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Abstract Peach (Prunus persica) fruits of cv. ‘Earli
Grande’ were treated with CaCl2 (4 and 6%) and stored at
0–2 °C and 85–90% RH for 21 days followed by storage at
ambient conditions (28–30 °C, 65–70% RH) for 72 h.
CaCl2 at 6% effectively in reduced spoilage, physiological
loss in weight (PLW) effectively reduced and maintained
fruit firmness, palatability rating, acidity, vitamin A content
and pectin methyl estrase (PME) activity during storage.
Results revealed that peach fruits harvested at optimum
stage followed by post-harvest dip in 6% CaCl2 solution for
10 min can be stored for 3 weeks in cold storage (0–2 °C,
85–90% RH) with post-storage shelf-life of 3 days at
ambient conditions (28–30 °C, 65–70% RH) with accept-
able edible quality of fruits.
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Introduction

Peach fruits have short post harvest life. The high
temperature accompanied by low RH during harvesting
and marketing are the major factors which reduce the post
harvest life of peach. Under normal storage conditions the
life of fruit does not exceed 3–5 days (Tonini and Tura
1998). Different chemicals and growth regulators have been
reported to extend the shelf life of many fruits (Ochel et al.
1993). Post-harvest application of CaCl2 reported to
enhance the storage life of apples (Sams et al. 1993).
Present investigations were undertaken to study the effect

of post harvest treatment of CaCl2 on storage life and
quality of peach fruits.

Materials and methods

The fruits of peach cv. ‘Earli Grande’ were harvested from
6 years old trees. Immediately after harvest, fruit samples
were shifted in ventilated shed to remove field heat before
giving chemical dip treatment. The fruits were dipped in
aqueous solution of CaCl2 (4 and 6%) for 10 min. The
control fruits were dipped in tap water for same duration.
The fruits were air dried to remove the surface moisture and
packed in corrugated fibre board cartons (2 kg capacity) at
0–2 °C and 85–90% RH. There were three replications for
each treatment. The observations were made weekly for
3 weeks of storage and analysed for physico-chemical
characteristics. The spoilage percentage of fruit was
calculated on number basis by counting the fruits from
each box that had spoiled during storage. The firmness of
five fruits were measured with the help of a ‘Pressure
tester’ hand penetrometer and results were expressed as kg/
cm2. The physiological loss in weight (PLW) of the fruit
was calculated on initial weight basis and expressed in per
cent. The total sugars, vitamin A and acidity (AOAC 1990)
and pectin methyl esterase (PME) (Mahadevan and Sridhar
1982) were estimated. Palatability rating was recorded on
the basis of fruit shape, colour and taste by a panel of five
judges as per 9-points Hedonic scale. The total soluble
solids (TSS) were recorded by a hand refractometer (Erma
Japan) with correction at 20 °C. The post-cold storage
ambient shelf-life was studied by measuring TSS, acidity
and palatability rating for cold stored fruits after 48 and
72 h to assess the market behavior of fruits. The data of
three replications were analyzed statistically by factorial
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Fig. 1 Changes in quality parameters of peach fruit treated with 0,4 and 6%CaCl2 solution during storage at 0–2 °C, 85–90% RH for 3 weeks. (n=3)
PLW physiological loss in weight, PME pectin methyl esterase, T treatment, S storage, CD = Significant at p≤0.05
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analysis in a randomized block design (Cheema and Singh
1990).

Result and discussion

Physiological loss in weight (PLW) The PLW of fruit
treated with 6% CaCl2 ranged from 1.0 to 4.7% during
3 weeks of storage and was lowest compared to others
(Fig. 1). The control fruits recorded maximum PLW. The
reduction in PLW in CaCl2 treated fruits might be due to the
maintenance of fruit firmness and tissue rigidity by
decreasing the enzyme activity responsible for disintegra-
tion of cellular structure, which decreases the gaseous
exchange (Levy and Poovaiah 1979). Similarly, Kizil et al.
(1991) found that a dip of 4% CaCl2 reduced the storage
loss of apple by 6–7% over control. The PLW increased
during storage irrespective of CaCl2 treatments. Robertson
et al. (1990) reported that the weight of ‘Cresthaven’
peaches decreased significantly during storage with an
average weight loss of 3.5% per week.

Spoilage The fruits treated with CaCl2 did not record any
spoilage till 2 weeks of storage and only 0.72% fruits were
found spoiled after 3 weeks of storage (Fig. 1). Control fruits
recorded maximum spoilage (1.4%) after 3 weeks storage.
Since Ca is the major cation of middle lamella in cell walls
and modifies cell wall rigidity (Dey and Brinson 1984) by
thickening the middle lamella of cell wall owing to increased
formation and deposition of Ca-pectate and this reduced the
rate of spoilage. Similar findings with spoilage of plum at
low temperature were reported by Mahajan et al. (2008).
However, the higher spoilage in untreated fruits was the
result of lesser tissue strength and cellular disorganization.
Fruit spoilage increased (p≤0.05) during storage due to
hydrolysis of metabolites (Saini et al. 2001).

Firmness Fruit firmness decreased gradually during stor-
age, but the rate of decrease in firmness was slower in
CaCl2 treated fruits (Fig. 1). The fruits treated with 6%
CaCl2 retained higher (p≤0.05) firmness throughout the
storage period as compared to control. It may be attributed
to the role of calcium ions in reducing fruit softening by
strengthening the cell walls. A positive correlation was
observed between CaCl2 concentration of dipping solution
and flesh firmness of pear fruits (Nickhah et al. 1999). This
decrease in fruit firmness during storage may be due to
hydrolysis of metabolites. These findings are in close
conformity with the findings of Rombaldi et al. (2001) in
peaches and Changhoo et al. (2001) in Kiwi fruits.

Palatability rating Fruits treated with 6% CaCl2 main-
tained highest palatability rating of 8.9 whereas the fruits in

control were soft with undesirable flavour and recorded
lowest palatability rating of 8.5 after 3 weeks (Fig. 1). This
may be attributed to development of better juiciness,
flavour, texture, total sugars content and TSS in treated
fruits as compared to control. Similar effect of CaCl2 on
fruit quality was also reported by Mahajan and Dhatt
(2004) in Asian pear. There was progressive increase in
palatability rating of Ca treated fruits during storage up to
3 weeks whereas in untreated fruits an increase in
palatability was observed during storage up to 2 weeks
followed by decline thereafter. Higher palatability rating in
untreated fruits at initial stages of storage has also been
reported by Bhullar et al. (1985) in ‘Flordasun’ peaches.

Acidity Higher acidity (0.68%) was observed in fruits
treated with 6% CaCl2 after 3 weeks of storage (Fig. 1)
and minimum acidity (0.59%) was observed under control
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Fig. 2 Changes in quality of cold stored (0–2 °C, 85–90% RH for
3 weeks) peach fruit during further storage under ambient conditions (28–
30 °C, 65–70% RH) (n=3). TSS total soluble solids, T, S: as in Fig. 1
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after same period. The higher acidity in fruits treated with
Ca compounds might be due to decreased hydrolysis of
organic acids and subsequent accumulation of organic acids
which were oxidized at a slower rate because of decreased
respiration. The acidity of fruit declined with storage.
Decline in acidity during storage might be due to the
increased catabolism of organic acids present in fruit
through the process of respiration. These findings are in
conformation with those of Dundar et al. (1997) in peaches.

Reducing sugar Reducing sugar content of the control
fruits was maximum (6.9%) after 3 weeks of storage
whereas fruits treated with 6% CaCl2 recorded the
minimum reducing sugar content (6.6%). The increase in
reducing sugar in untreated fruits during storage might be
due to an increased concentration of organic solutes as a
consequence of water loss. In contrast, CaCl2 treatment
caused inactivation of hydrolyzing enzymes responsible
for conversion of starch into sugars. These results are in
agreement with those of Badshah et al. (1994) in apple.
There was a progressive increase in the reducing sugar
content of fruits during storage. The increase could
probably be due to the rapid hydrolysis of starch into
simple sugars and consequently the rate of conversion was
higher than the utilization during earlier stages but during
later stages, utilization of sugars in respiration was at
much faster rate. Similar changes in reducing sugar
content were also reported by Prashant and Masoodi
(2009) in peaches.

Vitamin A Higher (p≤0.05) vitamin A content of 154.4 μg/
100 g was present in fruits treated with 6% CaCl2 after
3 weeks of storage. It might be due to the delay in
senescence and minimum enzyme activity in treated fruits.
These results are in agreement with those of Drake and
Spayd (1983) in ‘Golden Delicious’ apples. There was a
progressive decrease in vitamin A content during storage.
However, the rate of decrease was lesser in treated fruits
than in control. The decrease in vitamin A content during
storage may be due to the increased activity of certain
enzymes like polyglacturonase and polyphenol oxidase
with longer storage time that might caused for the
breakdown of carotenoids during storage.

PME Minimum PME activity (1.39) was observed in fruits
treated with 6% CaCl2 after 3 weeks of storage whereas,
maximum PME activity (1.54) was under control after same
storage period. PME acts on pectin but the Ca compound
forms complex with it and bind the pectin as Ca-pectate.
Sams and Conway (1993) had also reported that the post
harvest pressure infiltration of apples with CaCl2 mini-
mized the PME activity in fruits during storage. Above
results are in agreement with those of Bicalho et al. (2000).

An increase in PME activity as observed during storage
was also reported by Randhawa et al. (1987).

Post-cold storage shelf-life The TSS during ambient
storage (28–30 °C, 65–70% RH) was lower (p≤0.05) in
fruits treated with 6% CaCl2 (Fig. 2). A decline in TSS of
fruits was observed during storage. The fruits treated with
6% CaCl2 recorded higher acidity as compared to other
treatments and control. The acidity of fruits also showed
declining trend during storage, which may be due to
utilization of acids during respiration. Similar decline in
acidity under ambient conditions was also reported by
Meena et al. (2009). Peach fruits treated with 6% CaCl2
recorded higher palatability rating (Fig. 2) whereas mini-
mum palatability rating was observed in control.

Conclusion

Peach fruits harvested at optimum stage followed by post-
harvest dip in 6%CaCl2 solution for 10 min, can be stored for
3 weeks in cold storage (0–2 °C, 85–90% RH) with post-
storage shelf life of 3 days at ambient temperature (28–30 °C,
65–70% RH) with acceptable edible quality of fruits.

References

AOAC (1990) Official methods of analysis, 15th edn. Association of
Official Analytical Chemists, Washington

Badshah N, Rashid H, Sofi S (1994) Role of calcium in prolonging
the shelf life of apple. Sarhad J Agric 10:639–645

Bhullar JS, Dhillon BS, Randhawa JS (1985) Role of pre-harvest
calcium application in extending the post harvest life of sub-
tropical peach. Punjab Hortic J 25:76–81

Bicalho UO, Chitarra AB, Chitarra MIF, Coelho AHR (2000) Changes
in the texture of papaya fruits subjected to post harvest calcium
application and wrapping in PVC. Cienc Agrotecnol 24:136–146

Changhoo L, Kim S, Ko J, Kim C (2001) Changes in cell wall
metabolism of kiwi fruits during low temperature storage by post
harvest calcium application. J Korean Soc Hort Sci 42:91–94

Cheema HS, Singh B (1990) A user’s manual to CPCSI-A computer
programme package for analysis and commonly used experi-
mental designs. Punjab Agricultural University, Ludhiana

Dey PM, Brinson K (1984) Plant cell walls. Adv Carbohydr Chem
Biochem 43:215–281

Drake ST, Spayd SE (1983) Influence of calcium treatment on
‘Golden Delicious’ apple quality. J Food Sci 48:403–405

Dundar O, Kuden AB, Dennis FG Jr (1997) Investigations on cold
storage and post harvest physiology of J. H. Hale peach. Acta
Hortic 441:411–441

Kizil IS, Binnetaliev SA, Shcherbets BI, Todirash VP (1991) A
method for increasing fruit storability. Sadovostvovinogradarstvo
9:5–8

Levy D, Poovaiah BW (1979) Effect of calcium infiltration of
senescence of apples. Hortic Sci 14:466

Mahadevan A, Sridhar R (1982) Methods in physiological plant
pathology. Sivagami Publ, Madras

228 J Food Sci Technol (Mar–Apr 2011) 48(2):225–229



Mahajan BVC, Dhatt AS (2004) Studies on postharvest calcium
chloride application on storage behaviour and quality of Asian
pear during cold storage. J Food Agr Environ 2:157–159

Mahajan BVC, Randhawa JS, Kaur H, Dhatt AS (2008) Effect of
post-harvest application of calcium nitrate and gibberellic acid on
the storage life of plum. Indian J Hortic 65:94–96

Meena HR, Kingsly ARP, Jain RK (2009) Effect of post-harvest
treatments of shelf life of ber fruits. Indian J Hortic 66:58–61

Nickhah S, Azerang HP, Maskoki A (1999) Investigation into the role
of calcium chloride on quality characteristics of pear varieties in
cold storage. Agric Sci Technol 13:149–158

Ochel CO, Basiouny FM, Woods FM (1993) Calcium mediated post-
harvest changes in storage ability and fruit quality of peaches.
Proc Fla State Hort Soc 106:266–269

Prashant B, Masoodi FA (2009) Effect of various storage conditions
on chemical characteristics and processing of peach cv. ‘Florda-
sun’. J Food Sci Technol 46:271–274

Randhawa JS, Dhillon BS, Bal JS, Bhullar JS (1987) Studies on the
pectin methylesterase activity during cold storage of ‘Patharnakh’
pear. J Food Sci Technol 24:71–73

Robertson JA, Meredith FI, Horvat RJ, Senter SD (1990) Effect of
cold storage and maturity on the physical and chemical
characteristics and volatile constituents of peaches (cv. ‘Crestha-
van’). J Agric Food Chem 38:620–624

Rombaldi CV, Silva JA, Machado LD, Parussolo A, Kaster LC,
Girardi CL, Danieli R (2001) Harvesting stage and cold storage
influences on the quality of Chiripa peaches (Prunus persica L.).
Cienc Rural 31:19–25

Saini RS, Chanana YR, Singh G (2001) Crop regulation effects on the
cold storage of peaches. Effect on physical characteristics of
fruits. Haryana J Hortic Sci 30:177–181

Sams CE, Conway SW (1993) Post harvest calcium infiltration
improves fresh and processing quality of apples. Acta Hortic
326:123–129

Sams CE, Conway SW, Abbott JA, Lewis RJ, Benshalon N (1993)
Firmness and decay of apples following post-harvest pressure
infiltration of calcium and heat treatment. J Am Soc Hortic Sci
118:623–627

Tonini G, Tura E (1998) Influence of storage and shelf-life time on
rots of peaches and nactarines. Acta Hortic 464:364–367

J Food Sci Technol (Mar–Apr 2011) 48(2):225–229 229


	Effect of calcium on cold storage and post-storage quality of peach
	Abstract
	Introduction
	Materials and methods
	Result and discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


