, & Hydro cooling; = Hydro cooling + CaGl T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Fig. 4 : Effect of harvest dates, post harvest treéments and storage
conditions on pectin content (%) of apple




Mean value of pectin content decreased from 1.3&¢et at O day to 0.62
per cent after 100 days of storage under ambierdittons. There was significant

decrease in pectin content during storage of 1§6.da

Table 15 shows data pertaining to the effect o¥ést dates, postharvest
treatments and storage periods on pectin contefiRed Delicious” apple under
refrigerated conditions. A mean maximum pectin eaohof 0.1.61 per cent was

observed in Hand minimum of 1.38 per cent inzldt O days of storage.

Postharvest treatments showed a significant eftectpectin content.
Highest pectin content of 1.39, 1.31 and 1.18gae&t was observed ins,Twhile
T, recorded the lowest mean pectin content of 1133 and 1.12 per cent in

three harvest dates;H, and H, respectively.

There was significant decrease in pectin contemingustorage of 100
days under ambient conditions. Mean values of peambntent decreased from
1.38 per cent at 0 day to 0.91 per cent after H3@ of storage.

4.2.8 Anthocyanin (mg/100g)

Table 16 shows data pertaining to the effect ob/éstrdates, postharvest
treatments and storage periods on anthocyanin moofé'‘Red Delicious” apple
under ambient conditions. A mean maximum anthoeyazontent of 33.30
mg/100g was observed inzknd minimum of 30.30 mg/100g im tt O day of

storage.

A significant effect of postharvest treatmentsamthocyanin content was
observed. Highest anthocyanin content of 29.982Z4and 31.88 mg/100g was
observed in 3, while T; recorded the lowest mean anthocyanin content9 &72
31.38 and 31.68 mg/100g in three harvest datesiF& Hs, respectively.

Total anthocyanin content significantly increasadin storage of 100
days under ambient conditions. Mean value of ttdhocyanin content increased
from 31.93 mg/100g at O day to 28.05 mg/100g df¢€r days of storage.
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Table-16 :  Effect of harvest dates, post harvesté&atments and storage conditions on anthocyanin (md0 g) of apple

Harvest Storage . Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 30.30 31.80 31.30 30.00 2840 27.4029.87 30.30 30.90 31.60 30.30 29.90 28.3030.22
T, 30.30 31.60 31.10 30.20 28.60 28.0029.97 30.30 30.80 3150 30.50 29.50 28.8030.23
H Ts 30.30 31.30 31.00 30.30 28.80 28.2029.98 30.30 30.50 31.40 30.80 29.70 28.9030.27
! Ta 30.30 31.80 31.30 30.00 28.60 27.9029.98 30.30 30.50 3140 30.60 29.80 29.0030.27
Ts 30.30 31.10 31.00 30.30 28.80 28.2029.95 30.30 30.70 3150 30.80 29.50 28.9030.28
SubMean 3030 3152 31.14 30.16 28.64 27.94 2995 30.30 30.68 3148 30.60 29.68 2878 3025
________________________ :I:l 3220 3360 33.20 31.70 29.80 27.8031.38 32.20 32.70 3290 31.70 30.20 29.1031.47
Ts 3220 33.60 33.10 31.90 29.80 27.8031.40 32.20 32.70 3290 3190 30.60 29.2031.58
H Ts 3220 33.20 33.20 3210 30.10 28.1231.49 32.20 3250 3270 32.10 30.70 29.5031.62
2 Ts 3220 3350 33.10 31.90 29.80 27.9031.40 32.20 32.60 32.80 3190 30.60 29.6031.62
Ts 3220 33.10 3270 3230 30.10 28.7031.52 32.20 3250 3270 32.10 30.70 29.7031.65
B SubMean 3220 3340 33.06 26.38 2002 28.06 3050 3220 3260 32.80 31.94 30.56 20.42 3159
T, 33.30 34.20 32.60 31.30 30.30 28.4031.68 33.30 34.20 34.30 3250 30.60 29.7032.43
T, 33.30 3430 3280 3150 30.20 28.3031.73 33.30 34.10 34.20 32.70 30.60 29.8032.45
Y Ts 33.30 34.70 33.30 32.00 29.90 28.1031.88 33.30 33.80 34.10 3290 30.90 30.1032.52
8 Ta 33.30 3450 33.20 31.90 30.00 28.1031.83 33.30 33.90 34.10 32.70 30.80 30.0032.47
Ts 33.30 3490 3340 3220 2950 27.9031.87 33.30 33.80 3380 33.10 31.00 30.1032.52
. Sub Mean . 33.30 34.52 33.06 31.78 29.98 28.16 31.80 33.30 33.96 34.10 32.78 30.78 29.94 3248
Grand Mean 31.93 33.15 3242 29.44 2951 28.05 30.75 3193 3241 32.79 31.77 30.34 29.38 31.44
""""""""""""""""""""""""" CD(p<005)  ~¢CcDb(pc00)
Harvest (H) = 0.204 Harvest (H) = 0.194
Treatment (T) = 0.247 Treatment (T) = 0.239
HxT = 0.214 HxT = 0.214
Storage (S) = 0.305 Storage (S) = 0.310
HxS = 0.313 HxS = 0.313
HxSxT = 0.226 HxSxT = 0.217

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Fig.

5: Effect of harvest dates, post harvest tréments and storage
conditions on anthocyanin (mg/100 g) of apple




Effect of harvest dates, postharvest treatments storhge periods on
anthocyanin content of “Red Delicious” apple undeifrigerated conditions is
presented in Table 16. A mean maximum anthocyamment of 30.30 mg/100g
was observed in Hand minimum of 33.30 mg/100g irzldt O day of storage.

Highest anthocyanin content of 30.28, 31.65 andb232ng/100g was
observed in §, while T; recorded the lowest mean anthocyanin content &230
31.47 and 32.43 mg/100g in three harvest datesHkHand H respectively and

varied significantly among treatments.

Anthocyanin content significantly increased durstgrage of 100 days
under refrigerated conditions. Mean value of angaam content increased from
31.93 mg/100g at 0 day to 29.38 mg/100g after 3@ af storage.

4.2.9 Ascorbic acid (mg/100g)

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on ascorbic acid of “Red Delicioagiple under ambient
conditions is presented in Table 17. A mean maxinastorbic acid of 12.50
mg/100g was observed ingldnd minimum of 11.90 mg/100g in; kit O days of

storage.

Ascorbic acid varies significantly in different pbarvest treatments.
Highest ascorbic acid of 9.20, 9.47 and 9.48 mgjl@as observed forswhile
as T, recorded the lowest mean ascorbic acid of 8.918 @nd 9.22 mg/100g in

three harvest dates;HH, and H, respectively.

There was significant decrease in ascorbic acichdwstorage of 100 days
under ambient conditions. Mean value of ascorbid @ecreased from 12.27
mg/100g at 0 day to 4.47 mg/100g after 100 daystarfge.

At 0 day of storage, a mean maximum ascorbic aci®®&0 mg/100g was
observed in B and minimum of 11.90 mg/100g insHunder refrigerated
conditions (Table 17).
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Table-17 :

Effect of harvest dates, post harvest@atments and storage conditions on ascorbic acid ¢f100 g) of apple

Harvest Storage .. Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 1190 11.10 10.10 9.20 7.00 420 892 1190 1140 11.00 10.30 9.80 8.10 10.42
T, 1190 11.20 10.10 9.30 7.10 420 897 1190 11.40 11.10 10.30 9.90 8.20 10.47
H Ts 1190 1150 1040 9.40 7.20 440 9.13 1190 1160 1140 1050 10.20 8.60 10.70
! Ta 1190 11.30 10.30 9.30 7.10 430 9.03 1190 1150 11.20 10.40 10.00 8.50 10.58
Ts 1190 1160 1050 9.40 7.30 450 920 1190 11.70 1150 1050 10.20 8.60 10.73
SubMean 1190 1134 1028 9.32 714 432 905 1190 1152 1124 1040 1002 840 1058
________________________ Tl 12.40 11.70 10.50 9.00 7.00 450 9.18 1240 12.10 1150 10.40 10.00 8.8010.87
Ts 1240 11.80 10.60 9.10 7.10 460 9.27 1240 1220 1150 10.40 10.10 8.90 10.92
H Ts 1240 1190 10.70 9.30 7.30 470 938 1240 1230 11.80 10.60 10.30 9.20 11.10
2 T, 1240 1190 10.60 9.20 7.20 480 935 1240 1220 11.70 1050 10.20 9.30 11.05
Ts 1240 12.00 1090 9.30 7.40 480 9.47 1240 1230 11.80 10.70 10.40 9.4011.17
B SubMean 1240 1186 1066 918 7.20 468 933 1240 1222 1166 10.52 1020 912 11.02_
T, 1250 1190 1040 9.10 7.10 430 9.22 1250 12.00 11.30 10.20 9.70 8.30 10.67
T, 1250 12.00 1040 9.30 7.20 430 9.28 1250 12.10 1140 10.20 9.80 8.40 10.73
Y Ts 1250 12.20 10.60 9.40 7.30 450 9.42 1250 1220 11.60 10.50 9.90 8.70 10.90
8 Ta 1250 12.10 10.50 9.30 7.20 440 933 1250 1210 1150 10.30 9.80 8.50 10.78
Ts 1250 12.20 10.70 9.50 7.40 460 9.48 1250 1230 11.70 10.60 10.10 8.90 11.02
. Sub Mean 12.50 1208 1052 932 724 442 935 1250 1214 1150 10.36 9.86 8.56  10.82
Grand Mean 12,27 11.76 10.49 9.27 7.19 4.47 9.24 1227 1196 11.47 10.43 10.03 8.69 10.81
""""""""""""""""""""""""" CD(p=00)  ¢CD(p=005
Harvest (H) = 0.210 Harvest (H) = 0.201
Treatment (T) = 0.110 Treatment (T) = 0.113
HxT = 0.107 HxT = 0.101
Storage (S) = 0.227 Storage (S) = 0.229
HxS = 0.209 HxS = 0.204
HxSxT = 0.221 HxSxT = 0.220

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Fig. 6 :

Effect of harvest dates, post harvest tréments and storage

conditions on ascorbic acid (mg/100 g) of apple




Postharvest treatments showed a significant eftectascorbic acid.
Highest ascorbic acid of 10.73, 11.17 and 11.0216@gy was observed ins,T
while T, recorded the lowest mean ascorbic acid of 10142837 and 10.67

mg/100g in three harvest dateg H, and H, respectively.

There was significant decrease in ascorbic acichdwstorage of 100 days
under refrigerated conditions. Mean value of ascoaloid decreased from 12.27
mg/100g at 0 day to 8.69 mg/100g after 100 daystarfge.

4.2.10 Polyphenols (mg/100g)

Under ambient conditions, effect of harvest dapestharvest treatments
and storage periods on polyphenols of “Red Del&€i@pple was studied and data
is presented in Table 18. A mean maximum polyplendl2.80 mg/100g was
observed in Hand minimum of 2.66 mg/100g ingkt O days of storage.

Tsrecorded highest polyphenols of 2.65, 2.55 and ;§8.00g while as
T, recorded the lowest mean of polyphenols 2.60, amtB2.49 mg/100g in three
harvest dates H H, and H, respectively. Postharvest treatments showed a

significant effect on polyphenols.

A significant decrease in polyphenols during stera§ 100 days under
ambient conditions was observed. Mean value of gh@yols decreased from
2.70 mg/100g at 0 days to 2.42 mg/100g after 198 dastorage.

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on polyphenols of “Red Deliciougipla under refrigerated
conditions is presented in Table 18. A mean maximuotyphenols of 2.80
mg/100g was observed in;ldnd minimum of 2.66 mg/100g instat O days of

storage.

Postharvest treatments showed a significant effiegolyphenols. Highest
polyphenols of 2.77, 2.65 and 2.66 mg/100 g wasenlked in F, while Ty
recorded the lowest mean polyphenols of 2.70, ark82.54 mg/100 g in three

harvest dates H1H, and H, respectively.
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Table-18 :

Effect of harvest dates, post harvest@atments and storage conditions on polyphenols (nd)0 g) of apple

Harvest Storage .. Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 2.80 2.80 2.60 2.50 2.50 2.40 2.60 2.80 2.80 2.70 2.70 2.60 2.60 2.70
To 2.80 2.80 2.70 2.60 2.50 2.50 2.60 2.80 2.80 2.70 2.70 2.60 2.60 2.70
H Ts 2.80 2.80 2.70 2.60 2.50 2.20 2.65 2.80 2.80 2.80 2.80 2.70 2.70 2.77
! T, 2.80 2.80 2.70 2.60 2.50 2.50 2.65 2.80 2.80 2.80 2.80 2.70 2.70 2.77
Ts 2.80 2.80 2.70 2.60 2.50 2.50 2.65 2.80 2.80 2.80 2.80 2.70 270 2.77
SubMean 280 280 268 258 250 242 263 280 280 276 276 266 266 274
_______________________ T, 2.65 2.65 2.45 2.45 2.35 2.35 2.48 2.65 2.65 2.55 2.45 2.45 245 253
T, 2.65 2.65 2.45 2.55 2.35 2.35 2.50 2.65 2.65 2.65 2.55 2.55 255 2.60
H, Ts 2.65 2.65 2.55 2.55 2.45 2.45 2.55 2.65 2.65 2.65 2.65 2.65 2.65 2.65
Ta 2.65 2.65 2.55 2.55 2.45 2.45 2.55 2.65 2.65 2.65 2.65 2.55 255 2.62
Ts 2.65 2.65 2.55 2.55 2.45 2.45 2.55 2.65 2.65 2.65 2.65 2.65 2.65 2.65
] SubMean 265 265 251 253 241 241 253 265 265 263 259 257 257 261
T, 2.66 2.66 2.46 2.46 2.36 2.36 2.49 2.66 2.66 2.56 2.46 2.46 246 254
T, 2.66 2.66 2.56 2.56 2.46 2.46 2.56 2.66 2.66 2.66 2.56 2.60 256 2.62
H Ts 2.66 2.66 2.56 2.56 2.56 2.46 2.58 2.66 2.66 2.66 2.66 2.66 2.66 2.66
3 Ta 2.66 2.66 2.56 2.56 2.56 2.46 2.57 2.66 2.66 2.66 2.66 2.66 256 2.64
Ts 2.66 2.66 2.56 2.56 2.56 2.46 2.58 2.66 2.66 2.66 2.66 2.66 2.66 2.66
] SubMean 266 266 254 254 250 244 256 266 266 264 260 261 258 262
Grand Mean 2.70 270 258 255 247 242 2.57 270 270 268 265 261 2.60 2.66
"""""""""""""""""""""""" CD(p<00O5)  ¢CD(pc0.OS)y
Harvest (H) = 0.004 Harvest (H) = 0.003
Treatment (T) = 0.001 Treatment (T) = 0.001
HxT = 0.004 HxT = 0.003
Storage (S) = 0.002 Storage (S) = 0.001
HxS = 0.005 HxS = 0.002
HxSxT = 0.003 HxSxT = 0.004

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Polyphenols decreased significantly from 0.2.701064 at O days to 2.60
mg/100g after 100 days of storage under refrigdrataditions.

4.2.11 Pectin methyl esterase activity (MeOH equal® [pmole/litre/day]

During study, a mean maximum pectin methyl estera$e31.27
umole/litre/day was observed ingldnd minimum of 29.47mole/litre/day in H
at 0 day of storage (Table 19).

Postharvest treatments showed a significant eftectpectin methyl
esterase. Highest pectin methyl esterase of 480179 and 42.1@gmole/litre/day
was observed in 1] while Ts recorded the lowest mean pectin methyl esterase of
38.54, 39.84 and 41.3pmole/litre/day in three harvest dates, Hi, and H,
respectively.

There was significant increase in pectin methyérste during storage of
100 dsays under ambient conditions. Mean value aftip methyl esterase
increased from 30.3gmole/litre/day at 0 day to 49.48nole/litre/day after 100
days of storage.

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on pectin methyl esterase of “Reaticibus” apple under
refrigerated conditions is presented in Table 19ndan maximum pectin methyl
esterase of 31.2@mole/litre/day was observed insHand minimum of 29.47
umole/litre/day in H at O day of storage.

In three harvest dates;HH, and H highest pectin methyl esterase of
32.30, 32.44 and 33.60mole/litre/day was recorded for While as F recorded
the lowest mean pectin methyl esterase of 31.50,93dnd 32.84umole/litre/day
respectively. It was observed that postharvestrtreats had a significant effect
on pectin methyl esterase activity.

Pectin methyl esterase significantly increasedndustorage of 100 days
under refrigerated conditions. Mean value of pectiathyl esterase increased
from 30.32umole/litre/day at 0 day to 34.8imole/litre/day after 100 days of

storage.
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Table-19:  Effect of harvest dates, post harvest @éatments and storage conditions on pectin methyl tesase (MeOH equivalent)

[umole/litre/day] of apple

Harvest Storage . Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 29.47 33.47 38.27 4427 47.17 50.1740.47 29.47 30.27 3157 33.27 34.07 35.1732.30
Ts 29.47 33.17 37.97 43.87 46.97 49.8740.22 29.47 30.07 31.37 3297 33.87 34.9732.12
H, Ts 29.47 3287 36.67 42.07 44.67 47.2738.84 29.47 29.87 31.07 3247 33.37 34.2731.75
T, 29.47 33.07 37.07 43.17 45.17 48.1739.35 29.47 30.17 31.27 32.87 33.67 34.4731.99
Ts 29.47 32.67 36.27 41.77 4417 46.8738.54 29.47 29.77 30.87 32.07 32.97 33.8731.50
____________________ SubMean  29.47 3305 37.25 4303 4563 4847 3048047 3003 3123 3273 3359 3455 _31.93
T, 30.22 34.02 39.02 44.62 47.22 49.6240.79 30.22 31.12 31.72 33.02 33.72 34.8232.44
T, 30.22 33.82 38.62 44.02 47.02 49.4240.52 30.22 30.92 3152 32.82 33.42 34.5232.24
Ts 30.22 33.62 38.32 4382 46.62 48.4240.17 30.22 30.82 31.22 32.62 33.22 34.0232.02
H. Ta 30.22 3342 38.42 4442 47.22 49.0240.45 30.22 31.02 3142 33.02 33.52 34.2232.24
Ts 30.22 33.22 38.02 43.62 46.12 47.8239.84 30.22 30.62 31.02 32.32 32.82 33.7231.79
SubMean 3022 3362 3848 44.10 4684 4886 4038022 3090 3138 3276 3334 3426 32.14
________________________ :I'l 31.27 35.37 39.27 46,57 49.17 51.3742.17 31.27 3237 33.27 33.97 34.77 35.9733.60
To 31.27 35.07 39.07 46.37 4897 51.1741.99 31.27 32.07 33.07 33.77 34.57 35.8733.44
Y Ts 31.27 3487 38.77 46.07 4857 50.7741.72 31.27 31.77 3257 33.37 33.97 35.5733.09
3 T, 31.27 35.27 3897 46.27 48.77 51.0741.94 31.27 31.87 32.77 33.67 34.27 35.7733.27
Ts 31.27 3477 38.37 4537 4797 50.3741.35 31.27 3157 3237 33.17 33.67 34.9732.84
____________________ SubMean  31.27 3507 38.89 4613 4869 50.95 4183127 31.93 3281 3359 3425 3563 33.25
Grand Mean 30.32 3391 3821 4442 47.05 49.43 580. 30.32 30.95 31.81 33.03 33.73 34.81 32.44
""""""""""""""""""""""" CD(<0.0S5)  CD(p0.O5)
Harvest (H) = 0.78 Harvest (H) = 0.73
Treatment (T) = 0.42 Treatment (T) = 0.38
HxT = 1.02 HxT = 1.05
Storage (S) = 1.09 Storage (S) = 1.06
HxS = 1.06 HxS = 1.08
HxSxT = 1.112 HxSxT = 1.110

T, = Shade cooling (Control);, & Hydro cooling; = Hydro cooling + CaGl T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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4.2.12 Polygalacturonase activity (% loss in viscitg)

Polygalacturonase activity of “Red Delicious” applender ambient
conditions is presented in Table 20. Effect of katwates, postharvest treatments
and storage periods was studied. A mean maximuggalaicturonase activity of
10.20 per cent was observed ig &hd minimum of 8.60 per cent im ldt O days
of storage.

Postharvest treatments showed a significant effecpolygalacturonase
activity. Highest polygalacturonase activity of @2, 13.07 and 14.25 per cent
was observed iniJ while Ts recorded the lowest mean polygalacturonase activit
of 10.98, 11.78 and 13.43 per cent in three hardegsés H, H, and H,

respectively.

There was significant increase in polygalacturoreatirity during storage
of 100 days under ambient conditions. Mean valupadygalacturonase activity
increased from 9.33 per cent at 0 day to 18.23@et after 100 days of storage.

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on polygalacturonase activity oédRDelicious” apples under
refrigerated conditions is presented in Table 20. Mean maximum
polygalacturonase activity of 10.20 per cent waseoked in H and minimum of

8.60 per cent in Hat O day of storage.

Among different postharvest treatments, highesggaihcturonase activity
of 11.60, 11.73 and 12.57 per cent was observen iwhile Ts recorded the
lowest mean polygalacturonase activity of 31.30,79 and 32.84 per cent in

three harvest dates;H, and H, respectively.

There was significant increase in polygalacturoreativity during storage
of 100 days under refrigerated conditions. Meanuerabf polygalacturonase
activity increased from 9.39 per cent at 0 day4®Q per cent after 100 days of

storage.
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Table-20:  Effect of harvest dates, post harvest ¢éatments and storage conditions on polygalactourosa activity (% loss in
viscosity) activity of apple

Harvest Storage Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 8.60 9.20 10.70 12.30 15.60 19.2012.60 8.90 9.60 10.50 12.00 13.30 15.3011.60
T, 8.60 8.90 10.30 11.60 15.00 18.5012.15 8.90 9.40 10.30 11.80 13.10 15.0011.42
H T; 8.60 8.70 9.40 10.20 13.80 16.6011.22 8.70 890 10.00 1150 11.70 14.2010.83
. T, 8.60 8.90 10.00 11.10 1460 17.9011.85 8.80 9.30 10.10 11.70 12.20 14.9011.17
Ts 8.60 8.60 9.20 10.00 13.30 16.2010.98 8.60 8.80 9.60 11.00 11.20 14.1010.55
____________________ SubMean 860 886 992 1104 1446 17.68 1176 887920 10.10 11.60 1230 1470 1111
T 9.20 1050 11.80 12.80 15.20 18.9013.07 9.20 9.80 10.80 11.60 1350 15.5011.73
T, 9.20 10.30 1160 1250 15.00 18.2012.80 9.20 9.80 1060 1150 13.30 15.1011.58
H T, 9.20 10.00 11.20 12.10 14.20 16.2012.15 9.20 950 10.20 11.00 13.00 14.0011.15
2 T, 9.20 10.30 1150 1250 14.60 17.1012.53 9.20 9.70 1050 1150 13.20 14.1011.37
Ts 9.20 10.10 11.00 12.00 12.80 15.6011.78 9.20 9.40 10.00 10.80 12.80 13.6010.97
____________________ SubMean 920 10.24 1142 1238 1436 1720 12.47.209 964 1042 1128 13.16 1446  11.36
T, 10.20 11.80 1250 14.10 16.50 20.4014.25 10.20 12.00 11.80 13.30 14.00 16.1012.57
T, 10.20 11.40 1230 13.80 16.20 20.0013.98 10.20 11.00 11.70 13.10 13.80 15.9012.62
H T; 10.20 11.10 12.00 13.10 15.80 19.1013.55 10.20 10.50 11.30 12.60 13.40 15.2012.20
3 T, 10.20 11.30 12.20 1350 16.00 19.7013.82 10.20 10.80 1150 1290 13.60 15.5012.42
Ts 10.20 11.00 12.10 13.20 15.70 18.4013.43 10.20 10.40 11.00 1250 13.20 15.0012.05
____________________ SubMean  10.20 1132 1222 1354 1604 1952 13.810.20 3094 1146 1288 1360 1554 15.77
__________________ Grand Mean 933 10.14 1119 1232 1495 1813 826 939 16.59 10.66 11.92 13.02 1490 _ 12.75
CD (p=0.05) CD (p=0.05)
Harvest (H) = 0.95 Harvest (H) = 0.93
Treatment (T) = 0.71 Treatment (T) = 0.79
HxT = 0.82 HxT = 0.83
Storage (S) = 1.01 Storage (S) = 1.04
HxS = 1.04 HxS = 1.00
HxSxT = 1.03 HxSxT = 1.07

T, = Shade cooling (Control); ,T7= Hydro cooling; & = Hydro cooling + CaG] T, = Hydro cooling + wax; 1 = Hydro cooling + CaGl + wax
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4.3  Sensory evaluation
4.3.1 Colour score

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on colour score of “Red Deliciowgple under ambient
conditions is presented in Table 21. A mean maxincofour score of 4.99 was

observed in Hand minimum of 4.88 in Hat O day of storage.

Among treatments, highest colour score of 4.8344a9d 4.94 was
observed for §, while T, recorded the lowest mean colour score of 4.6&, 41l
4.68 in three harvest dates, i, and H, respectively.

There was significant decrease in colour scorendustorage of 100 days
under ambient conditions. Mean value of colour sadecreased from 4.95 at 0

day to 4.67 after 100 days of storage.

Table 21 shows data pertaining to the effect odstrdates, postharvest
treatments and storage periods on colour scoreRefl “Delicious” apple under
refrigerated conditions. A mean maximum colour scof 4.99 was observed in

H,and minimum of 4.88 in Hat O day of storage.

Postharvest treatments showed a significant ediecolour score. Highest
colour score of 4.86, 4.95 and 4.96 was observedfevhile as T recorded the
lowest mean colour score of 4.83, 4.94 and 4.Sree harvest dates;HH, and

Hs, respectively.

Mean value of colour score decreased significaintgn 4.95 at O day to
4.79 after 100 days of storage under refrigeratediitions.

4.3.2 Texture score

Table 22 depicts data pertaining to the effectavést dates, postharvest
treatments and storage periods on texture scof®ed Delicious” apple under
ambient conditions. A mean maximum texture scoré.60 was observed in;H

and minimum of 4.79 in glat 0 days of storage.
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Table-21 :

Effect of harvest dates, post harvest@atments and storage conditions on sensory coloufr apple

Harvest Storage . Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 4.88 4.88 4.88 4.78 4.68 448 4.66 4.88 4.88 4.88 4.88 4.78 4.68 4.83
T, 4.88 4.88 4.88 4.78 4.68 448 4.68 4.88 4.88 4.88 4.88 4.78 4.68 4.83
H, Ts 4.88 4.88 4.88 4.88 4.78 458 4.71 4.88 4.88 4.88 4.88 4.88 4,78 4.83
Ta 4.88 4.88 4.88 4.78 4.68 448 476 4.88 4.88 4.88 4.88 4.78 4.68 4.86
Ts 4.88 4.88 4.88 4.88 4.78 4.68 4.83 4.88 4.88 4.88 4.88 4.88 478 4.86
Sub Mean 488 488 488 482 472 454 479 488 884. 488 488 482 472  4.84
________________________ T, 4.99 4.99 4.99 4.89 4.79 4.69 4.67 4.99 4.99 4,99 4.99 4.89 479 4.94
Ts 4.99 4.99 4.99 4.89 4.79 4.69 4.69 4.99 4.99 4.99 4.99 4.89 479 4,94
H Ts 4.99 4.99 4.99 4.99 4.89 479 4.74 4.99 4.99 4.99 4.99 4.89 4.89 4.95
2 T, 4.99 4.99 4,99 4.89 4.79 4.69 4.89 4.99 4,99 4.99 4.99 4.89 479 4.94
Ts 4.99 4.99 4,99 4,99 4.89 479 494 4.99 4,99 4.99 4.99 4.89 4.89 4.95
____________________ SubMean 499 499 499 493 483 473 491 499 994. 499 499 480 483  4.94
T, 4.99 4.99 4.99 4.89 4.79 469 4.68 4.99 4.99 4.99 4.99 4.89 479 4,94
T, 4.99 4.99 4.99 4.89 4.79 4.69 4.70 4.99 4,99 4.99 4.99 4.89 479 4.94
Y Ts 4.99 4.99 4.99 4.99 4.89 4.79 4.89 4.99 4.99 4.99 4.99 4.89 4.89 4.96
8 Ta 4.99 4.99 4.99 4.89 4.79 4.69 4.92 4.99 4.99 4.99 4.99 4.89 479 4,94
Ts 4.99 4.99 4.99 4.99 4.89 479 494 4.99 4.99 4.99 4.99 4.89 4.89 4.96
____________________ SubMean 499 499 499 493 483 473 491 499 994. 4.99 499 489 483 495
Grand Mean 4.95 4.95 4.95 4.89 4.79 4.67 4.87 4.954.95 4.95 4.95 4.87 4.79 4.91
""""""""""""""""""""""""" CD(p<005)  ~¢CcDb(pc00)
Harvest (H) = 0.108 Harvest (H) = 0.077
Treatment (T) = 0.102 Treatment (T) = 0.092
HxT = 0.107 HxT = 0.095
Storage (S) = 0.087 Storage (S) = 0.081
HxS = NS HxS = NS
HxSxT = NS HxSxT = NS

T, = Shade cooling (Control);, & Hydro cooling; = Hydro cooling + CaGl T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Table-22:  Effect of harvest dates, post harvestéatments and storage conditions on sensory textuod apple

Harvest Storage .. Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 5.00 4.67 4.47 4.07 3.67 3.27 4.19 5.00 4.87 4.67 457 4.27 3.97 456
T, 5.00 4.77 4.57 4.17 3.77 3.37 4.28 5.00 4.87 4.67 4.57 4.27 3.97 456
H Ts 5.00 4.87 4.67 4.37 3.97 3.77 4.44 5.00 4.97 4.77 4.67 4.57 427 471
! Ta 5.00 4.77 4.57 4.17 3.77 3.37 4.28 5.00 4.87 4.67 4.47 4.37 4.07 4.58
Ts 5.00 4.87 4.67 4.47 4.07 3.97 451 5.00 4.97 4.77 4.67 4.57 447 474
SubMean 500 479 459 425 385 355 434 500 914. 471 459 441 415 463
________________________ T, 4.90 458 4.38 3.98 3.58 3.18 4.10 4.90 4.68 4,58 4.48 4.18 4.08 4.48
Ts 4.90 4.68 4.48 4.08 3.58 3.18 4.15 4.90 4.68 4.58 4.48 4.18 4.08 4.48
H Ts 4.90 4.78 4.68 4.28 3.78 3.48 4.32 4.90 4.88 4.68 4.58 4.48 4.38 4.65
2 T, 4.90 4.68 4.48 4.08 3.58 3.28 4.27 4.90 4.68 4.58 4.58 4.38 4.28 457
Ts 4.90 4.88 4.78 4.48 4.18 3.38 4.43 4.90 4.88 4.78 4.68 4.58 458 4.73
____________________ SubMean 490 472 456 418 374 330 425 490 764. 464 456 436 428 458
T, 4.79 4.49 4.29 4.09 3.69 3.29 411 4.79 4.69 4.59 4.49 4.29 3.99 4.47
T, 4.79 4.49 4.29 4.09 3.69 3.29 411 4.79 4.69 4.59 4.49 4.29 3.99 4.47
Y Ts 4.79 4.59 4.49 4.29 3.89 3.49 4.26 4.79 4.79 4.69 4.59 4.49 429 4.61
8 Ta 4.79 4.59 4.39 4.19 3.79 3.39 4.19 4.79 4.69 4.69 4.59 4.39 4.09 454
Ts 4.79 4.59 4.49 4.49 4.19 3.99 443 4.79 4.79 4.69 4.69 4.59 459 4.69
____________________ SubMean 479 455 439 423 385 349 422 479 734 4.65 457 441 419 456
Grand Mean 4.90 4.69 4.51 4.22 3.81 3.43 4.27 4.904.80 4.67 4.57 4.39 4.21 4.59
""""""""""""""""""""""""" CD(p=00)  ¢CD(p=005
Harvest (H) = NS Harvest (H) NS
Treatment (T) = 0.014 Treatment (T) 0.010
HxT = 0.011 HxT 0.014
Storage (S) = 0.321 Storage (S) 0.317
HxS = 0.247 HxS = 0.253
HxSxT = 0.334 HxSxT = 0.348

T, = Shade cooling (Control);, & Hydro cooling; = Hydro cooling + CaGl T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Postharvest treatments showed a significant eftecttexture score.
Highest texture score of 4.51, 4.43 and 4.43 wasenied for T while as T
recorded the lowest mean texture score of 4.19 dad 4.4.11 in three harvest

dates H, H, and H, respectively.

Mean value of texture score decreased from 4.90daty to 3.43 after 100
days of storage. There was significant decreasexinire score during storage of

100 days under ambient conditions.

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on texture score of “Red Delicioapple under refrigerated
conditions is presented in Table 22. A mean maxinkexture score of 5.00 was

observed in Hand minimum of 4.79 in kat O day of storage.

Among treatments, highest texture score of 4.743 4and 4.69 was
observed for ¥ while as T recorded the lowest mean texture score of 4.3@ 4
and 4.47 in three harvest dates, H, and H, respectively and postharvest

treatments showed a significant effect on textomges

There was significant decrease in texture scorangstorage of 100 days
under ambient conditions. Mean value of texturaesd®ecreased from 4.90 at O

day to 4.21 after 100 days of storage.
4.3.3 Flavour score

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on flavour score of “Red Deliciowsgiple under ambient
conditions is presented in Table 23. A mean maxinflarour score of 4.90 was

observed in Hand minimum of 4.57 in Hat O day of storage.

Postharvest treatments showed a significant eftectflavour score.
Highest flavour score of 4.49, 4.57 and 4.44 waseoled in T, while T
recorded the lowest mean flavour score of 4.273 4/3d 4.22 in three harvest

dates H, H, and H;, respectively.
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Table-23 :

Effect of harvest dates, post harvest@atments and storage conditions on sensory flavoof apple

Harvest Storage .. Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 4.57 4.67 4.47 4.17 3.97 3.77 4.27 4.57 4.67 4.57 4.27 4.17 4.07 4.39
T, 4.57 4.67 4.47 4.27 4.07 3.87 4.32 457 4.67 4.57 4.37 4.27 4.07 4.42
H, Ts 4.57 4.67 4.57 4.47 4.37 4.17 4.47 4.57 4.67 4.57 4.47 4.37 4.37 4,50
Ta 4.57 4.67 4.47 4.37 4.07 3.97 435 4.57 4.67 4.57 4.37 4.27 4,17 4.44
Ts 4.57 4.67 4.57 4.47 4.37 427 4.49 4.57 4.67 4.57 4.47 4.37 4.37 4,50
SubMean 457 467 451 435 417 401 438 457 674. 457 439 429 421 445
________________________ T, 4.90 4.60 4.40 4.20 4.00 3.90 4.33 4.90 4.70 4.60 4.40 4.30 420 4.52
Ts 4.90 4.60 4.40 4.20 4.00 3.90 4.33 4.90 4.70 4.60 4.40 4.30 420 452
H Ts 4.90 4.70 4.60 4.30 4.10 4.10 4.45 4.90 4.70 4.60 4.50 4.40 430 457
2 T, 4.90 4.50 4.30 4.10 3.90 3.80 4.25 4.90 4.70 4.50 4.30 4.20 4,10 4.45
Ts 4.90 4.80 4.60 4.40 4.30 4.40 457 4.90 4.70 4.60 4.50 4.50 4,40 4.60
____________________ SubMean 490 464 446 424 406 402 439 490 704. 458 442 434 424 453
T, 4.77 4.37 4.27 4.07 3.97 3.87 4.22 4.77 4.57 4.47 4.37 4.27 4,17 4.44
T, 4.77 4.37 4.27 4.07 3.97 3.87 4.22 4.77 4.57 4.47 4.37 4.27 4,17 4.44
Y Ts 4.77 4.57 4.37 4.17 4.07 3.97 4.32 4.77 4.67 4.57 4.47 4.37 427 452
8 Ta 4.77 4.27 4.17 3.97 3.87 3.67 4.12 4.77 4.47 4.27 4.17 4.07 3.87 4.27
Ts 4.77 4.57 4.47 4.37 4.27 417 4.44 4.77 4.77 4.67 4.57 4.47 4.37 4.60
____________________ SubMean 477 443 431 413 403 391 426 477 614. 449 439 429 417 445
Grand Mean 4.75 4.58 4.43 4.24 4.09 3.98 4.34 4.754.66 4,55 4.40 4.31 4.21 4.48
""""""""""""""""""""""""" CD(p<00O5)  CD(pc0.OS)y
Harvest (H) = 0.124 Harvest (H) = 0.113
Treatment (T) = 0.107 Treatment (T) = 0.109
HxT = NS HxT = NS
Storage (S) = 0.112 Storage (S) = 0.105
HxS = NS HxS = NS
HxSxT = NS HxSxT = NS

T, = Shade cooling (Control);, & Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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There was significant decrease in flavour scoréendustorage of 100 days
under ambient conditions. Mean value of flavourrdased from 4.75 at 0 day to

3.98 after 100 days of storage.

Data pertaining to the effect of harvest datesthaosest treatments and
storage periods on flavour score of “Red Delicioagple under refrigerated
conditions is presented in Table 23. A mean maxinflanour score of 4.90 was

observed in Hand minimum of 4.57 in Hat O day of storage.

Postharvest treatments showed a significant eftectflavour score.
Highest flavour score of 4.50, 4.60 and 4.60 waseoked in § while T; recorded
the lowest mean flavour score of 4.39, 4.52 add ¢ three harvest dateg,HH,

and H;, respectively.

Mean value of flavour score decreased from 4.7bddy to 4.21 after 100
days of storage under refrigerated conditions deddecrease was statistically

significant.
4.3.4 Overall acceptability score

Studies were carried out to analyze effect of h&ingates, postharvest
treatments and storage periods on overall accéipyatii “Red Delicious” apple
under ambient conditions (Table 24). A mean maximawverall acceptability of

5.00 was observed inldnd minimum of 4.90 in gat O day of storage.

Postharvest treatments showed a significant effeatverall acceptability
score. Highest Overall acceptability score of 44181 and 4.30 was observed in
Ts while Ty recorded the lowest mean overall acceptabilityesad 3.78, 3.96

and 3.82 in three harvest dategs H, and H, respectively.

Mean value of overall acceptability score decreasiggificantly from

4.93 at 0 days to 3.23 after 100 days of storagemuambient conditions.

Data pertaining to the effect of harvest datesthaosest treatments and

storage periods on overall acceptability scofe‘Red Delicious” apple under
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Table-24 :

Effect of harvest dates, post harvest@atments and storage conditions on overall acceptéiby of apple

Harvest Storage .. Ambient storage (Days) . Refrigerated storage (Days)
dates 0 20 40 60 80 100 Mean 0 20 40 60 80 100 Mean
Treatment
T, 4.90 4.46 3.96 3.46 3.16 2.76 3.78 4.90 4.76 4.46 4.16 3.96 3.66 4.32
T, 4.90 4.56 4.16 3.76 3.36 296 3.95 4.90 4.76 4.46 4.36 4.16 3.86 4.42
H, Ts 4.90 4.66 4.66 4.26 3.96 3.56 4.33 4.90 4.86 4.66 4.56 4.36 4,16 4.58
Ta 4.90 4.56 4.46 4.06 3.76 3.26 4.17 4.90 4.86 4.46 4.36 4.16 3.96 4.45
Ts 4.90 4.76 4.66 4.46 4.16 3.76 4.45 4.90 4.86 4.76 4.66 4.46 4.26 4.65
SubMean 490 460 438 400 368 326 414 490 482 456 442 422 398 448
_______________________ T, 5.00 4.67 4.17 3.67 3.27 2.97 3.96 5.00 4.77 4,57 4.37 4.17 3.87 4.46
Ts 5.00 4.77 4.27 3.77 3.37 3.17 4.06 5.00 4.87 4.67 4.47 4.37 4.07 4.58
H Ts 5.00 4.87 4.47 3.97 3.77 3.57 4.28 5.00 4.97 4.87 4.67 4.57 437 4.74
2 T, 5.00 4.87 4.37 3.87 3.57 3.37 4.18 5.00 4.87 4.77 4.47 4.27 4.07 4.58
Ts 5.00 4.87 4.57 4.17 3.97 3.87 4.41 5.00 4.97 4.87 4.67 4.57 447 4.76
B SubMean 500 481 437 389 359 339 418 500 489 475 453 439 417 462
T, 4.90 4.46 4.06 3.86 3.16 2.46 3.82 4.90 4.66 4.36 4.26 4.06 3.56 4.30
T, 4.90 4.56 4.26 3.96 3.56 2.96 4.03 4.90 4.76 4.46 4.36 4.06 3.76 4.38
Y Ts 4.90 4.76 4.46 4.16 3.76 3.26 4.22 4.90 4.76 4.66 4.56 4.36 4,16 4.57
8 Ta 4.90 4.56 4.36 3.96 3.46 3.06 4.05 4.90 4.76 4.56 4.46 4.16 3.96 4.47
Ts 4.90 4.76 4.46 4.26 3.96 3.46 4.30 4.90 4.86 4.66 4.56 4.46 426 4.62
. Sub Mean 490 462 432 404 358 304 408 490 476 454 444 422 394 447
Grand Mean 493 468 436 398 3.62 3.23 413 493 482 462 446 428 4.03 452
""""""""""""""""""""""""" CD(p<00O5)  CD(pc0.OS)y
Harvest (H) = 0.01 Harvest (H) = 0.02
Treatment (T) = 0.03 Treatment (T) = 0.03
HxT = 0.05 HxT = 0.06
Storage (S) = 0.09 Storage (S) = 0.10
HxS = 0.12 HxS = 0.13
HxSxT = 0.13 HxSxT = 0.15

T, = Shade cooling (Control);»& Hydro cooling; = Hydro cooling + CaGJ T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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refrigerated conditions is presented in Table 24m&an maximum overall
acceptability score of 5.00 was observed aHd minimum of 4.90 in gat O

days of storage.

Highest overall acceptability score of 4.65, 4ar@l 4.62 was observed in
Ts, while T; recorded the lowest mean overall acceptabilityesad 4.32, 4.46
and 4.30 in three harvest dateg H, and H, respectively. Postharvest treatments

showed a significant effect on overall acceptabgitore.

There was significant decrease in overall accelityabcore during storage
of 100 days under ambient conditions. Mean valuewafrall acceptability score
decreased from 4.93 at 0 days to 4.03 after 106 dbgtorage.

4.4  Economic feasibility estimates

The effect of harvest dates, post harvest treatsrnemd storage period on
relative economics of “Red Delicious” apple storgtler ambient condition is
presented in Table 25. The analysis was carriedbilree different harvest dates
for different treatments in each harvest date. i#sellts reveal that the effect of
post harvest treatments was significant. The higeern of 1.96, 2.60 and 2.53
for each rupee invested was recorded in all hardadés H, H, and H,

respectively.

The mean value of return increased significantyrfi0.00 at O day to 2.87
after 100 days of storage under ambient conditidable 25 shows the effect of
harvest dates, postharvest treatments and storatfeenl Delicious” apple under
refrigerated storage.

Treatments showed significant effect on returnhi® treatment cost. The
highest return of 3.76, 4.00 and 3.86 were recorfbedTs (Hydrocooling +
Calcium Chloride + Wax), while lowest return of 3,33.50 and 3.30 were
recorded for T in all harvest dates HH, and H respectively.

Mean value of return increased from 0.00 at O da4.63 after 100 days of

storage under refrigerated environment.
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Table-25:  Economic feasibility estimation

Storage Ambient storage (Days) Refrigerated storage (Days)
HAIVEST mmmmm s oooooooooooooooooooo
dates Treatment 0 20 40 60 80 100  Mean 0 20 40 60 80 100 Mean

T, 0.00 1.07 1.33 1.33 2.00 2.67 1.40 0.00 1.71 291 3.73 3.79 435 3.30

Ts 0.00 1.43 1.90 1.90 2.86 2.86 1.83 0.00 2.68 2.95 3.83 4.55 496 3.79

H, T, 0.00 1.06 1.28 1.70 2.13 2.77 1.49 0.00 1.19 2.87 3.78 4.09 4.08 3.20

Ts 0.00 1.51 1.96 2.08 3.02 321 196 0.00 2.74 3.01 3.89 459 458 3.76

Sub Mean 0.00 127 162 175 250 287 1.67 0.00 2.08 294 381 426 4.49 3.51
S T, 000 133 133 173 200 267 18 000 183 309 387 421 452 350

Ts 0.00 1.90 2.38 2.86 2.86 295 2.59 0.00 2.93 3.28 3.95 4.75 5.04 3.99

H, T, 0.00 1.49 1.49 2.13 2.34 277 2.04 0.00 1.94 3.10 3.93 4.25 4.76 3.60

Ts 0.00 2.08 2.26 2.26 3.02 3.40 260 0.00 3.01 3.44 4.25 481 490 4.00

Sub Mean 0.00 1.70 1.87 2.25 2.55 2.95 2.26 0.00 2.43 3.23 4.00 451 4.86 3.80
S T, 000 133 147 160 200 240 176 000 171 291 360 411 417 330

T3 0.00 190 210 2.38 2.86 295 2.44  0.00 2.20 3.11 3.83 446  4.88 3.69

Hs T, 0.00 1.49 1.53 2.09 2.30 255 1.99 0.00 1.79 2.99 3.64 417 429 3.38

Ts 0.00 2.04 2.19 2.26 2.94 3.21 253 0.00 2.88 3.33 3.89 4.36 4.84 3.86

Sub Mean 0.00 1.69 1.82 2.08 2.52 2.78 2.18 0.00 2.14 3.09 3.74 427 454 3.56
- GrandMean 000 155 177 203 252 287 204 000 222 309 385 435 463 362

T, = Hydro cooling; &= Hydro cooling + CaG| T,= Hydro cooling + wax; = Hydro cooling + CaGl+ wax
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Chapter -5
DISCUSSION

5.1 Physical Parameters
5.1.1 Fruit length (mm)

A significant variation was observed in Fruit lemgit different harvest
dates. The mid harvested JHruits showed maximum fruit length (74.21 mm)
while as early harvested {Happles showed minimum fruit length (72.32 mm).
After the 100 days of storage mid harvested apfies proved to be the best to
retain maximum fruit length. The possible reasohife the retention might be
the less water loss and shrinkage than early atedHarvested apples. These
results are in accordance with Zerlghial. (1999), Juart al. (1999).

Among the treatmentssTHydrocooling + CaGl+ wax) remained the best
treatment to retain maximum fruit length while Bhade cooling) showed the
minimum fruit length. The reason behind might be #ffect of CaCl and wax
coating on the moisture loss and retardation gsirason (Baiet al, 2003). It is
clear from the (Table-1) that there is a continualékrease in fruit length
throughout the storage period. These results atenformity with those reported
by Khorshidi et al. (2010). Decrease in fruit length was more pronednm
ambient storage than in refrigerated storage.

5.1.2 Fruit diameter (mm)

Among different dates studied, early jHand late harvested §Hfruit,
showed minimum fruit diameter of 66.57 and 67.24,mespectively while fruits

harvested at mid stage fHshowed the maximum fruit diameter (67.35 mm).

After 100 days of storage mid harvestHruit recorded the maximum
fruit diameter. The possible reason might be tHeduticle development which

prevents the shrinkage while as the reason fontimemum fruit diameter in
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and H might be less cuticle development and more respiratrespectively.
These results are in accordance with Zerbini (129@)Juaret al (1999).

Among the treatmentssT(Hydrocooling + CaGl + wax) recorded the
maximum fruit diameter. Protective effect of Ca@hd wax on moisture loss and
shrinkage can be the possible reason. These fiadirgin agreement with Bei
al. (2003). As it is clear from the Table 2 that ther@s continuous decrease in
fruit diameter throughout the storage in all treatts and harvest dates. The
reason might be moisture loss and shrinkage (Kldirghal, 2010). Decrease in
fruit diameter was more pronounced in ambient gréhan in refrigerated

storage.
5.1.3 L/Dratio

During the study period L/D ratio changed accordimghe harvest dates
and varied significantly at different dates. Latevested (k) apples recorded the
maximum L/D ratio (1.08) while fruits harvestedestrly maturity (H) recorded
the minimum L/D ratio. After 100 days of storageyits harvested at late maturity
stage (H) showed the maximum L/D ratio while fruits hanexbtt early maturity
(Hy) showed minimum L/D ratio. These results resemviakh the statement of
Kvikliene et al. (2008).

All the treatments showed non-significant effectldD ratio. The reason
for non-significant effect on L/D most probably tisat we calculate L/D ratio
from length and breadth both of which showed sindlecreasing trend. As it is
clear from the Table 3 that there is no effect torage on L/D ratio. Ambient

storage showed more prominent changes than redtegestorage.
5.1.4 Fruit weight (g)

Late harvested apples showed the maximum fruit t€it66.40 g) while
as early harvested fruits showed minimum fruit wei@64.40 g) when effect of

harvesting dates was studied. After the storagegef 100 days fruit harvested
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at mid maturity (H) proved best to retain the maximum fruit weighte$e results
resemble with the work of Maguiet al. (2000).

Among the treatmentssT(Hydrocooling + CaGl + wax) proved best to
retain maximum fruit weight whereas {shade cooling) recorded the minimum
fruit weight. The reason behind the retention ofximaum fruit weight by §
might be the protective effect of calcium chlorided wax coating on moisture
loss hence more fruit weight. These results agmreement with the statement of
Bai et al. (2003).

There was continuous decrease in fruit weight dutie storage period in
all treatments as well as in harvest dates (Taplesth under ambient as well as
refrigerated storage conditions. Refrigerated ggoreecorded less changes than
ambient storage. The reason might be the continuegmration and water loss.
These results are based on the statement of Kidoeshal. (2010). Decrease in
fruit weight was more pronounced in ambient storthga in refrigerated storage.

5.1.5 Fruit firmness (Ib/inct)

Fruit flesh firmness is an important criterion fxfible quality and market
value of apples and loss of fruit flesh firmnessiserious problem resulting in
qguality losses (Kowet al, 2005). During storage study period, fruit firmgses
changed according to harvest dates and differeuifisigntly at different dates.
Later harvested (§) fruits had lower firmness (18.60 Ib/irdhthan H (19.40
Ib/inch?) and H (19.70 Ib/inch). After 100 days of storage apples harvested,at H
were of best quality. Rotkt al. (2005) reported that later harvested fruits had

shown lower firmness both at harvesting time anthi@end of storage period too.

The higher values of firmness in early harvesteddr(H,) may be due to
the higher calcium pectate content in early haededtuits. Moreover, in early
harvested fruits the enzyme activity is low espécipolygalacturonase which

results in less degradation of cell wall and hemoee firmness.
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Among different treatments,; TControl) recorded minimum firmness at
all harvesting stages while maximum firmness wasonded in case of sl
(Hydrocooling + CaGl+ Wax). This might be due to the fact that hydacw,
CaCh and wax had negative effect on moisture loss arayree activity which
helps in maintaining firmness. Similar results relyag effect of CaGland Wax
were reported by Wijewardaret al. (2009). Furthermore, CaLforms a thin
layer on surface of fruits which delays degradatmncess and also reduces
evaporation from fruits (Tabatabase al., 1998; Hayatet al, 2003). Wax coating
results in decrease in moisture loss (&aal, 2002). As it is evident from Table 5
that with prolonged storage there is deccreaseuih firmness. This deccrease in
firmness might be due to hydrolysis of pectin dgrstorage which resulted in
decreased firmness (Brummeit al, 2001; Miret al, 2004). More prominent
changes in fruit firmness were observed under amils®rage than refrigerated
storage.

5.1.6 Colour (L*, a*, b* values)

During the experiment period fruit colour L*, a** s)alues changed as per
the harvest dates and differed significantly athelaarvest date. Early harvested
apples H recorded the maximum L* and b* values (40.60 a6®Q) whereas

recorded the minimum values for a* (30.50).

After the storage period of 100 days fruits hameésat late maturity §
received the minimum values for L* and b* whereaasxmum values for a* was
recorded by fruits harvested at late stage of nigt(ld3). The reason behind the
higher a* values in harvest date thirdsfthight be the full pigment development
upto late stages of maturity. These results amgneement with Kviklienet al.
(2008).

Among the treatments treatment {Hydrocooling + CaGl + wax)
recorded the minimum values of L* and b* whereagdeived maximum values

for a*. The reason behind the higher a* values né®d by F might be protective
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effect of CaCl and wax on degradation of pigments. These resariés in

conformation with Baget al. (2003).

As it is evident from the Table-6, 6.1 and 6.2 ¢hevas continuous
increase in L* and b* values and decrease in atieslduring the storage period
irrespective of treatment and harvest dates. Tasore behind this increase in L*
and b* values and decrease in a* values might égidment degradation during
the storage. These results are in accordance vatiri¢tlezet al. (2010). Colour

changes were more pronounced in ambient storageritrafrigerated storage.
5.1.7 Rotincidence (%)

The soft rot of apple fruit is due to the developmef brown and watery
lesions on the skin of the apple that generallgmrdtinto the flesh (Watkins and
Rosenberger, 2002). During present study periodhcitence did not appear for
all the harvest dates changed according to hadatsts and differed significantly
at different dates. The maximum rot incidence waseoved in Hand minimum
in H,. Among the treatments T5 (hydro-cooling+Ca@lax) was found best
(Table 7). The lower rot incidence iry ight be because of the water used in
hydro-cooling which decreases the initial microbasdd, moreover wax creates a
barrier to the invasion of pathogen. The mean saiftincidence significantly
increased during storage and the increase was mdreits harvested at later
stage of maturity than fruits harvested at mid arye maturity stages (Kader,
1985). It is a common observation that the frures more susceptible to different
pathogens as they advance in ripening (Rober&toal, 1990) due to either
senescence (Murragt al, 1998) or more susceptibility to mechanical injury
(Kader, 2002). The decreased soft rot incidenceh wiicreased calcium
concentration may be due to the calcium-inducedydel natural ripening and
senescence (Agat al, 1999), which makes the fruit susceptible to pgéms. In
general fruits stored under refrigerated conditishewed less rot incidence than

ambient storage.
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5.1.8 Physiological loss in weight (%)

Moisture content of fruits is a major quality crite (Gorini et al, 1979;
Hatfield and Knee, 1988) and its loss from thetfus serious consideration.
Moisture loss decreases the visual quality andritrtes to the loss of turgor
pressure and subsequent softening (Vander-Bengl)19€ter 100 days of
storage apples harvested ai (8.74%) showed maximum weight loss and
minimum was observed in;H8.43%). Among treatments; Was found best and
showed minimum weight loss (Table 8). Since, theghtdoss in fruit depends on
moisture loss (Bidabet al, 1970; Ghafiret al, 2009), which is regulated by epi-
cuticular waxes which increase with maturation (LE2092). The high weight loss
in fruit harvested at early stage of maturation rbaydue to poorly developed
waxy surface and cuticle (Ihabt al, 1998; Sass and Lakner, 1998). The weight
loss in fruits increased linearly with increasesiarage duration due to water loss
and respiration (Blampired, 1981; El-Shennawi, 198@vlheiroet al, 2003;
Erturk, 2003; Ghafiret al, 2009). The decrease in weight loss with increase
CaChL + wax is in accordance with Ashore, (2000) and atat al. (2003).
Ambient storage showed higher PLPW than refrigeraterage.

5.2  Chemical parameters
5.2.1 Moisture content (%)

During storage study period results revealed thatistmre changed
according to harvest dates and differed signifiyaat different dates. Later
harvested (k) fruits had lower moisture content (80.89%) than(81..84%) and
H; (82.60%). After 100 days of storage apples haedestt H were of best
quality.

Later harvested fruits had shown lower moisturaeanboth at harvesting

time and at the end of storage period too (Yenagl, 1998).

The higher values of moisture in early harvesteddr(H;) may be due to

smaller fruit sizes effects as there is more maastass during early harvested

102



fruits because of immature cuticle formation. Mar@o in early harvested fruits
the enzyme activity is predominantly more espegiBME which results in more

degradation and hence increase in TSS.
5.2.2 Total Soluble Solids°Brix)

Total soluble solids of apple and other fruits isajor quality parameter
(Weibelet al, 2004; Peclet al, 2006). During storage study period TSS changed
according to harvest dates and differed signifiyaat different dates. Later
harvested (k) fruits had higher TSS content (14.&ix) than H (14.38°Brix)
and H (14.17°Brix). After 100 days of storage apples harveste#iawere of
best quality. Later harvested fruits had shown &ighSS both at harvesting time
and at the end of storage period too (Yehgl, 1998). The higher values of TSS
in early harvested fruits (jfimay be due to concentration effects as thereoiem
moisture loss during early harvested fruits becafisenmature cuticle formation.
Moreover, in early harvested fruits the enzymevagtiis predominantly more

especially PME which results in more degradatiodh la@nce increase in TSS.

Among different treatments,; {TControl) recorded maximum TSS at all
harvesting stages while as minimum TSS was recordethse of T5
(Hydrocooling + CaGl+ Wax). This might be due to the fact that botlCGand
Wax had negative effect on moisture loss which Itesm lower TSS due to
dilutions of solids. Similar results regarding effeof CaC} and Wax were
reported by Badsha#t al. (1994) and Hussain (2001) Furthermore, G4B8%)
forms a thin layer on surface of fruits which delalegradation process and also
reduces evaporation from fruits (Hayet al, 2003). Wax coating results in
decrease in moisture loss. As it is evident fronbl@al0 that with prolonged
storage there is increase in TSS. This increa3é&SH might be due to hydrolysis
of polysaccharide during storage which resultetharease in TSS (Hayat al,
2003; Mir et al, 2004). Refrigerated storage resulted in lesserease in TSS

than ambient.
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5.2.3 Acidity (%)

Apple cultivars have been shown to have signifighfierences in acidity
(Ali et al, 2004). During storage study period total acidivanged according to
harvest dates and differed significantly at différelates. Early harvested )H
fruits had higher acidity (0.363%) than ¥0.351%) and kI(0.330%). After 100
days of storage apples harvested atMdre of best quality. Early harvested fruits
had shown higher acidity at harvesting time butdoat the end of storage period
(Yonget al, 1998).

The lower values of acidity in late harvested Byits) may be due to the
breakdown of organic acids as a main respiratotystsate. Among different
treatments, T (Control) recorded minimum acidity at all harvagtistages. While
maximum acidity was recorded incase @f(fiydrocooling+ CaGl+ wax). This
might be because of the fact that hydrocooling, Iga®d wax reduces the
respiration rate which results in maintained agidiver a long period. Similar
results regarding effect of CaCand wax were reported by Hussain (2001).
Furthermore, as per the data given in Table 3 (galelays degradation process
and wax coating results in decrease in respiraiten As it is evident from Table
11 that with prolonged storage there is decreaseidity. This decrease in acidity
might be due to oxidation of organic acids duririgrage which resulted in
decrease in acidity (Drake and Spayed, 1983). [@seren acidity was more

pronounced in ambient storage than in refrigeratechge.
5.2.4 Total sugars (%)

The sugars content, sucrose, glucose, fructosesartuitol, in fruit flesh
contribute to the fruit sweetness, and is one efrtlajor characteristics of fruit
guality and market value. The apple fruit accunauktarch at the early stages of
maturation that is later on hydrolyzed to sugaredible maturity (Magein and
Leurquin, 2000). The starch to sugars conversionticoe during storage

(Beaudryet al, 1989), resulting in increased total sugars wtthragge duration
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(Bidabeet al, 1970; Crouch, 2003). Results obtained duringasgerstudy period

showed that fruit total sugars changed accordingarvest dates and differed
significantly at different dates. Later harvestéty)(fruits showed higher sugar
content (18.60%) thanH19.40%) and K (.19.70%). After 100 days of storage

apples harvested atiere of best quality.

The lower values of total sugars in early harvesteis (H;) may be due
to the higher starch content in early harvesteilsfrivioreover, in early harvested
fruits the starch degrading enzyme activity is legpecially amylases which

results in degradation of starch in to simple ssigar

Among different treatments,; {Control) recorded maximum total sugars
at all harvesting stages. Minimum total sugars wesorded in case ofsT
(Hydrocooling + CaGl+ Wax). This might be due to the fact that hydacw,
CaCl and wax reduces enzyme activity which helps innta@ming the starch.
Similar results regarding effect of Ca@nd wax were reported by Wijewardane
et al. (2009). Furthermore, CagLforms a thin layer on surface of fruits which
delays degradation process and also reduces eviapdiram fruits (Hayaet al,
2003). Wax coating results in decrease in moistloss thus prevents
concentration effect. As it is evident from Tal that with prolonged storage
there is increase in total sugars. This increastotal sugars might be due to
hydrolysis of starch and other higher polysaccridesng storage which resulted
in higher total sugars (Brummett al., 2001; Mir et al, 2004). When differnr
srorge conditions are evaluated, ambient storageecha greater increase in total

sugars than in refrigerated storage.
5.2.5 Juice content (%)

The juice content of apple fruit depends on wates@nt in the fruit (Allan
et al, 2003). Juice content differed significantly affetient dates during present
study. Mid harvested (@@ fruits had higher Juice content (49.50%) thasy H
(49.20%) and K (49.20%). After 100 days of storage apples haedeat H and
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among treatmentssT(hydro-cooling + CaGl+ wax) were of best quality (Table
13). The loss of juiciness is attributed to thesl@$ moisture during storage.
Calcium chloride and wax coating materials prevergsecape of water through
fruit surface, thus explaining higher juice contémttreated fruits compared to
control. Guptaet al. (1987) also observed decrease in juice conterftRet
Delicious” apple during storage. The juice contganerally declined with
increasing storage duration (Alla al, 2003). The significantly lower decrease
in juice yield in samples treated with calcium c¢ide can be explained due to the
inhibitory effect of combinatory treatments on piloy@gical processes responsible
for the loss of turgor pressure and membrane inye@russainet al., 2008).
Decrease in juice content was more pronounced ibiearh storage than in

refrigerated storage.
5.2.6 Calcium content (mg/100g)

Calcium is an important quality parameter in fruitecause it is
constituent of cell wall. Calcium content changedaading to harvest dates and
differed significantly at different dates. Earlyrhested fruits (k) showed highest
values (6.90 mg/100g) for calcium content while latirvested fruit (k) showed
lowest values (6.70 mg/100g). After 100 days ofege fruits harvested at early
maturity (H) showed the maximum calcium content at the timbas¥esting and
at the end of storage. The reason behind the nabceim in early harvested fruits
might be reduced fruit size and more moisture ldssng the storage. These

results are in accordance with Gorinstetral. (2001).

Among different treatmentss{Thydrocooling + CaGl+ wax) recorded the
maximum calcium content followed by Thydrocooling + calcium chloride) and
the minimum calcium content was found in (Bhade cooling). The reason for
higher calcium content insI{hydrocooling + CaGl+ wax) might be because of
the post harvest treatment with calcium chlorideciwhincreases the calcium
content of apple fruit (Dewey and Lee, 1980). Iteident from the Table-14
there was continuous increase in calcium conterdngnall the treatment and
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harvest dates during storage. The reason behindb@mdgss in moisture which
increases Ca concentration and not due to the esistlor any other mechanism.
Ambient storage caused more loss of moisture iagul higher concentration of

Ca than refrigerated storage.
5.2.7 Pectin content (%)

During the study, pectin content changed accordinthe harvest dates
and varied significantly at different dates. Latarvested fruit H showed
minimum pectin content (1.38%) while early harvdstapple H showed

maximum value of pectin (1.61%).

At the end of 100 days storage period early haedeapples retained the
maximum pectin while late harvested apples show@dnmm pectin content.
The most probable reason for higher pectin conteng¢arly harvested apples
might be due high calcium pectate in less matunésfrand low pectinolytic
activity. These results are in accordance with @atal. (2007) and Kviklienest
al. (2008).

Among different treatmentssThydrocooling + CaGl+ wax) proved to be
the best treatment combination to retain maximugtipeontent as compared to
other treatments while ;T(control) showed the minimum retention of pectin
content. The main reason behind the retention ofippdy Ts (hydrocooling +
CaCh + wax) might be due to slow down of the respimatiate as well as
pectinolytic enzyme activity (which solublizes thpectin) because of
hydrocooling, calcium chloride and wax treatmenthe3e results are in
conformation with Asthari (2004).

There was continuous decrease in pectin contentugiout the storage
period in all treatments (Table 15). This might dige to the enzyme activity
particularly methyl pectin esterase and polygalactase (Wijewardanet al.,
2009; Naraet al, 2001). Decrease in pectin content was more proced in

ambient storage than in refrigerated storage.
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5.2.8 Anthocyanin (mg/100g)

Anthocyanin changed according to harvest datesvanéd significantly
with each harvest date. Late harvested fruitssHowed highest anthocyanin
(33.30 mg/100g) content while (H early harvested showed minimum

anthocyanin content (30.30 mg/100g).

After the 100 days of storage {Hlate harvested apple retained the
maximum anthocyanin content then Bnd H. The reason behind the highest
anthocyanin in late harvested apples might be dualk colour development by
associated enzymes (PAL) and the lowest anthocyarth early harvested apple
might be due to more chlorophyll than anthocyanin.

Among the treatmentssT(hydrocooling + CaGl+ wax) proved best to
retain the maximum anthocyanin than other treatmeértie reason behind this is
the protective effect of precooling, Ca@nd wax an overall degradation of fruit
Wijewardane and Guleria (2009).

As it is clear from the Table-16 that there wastitmous decrease in
anthocyanin content in all harvest dates as weltesgments. This may be due to
the progressive senescence of fruit tissue whiclolves the degradation of
pigments (Wijewardane and Guleria, 2011). Decr@asmthocyanin content was

more pronounced in ambient storage than in refatger storage.
5.2.9 Ascorbic acid (mg/100g)

Ascorbic acid is usually considered as an indexutfient quality in apple
fruit. Ascorbic acid is a bioactive compound havangioxidant properties (Lata,
2007). During present study ascorbic acid changedrding to harvest dates and
differed significantly at different dates. Laterrhasted (H) fruits had higher
ascorbic acid content (12.50 mg/100g) than(#.40 mg/100g) and H11.90
mg/100g). After 100 days of storage apples hardestét and among treatments
T5 (hydro-cooling + CaGH wax) were of best quality (Table 17).
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Generally, the fruit harvested at early maturityd Hawer ascorbic acid
indicating that the fruit may have still been sydizing ascorbic acid when
harvested at the early mature stages. Since theadbgn of ascorbic acid is
faster at higher than lower temperature (PardicaSetlal, 1994). The ascorbic
acid loss during storage is known to be due t@msoxidant activity especially
under postharvest storage conditions (Dasewl, 2000). The ascorbic acid can
be irreversible oxidized (Parviainen and Nyyssornk392; Pardio-Sedast al,
1994), thus causing a decrease during storage (@odgdWatkins, 2008). The
retention of relatively high ascorbic acid with thgplication of CaGland wax
may due to the lower respiration rate and regutatiboxidative processes in the
cytosol responsible for ascorbic acid degradatiGauét and Shear, 1972).
Decrease in ascorbic acid was more pronounced ibieam storage than in

refrigerated storage.
5.2.10 Polyphenol (mg/100g)

Harvest dates had a significant effect on totayploénol. Early harvested
fruits H; had shown maximum total polyphenol content (2.80100g) while mid
harvested apples gHshowed minimum total polyphenol content (2.65 10§4Q).
After the 100 days of storage period early harvkestpples (H) showed the
maximum polyphenol content than Hnd H The reason behind the higher level
of polyphenol in early harvested apple (H1) migatdue to the reduced size, less
break down and less ROS (Reactive oxygen specresjugtion due to stress.
Since polyphenols are natural scavengers of frdieals. These results are in

accordance with Malinat al. (2005).

Among the treatments T(shade cooling) recorded the minimum total
phenol content while assThydrocooling + CaGl+ wax) recorded the maximum
concentration of total phenol. The main reasontrzkthe higher polyphenol insT
(hydrocooling + CaGl+ wax) might be the protective effect of calciuhiaride

and wax coating an oxidative stress, hence lestuptmn of free radicals and less
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break down of amino acids. These results are imrdecice with Suzyet al.
(1998).

It is evident from the (Tabe-18) that there wasticmous decline in total
polyphenol content throughout the storage periodspective of harvest and
treatments. This might be due to the more prodnctib ROS during storage.
Decrease in polyphenols was more pronounced in emhlstorage than in

refrigerated storage.
5.2.11 Pectin methyl esterase activity (MeOH equal® [umole/litre/day]

Observations recorded depict that late harvestquesp(H) showed
highest pectin methyl esterase activity (31i2vole/litre/day) where as early
harvested apples (H showed lowest pectin methyl esterase activity.429

umole/litre/day).

After the 100 days storage the mid harvested applerecorded the
minimum pectin methyl esterase activity while latrvested applesHshowed
the maximum activity. The reason behind the loveesivity in H, might be the
less activity of methyl pectin esterase enzyme wtume fruit than immature
(Harrimanet al, 1991).

Among the treatmentssT(hydrocooling + CaGl + wax) recorded the
minimum pectin methyl esterase activity while agdhade cooling) recorded the
maximum activity. The reason behind the low aggivit Ts (hydrocooling +
CaClb + wax) might be the effect of treatments appliddolv are known to reduce

enzyme activity (Wijewardane and Guleria, 2011).

There was a continuous increase in pectin methjgrase activity
throughout the storage period (Table-19). The measehind this continuous
increase might be de-esterification of polyuronitgsremoving methyl group
from the C6 position of galacturonic acid resid@idiigh molecular weight pectin.
This demethylation of pectin to their free carbogybups changes the pH and

change in cell wall, allows the aggregation of pobnides into a calcium linked
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gel structure, and makes the polyuronides susdeptib degradation by
polygalactouronase (Pressey and Avants, 1982; t@agmd Gibeaut, 1993).
Decrease in PME was more pronounced in ambienaggothan in refrigerated

storage.
5.2.12 Polygalacturonase activity (% loss in viscitg)

During the whole study interval viscosity changextading to harvest
dates and differed significantly at different datése late harvested apples H
(10.20%) showed the highest loss of viscosity whesethe fruits harvested at
early (H) recorded the minimum (8.60%) loss of viscosity.

After the 100 days of storage mid harvested apfteg showed the
minimum loss of viscosity while as late harvestgglas showed the maximum
loss of viscosity. The most possible reason belied higher viscosity loss in
early (H) and late harvested appless Hnight be the higher pectin methyl
esterase activity in early and late mature appiégse results are in accordance
with Rayet al.(1988) and Harrimaat al. (1991).

Among the treatmentssT(hydrocooling + CaGl+ wax) proved best to
retain the maximum quality whereas (Control) retained the minimum quality.
The reason behind the maximum quality retentio $¢hydrocooling + CaGl+
wax) might be due to the negative effect of hydmdic and calcium chloride an
enzyme activity. Moreover coating also reduces sece and enzyme activity
(Kleeberg, 1996).

As it is evident from the Table-20 there was a twaus increase in loss
of viscosity throughout the investigations irredpex of harvest dates and
treatments. The reason behind this loss of visgasight be the increased activity
of pectin methyl esterase and polygalacturonasmglstorage (Wijewardane and
Guleria, 2009). Decrease in PG was more pronoummcadhbient storage than in

refrigerated storage.
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5.3  Sensory evaluation
5.3.1 Colour

During the period of study colour changed accordmparvest dates and
different significantly at different dates. Latesfrind mid (H)harvested fruit had
got maximum scores for colour (4.99) than(k.88).

After 100 days of storage apples harvested at (&nained the best with
respect to color scores. Late and mid harvestetesghowed maximum score.
The reason behind may be the synthesis of anthotwyaipto the later stages of

maturity.

Among different treatments;Trecorded the minimum values for colour
whereas § (Hydrocooling + CaGl+ Wax) received the higher values. This might
be due to negative effect of hydrocooling, Ca&ld wax coating on senescence
of fruit. Coating materials have been reported taintain the skin colour
(Habibuniseet al, 1988).

As it is clear from the Table-21 that with the mded storage there is

considerable decrease in colour. These resultsaenformation with Miret al.
(2004).

5.3.2 Texture

Texture scores change according the harvest dateditier significantly
at different harvest dates. Late harvested) (irlits had lower sensory texture
(4.79) than H (4.90) and H (5.00). After 100 days of storage apples harveated
H, retained best texture. Late harvested fruits eava lower sensory texture at
harvesting time and at the end of storage periodk(ide et al, 2008). The
reason behind the higher values of texture jmtight be due to the higher level

of calcium pectate and slow activity of pectic emeg.

Among different treatments ;T(control) recorded the minimum score
while maximum texture score was recorded in cask @fiydrocooling + CaGl+

wax). This might be due to the fact that all thenbined treatments (hydrocooling
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+ CaC} + wax) applied had negative effect on the pecegrdding enzymes.
Moreover calcium chloride is best known fat itstteg enhancing function. As it
is evident from the Table-22 that with the advaneemof storage there is
decrease in texture score. Mat al. (2004) reported similar findings while

working with storage studies of apple.
5.3.3 Flavour

There was a significant effect of harvest datedlavor scores of apple.
Early harvested (b fruits had lower scores for flavor (4.57) thandnaind later
harvested apples i.e.,H4.90) and H (4.77). After the storage period apples
harvested at mid i.e. 4ot the maximum score for flavor after the storaQee
reason behind the maximum score forftdits might be due to balance sugar acid
ratio and the reason behind the lowest score fanight be less sugar and aroma

compounds.

Among different treatmentssThydrocooling + CaGl+ wax) recorded the
maximum score for flavor. While as; Tshade cooled) received the minimum
scores. These results are in accordance withelal. (2004). The reason behind
the maximum scores forsThydrocooling + CaGl+ wax) might be due to less
moisture loss which results in maintenance of kadrsugar acid ratio due to less

pronounced biochemical reactions.

As it is clear from the Table-23 there was contumidecrease in flavor

scores with the advancement of storage (Habibwatiah 1988).
5.3.4 Overall acceptability

During study overall acceptability changed accagdim harvest dates and
differed significantly at different dates. Late agatly harvested apples i.e; &hd
H, and shown lower values for overall acceptabidyQ) while as mid harvested
apples (H) got maximum score (5). After 100 days of storagples harvested at
H. retained the best quality. Late harvested fruitd shown lowest scores at the

time of harvest and at the end of storage peridte bwer values of overall
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acceptability in H may due to the lower content of sugars and aramdairalate
harvested apples may be due to higher sugar asdfitesness (Hussaiet al,
2012).

Among different treatments;T(control) recorded the minimum andg T
(hydrocooling + CaGl+ wax) recorded the maximum score. The reasombehi
this might be due to synergestic effect of treatthesn delaying the process
responsible the decaying, solublization of pectird doss of moisture and
volatiles (Hayaet al, 2003).

As it is depicted in Table-24, with the advancenudrgtorage period there
is decrease in overall acceptability. This decreaseerall acceptability might be
due to the loss of moisture, increase in sugargedse in firmness and volatiles
(Sudet al, 1992).

5.4 Economic feasibility estimation

During the analysis of “Red Delicious” apple foroaomic feasibility,
significant differences were observed at differeénte intervals during storage
period on returns to treatment. The highest mearevaf 3.40 and 4.90 in harvest
date second (H for treatment ¥ (hydrocooling + CaGl+ wax) under ambient
and refrigerated conditions, respectively. The eadasehind the higher returns to
treatment might be due to the effect of differeaatments and harvesting stage to

retain maximum quality attributes.

As it is evident from the data presented in Tallettfere was continous
increase in returns to each rupee invested thrtheistorage period of 100 days.
The reason might be the non-availability of prodiro& during off season.
Treatment § (hydrocooling + CaGl + wax) proved most viable returning

treatment to producers.
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Chapter — 6
SUMMARY AND CONCLUSION

The experiment on “Effect of harvest dates andhmosest treatments on
qguality and shelf life of stored apple cv. “Red iDelus” was carried out at
Department of Postharvest Technology SKUAST-Kashi@halimar, Srinagar,
Jammu and Kashmir during 2011 and 2012. Fruits weoeured from the
orchard of Mohd Afzall Ganaie Shadimarg Pulwama, ld@meters from
Srinagar. These were harvested at three stagearoédt maturity at seven days

interval representing early {(Hmid (H,) and late (H) harvesting stages.

Fruit length differed significantly at differenates of harvest. The highest
mean maximum fruit length of 74.21 mm was obsenvedhid harvested apple
(H2) at zero day of storage. Treatments showed aiyp®®tfect on retention of
fruit length. The highest fruit length of 70.36 mmas recorded in sl
(hydrocoolng + CaGl+ wax). Storage showed a considerable effect ait fr
length. The mean fruit length after the end ofagerperiod was 62.26 mm under
ambient and higher under refrigerated storage.

Harvest dates showed a significant effect on fdiatneter, fruit diameter
varied with the harvest date. The maximum fruitnééer of 67.35 mm was
showed by harvest daté“qH,) at zero (0) days of storage. All the treatments
proved to be the effective in retaining fruit digere Among treatmentssT
(hydrocooling + CaGl+ Wax) recorded the maximum fruit diameter of 8.1
mm. At the end of 100 days storage period the nmeaximum fruit diameter of
52.68 mm was recorded under ambient and increeske@s were recorded in

refrigerated environment.

Mean maximum L/D ration of 1.08 was recorded i laarvested apples

(Hs) at zero days of storage.

All the postharvest treatments applied remained liesretain L/D ratio

but the highest L/D ration of 1.12 was recordedrin(hydrocooling + CaGl+
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Wax). There was continuous increase in L/D ratibe Tnean maximum L/D

ration of 1.15 was recorded at the end of storagkeuambient condition.

Harvest dates showed significant effect on fruiight and differed with
different date, maximum fruit weight of 166.40 (gas recorded in late harvest
apples (H) at zero (0) days of storage. Postharvest tredsmgroved best to
retain fruit weight. The highest fruit of 164.53) (@as observed in treatmeng T
(hydrocooling + CaGl+ Wax). Fruit weight decreased significantly dgrithe
storage maximum fruit weight recorded at the end@® days of storage was

160.87(g) under ambient conditions but higheeimigerated.

Fruits of “Red Delicious” apple showed significalesponse to maturity
stage. The maximum fruit firmness of 19.70 Ib/inefas exhibited by early
harvested fruit (k) at zero (0) day of storage. Among treated frireatment §
(hydrocooling + CaGl + wax) recorded the maximum firmness value of Q7.0

Ib/inch? under ambient conditions.

Decreased firmness was observed in all treatmemds rervest dates
during storage, however the decrease were moraninieat than refrigerated
storage. The highest value for fruit firmness rdeor was 13.23 Ib/inéhat the
end of storage under ambient conditions.

Harvest maturity showed significant effect on Lablues. The mean
maximum L* value of 40.60 was observed in Whereas maximum mean value
of 31.72 for a* was recorded inzldnd the maximum mean value of 16.90 for b*
was recorded in harvest date H1.Postharvest tregsnpeoved best to retain LAB
values. Among treatments the highest value of L*043was observed for,T
(Control). Whereas maximum a* value of 30.03 wamréded in F (hydrocoolng
+ CaC} + wax) and the maximum b* value of 18.37 was rdedrin treatment T
(Control).

There was significant increase in L* and b* valuksing storage. The

maximum values of 38.00 and 20.85 were recorded_faand b* at the end of
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storage respectively whereas the maximum a* vakeord after the end of
storage was 27.01 under ambient conditions. Thaegalvere different under

refrigerated storage.

The mean maximum rot incidence (0.00%) was obsefeedall the
harvest dates at the O day of storage. Posthamesdments showed significant
effect on rot incidence. The highest percentagéenatlence of 1.57 was recorded
in early harvested fruits @) Rot incidence increased during the storage. The
maximum rot incidence of 3.86 per cent was recoatetie end of storage period

of 100 days under ambient period and under refiigerincidence was much less.

The mean physiological weight loss of 0.00 per aea$ observed in all
harvest dates at zero day of storage. Treatmerdgegr effective to retain
moisture content of “Red Delicious”. The mean nmaxm weight loss of 8.74

per cent was observed for treatmentgcbntrol).

Continuous weight loss was recorded during theagmioss was less in
refrigerated storage than ambient. Maximum mean RifV¥6.55 per cent was

recorded after the storage under ambient conditions

Harvesting stage showed a significant effect onstnoé content of “Red
Delicious” Apple the mean maximum moisture contefit82.60 per cent was
recorded in early harvested fruits jrat O day of storage. Among treatments T
(hydrocoolng + CaGl+ wax) recorded the mean maximum moisture corgént
75.13 per cent. Moisture decreased during the wsimeage period the loss was
more pronounced in ambient than refrigerated storaghe maximum value of
65.98 per cent for moisture was recorded afterd®}® of storage under ambient

conditions.

The effect of harvest dates was significant dursigrage on “Red
Delicious” apple.

The highest Total Soluble Solid (TSS) was foun#i{14.54 %) at O day

of storage. Among the treatments(@ontrol) showed the maximum TSS of 16.91
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per cent in harvest date {H After the 100 days of storage under ambient
environment the maximum mean value of TSS increaged 17.92 per cent.
However the values were much more lower in refatgd storage than that of

ambient.

Significant effect of harvest maturity on aciditly“®ed Delicious” apple
were observed under ambient storage. The maximudityaof 0.363 per cent
was recorded in early harvested fruit;(Ft O day of storage. Treatments also
showed significant impact on total aciditys Thydrocoolig + CaGl + wax)
showed maximum acidity of 0.335 per cent under amtbstorage. At the end of
storage, the acidity decreased up to 0.239 per. ¢®wever under refrigerated

storage the higher values of acidity were observed.

At different stages of maturity the per cent totaligar differed
significantly. The highest total sugar of 10.26 pent was observed in late
harvested apples gHat 0 days. All treatments showed significant &ffen total
sugars. The highest total sugars was recordedchéotreatment 1(13.03) there
was continuous increase in total sugar during gearahe highest value of 13.75
per cent was recorded after the end of storageoghefihe increase was less

pronounced under refrigerated conditions.

Harvest maturity showed significant effect on juicentent of “Red
Delicious” apple. The highest juice content of BBpg&r cent was recorded in mid.
Harvested apples ¢gfiat zero day. Among the treatment maximum juiceteat
of 50.33 per cent was recorded ig (hydorcoolig + CaGl + wax). There was
significant decrease in juice content under ambilean refrigerated environment
at the end of storage. The juice content decreapetb 37.24 per cent under

ambient conditions.

Calcium content of “Red Delicious” apple showedighs difference with
respect to harvest maturity. The maximum calciumteat of 6.90 (mg/100g) was

recorded in early harvested appleiHPost harvested treatments showed a
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significant effect on calcium content of fruit. Theghest mean value of 7.05
(mg/100g) calcium content was recorded in treatnigrfhydrocoolng + CaGl+

wax). There was significant increase in calciumtennin fruit during storage but
increase was less in refrigerated storage. Theebtghalue of 7.05 (mg/1009)

Calcium was observed at the end of 100 days ohgéounder ambient conditions.

Significant effect of harvest maturity was obsenad pectin content of
apple. The mean maximum pectin content of 1.61cpat was recorded in early
harvested apple () at the O day storage. Among the all treatmenis T
(hydrocoolng + CaGl+ wax) showed the maximum pectin content of 1.28 p
cent there was significant decreases in pectin urashebient storage. The
maximum mean value of 0.62 per cent was recordéldeagnd of storage period.

The figures were on higher side under refrigerat@dronment.

Anthocyanin content of “Red Delicious” apple chathgggnificantly with
harvest maturity. The maximum anthocyanin conten8&30 (mg/100g) was
observed in late harvested fruitgjHat O days of storage. Treatments showed a
significant effect on total anthocyanin content. dug the treatments sT
(hydrocoolng + CaGl+ wax) recorded the maximum anthocyanin content of
31.68 (mg/100g). During storage there was declmarithocyanin content. The
highest decline was recorded under ambient statage refrigerated .The mean
value of 28.05 (mg/100g) C was observed at the addfnstorage under ambient

environment.

Ascorbic acid content of “Red Delicious” apple sl significant
correlation with harvest maturity. The maximum ab@o acid content of 12.50
(mg/100g) was recorded in late harvested fruit) (et O day storage. All the
treatments showed a significant effect on ascodumiml content. Among the
treatments § (hydrocoolng + CaGl+ wax) showed the maximum ascorbic acid
content of 9.48 (mg/100g). Ascorbic acid showedgaiicant decrease during

storage. The maximum ascorbic acid content of 4mM@/100g) was observed
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under ambient conditions. Higher values were remdrdinder refrigerated
conditions at the end of storage period

Polyphenol content differed significantly at diéet harvest dates. The
highest value of polyphenol conten (mg/100g) veamd in early harvested apple
(H,) at zero day storage. Treatments showed a signtfieffect on polyphenol
content. The value of 2.65 (mg/100g) was obsermedréatment J (hydrocoolng
+ CaC} + wax). Continuous decreases in polyphenol coMeastrecorded during
storage. The decrease was more prominent in amtiiantrefrigerated storage.
The highest value of 2.42 (mg/100g) was recoiafeel the 100 days of storage

under ambient environment.

“Red Delicious” apple showed a significant diffeces in pectin methyl
esterase activity with respect to harvest maturitge highest pectin methyl
esterase activity of 31.27 was observed in latedsded fruits (H) at zero day
storage. Postharvest treatments showed a sigrifieact on pectin methyl
esterse activity. Pectin methyl esterase activity4®.17 was recorded insT
(hydrocoolng + CaGl+ wax). There was continuous increases in pecethyh
esterase activity during storage, the increase mvase in H under both the
storage conditions, however, the increase wasitessrigerated conditions. The

highest value of 49.43 was found at the end ohg®under ambient storage.

Polygalacturonase activity of “Red Delicious” appliéfered significantly
with respect to harvest dates. The highest polggalanase activity of 10.20 (%
loss in viscosity) was observed in late harvestedtsf (H;) at 0 day storage.
Treatments also showed significant effect on pdbgiaronase activity. Among
all the treatments 1T(control) recorded the maximum polygalacturonaseivity
of 14.25 (% loss in viscosity) in late harvesfeld) fruits. At the end of storage
polygalactouronase activity increased up to 18%i3Idss in viscosity) under

ambient conditions however loss was less in refaigel storage.
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Among all the harvested dates. Harvest daig2,) was awarded higher
scores of 4.99 at the 0 day storage. Treatmemtwesh a significant effect on
sensory colour scores. Among treatment (Rydrocoolng + CaGl + wax)
recorded the maximum mean score of 4.94. Thereosasnuous decreases in
sensory colour during storage, maximum mean sco#e6d was recorded at the
end of storage in ambient storage and higher nigerhited storage.

Early harvest fruits (i) proved best in terms of sensory texture. The
maximum mean sensory texture score of 5.00 wagdedan harvest date first
(H1). Among the treatments maximum beneficial effdctti@atment on retention
of firmness was recorded in case @f (Rydrocoolng + CaGl+ wax) and was
awarded mean sensory texture score of 4.51 undeieabcondition. At the end
of storage period the highest mean value of 3.48 wl@served under ambient

however scores were higher in refrigerated comaliti

The panellists awarded the maximum scores of 4B8dnsory flavour to
harvest date Hat zero (0) days of storage. All treatments prawelde effective in
retaining flavour of fruit but panellists awarddxuk tmaximum score of 4.57 to the
treatment T (hydrocoolng + CaGl+ wax) flavour scores declined significantly
with the advancement of storage decline was mor@mbient than refrigerated
storage. The maximum scores of 3.98 was recordedtat end of storage under

ambient condition.

The overall acceptability scores on the basis n§agy colour, texture and
flavour changed significantly in accordance withrvegt maturity, panelists
awarded the maximum score of 5.00 in case of middséed fruit (H) at zero
day storage. Among the treatment(fiydrocoolng + CaGl+ Wax) received the
maximum score of 3.23 at the end of storage unihrient condition, however,
the values were different under refrigerated sterag

During the analysis of “Red Delicious” apple fooaomic feasibility the

returns to the investment differed differently witorage intervals. The highest
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mean return value of 3.40 per rupee invested umldapient and 4.90 under
refrigerated storage for treatmentim harvest date fvere recorded.

CONCLUSIONS

The result of the present investigation revealeat titne influence of
Harvest dates on “Red Delicious” apple quality igngicant. Optimum harvest
maturity is essential to maintain juiciness, colawxture, flavour and over all
acceptability during the ambient as well as refiaged storage. All the treatments
showed positive effect on overall quality of “Re@élious” apple. Among all the
Treatments § (hydrocoolng + CaGl+ wax) were promising and beneficial
followed by Tz (hydrocoolig + CaG). The fruit quality on the basis of sensory
scores was not adversely affected by such postebatveatments under both
storage conditions. All the treated fruits were mt&ined in good quality up to
100 days of storage in comparison to control. Th&tharvest treatments of “Red
Delicious” thus helped to maintain the quality iatites over a span of 50 days
under ambient conditions and over 100 days ingefdated conditions without
much change in sensory quality. These low costrireats proved profitable for
the persons involved in the business and enabliogeay to make decisions as per
the demand in market. These treatments shall poeweficial in fetching good

price of the produce.
RECOMMENDATIONS

1) “Red Delicious” apple has superior quality due t® high juice
content, ascorbic acid and fruit flesh firmness.
2) Early harvested fruits (bl were found to have highest weight loss

and least juice content, thus early harvestedsfrsitould not be

stored long.

3) Fruits harvested at mid ¢Hhad relatively less rot incidence and
maintain maximum quality attributes like firmnegsectin and

acidity and are recommended for long storage.

122



4)

5)

6)

Late harvested fruits become mealy, soft and haavstigher rot
incidence and thus can not be recommended fordtorgge.

Refrigerated storage is far better to retain maxmguality

attributes up to 6 month than ambient storage.

Effect of post harvest treatments had significdfeéc on retention

of overall quality.
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