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Abstract

Advanced maturity nectarines cv. Caldesi 2008ujwus persica var. nectarina (Ait.) Maxim.] and peaches cv. Royal Glory
[Prunus persica (L.) Batch] were treated in 46C hot water containing 200 mM NacCl for 25 min, sealed in low thickness PE
bags and stored at°’@ for 1 and 2 weeks. Quality was evaluated initially and after each storage period plus 1 day shelf life.
Hot water treatment (an acceptable treatment to reduce spoilage from fungi) did not cause any fruit damage based on externg
observations, specific conductivity and total phenol content evaluations, but reduced firmness loss (possibly in combination with
MA packaging) especially in the white-flesh nectarines and kept the cellular membranes functioning better. PE bags were of
low thickness and MA conditions inside the bags were found inadequatieyéls >15%, CQ levels <5%) to significantly
affect the ripening process during cold storage, but could be harmful after 10 h at room temperatevel@3<3%, CQ levels
>13%). Mass losses were kept low in PE bags. Juice soluble solids concentration, pH and acidity were not affected by the hot
water treatment before and after cold storage. Hot water combined with MA packaging during storage resulted in good quality
fruit after 1 week duration for postharvest handling.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction consumption in the USA and Europe has decreased or
remained stable, respectively, over the last few years.
Peach fruit are harvested relatively mature but hard Fruit quality can be improved by delaying harvest at
enough to withstand postharvest handling through least until physiological maturation is completed on
the marketing chain. These fruit have considerably the tree Bonghi et al., 1999 Peaches and nectarines
lower edible quality than tree-ripened fruit so peach containing 11% soluble solids concentration (SSC) or
higher are in high demand by consumers, as fruit have
"+ Corresponding author. Tel.: +30 24210 93181: developed Consider_able tr?lste and_ aror@&ypool, _
fax: +30 24210 93144, 1977). These fruit will be highly perishable, so rapid
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plementary treatments such as modified atmosphereration rate by 12%, but did not significantly influence
or prestorage heat treatment will be necessary to softening Anthony et al., 1989

retard ripening (mainly softening) during the 1-2 Our work examines the effect of a pre-storage hot
weeks postharvest life necessary for distribution water treatment combined with MA cold storage on the
to distant marketsMcDonald et al., 1999 Thus, quality of relatively ripe-harvested peaches and nec-
Kader (1999)proposed 10% as the minimum SSC to tarines, as an attempt to delay ripening during handling
harvest peaches and nectarines for acceptable flavourand transportation to distant markets of these perish-

to allow high quality and handling for long distance
markets.

Heat treatment causes changes in fruit ripening,
such as inhibition of ethylene synthesis and action
of cell wall degrading enzymes, due to changes in
gene expression and protein syntheBau(l and Chen,
2000. Heat treatment increased postharvest life by
delaying softening in plumsTéuiji et al., 1984, pears
(Maxie et al., 1974 and tomatoeHiggs et al., 1988
improving the flavor of a number of fruiShellie and
Mangan, 1998without affecting soluble solids con-
centration in appled{ein and Lurie, 199) nectarines
(Lay-Yee and Rose, 19%4r strawberriesGarcia et
al., 1999. In addition, titratable acidity was reduced in
apples Klein and Lurie, 199Dor remained unaffected
in tomatoes l(urie and Sabehat, 199and grapefruit
(Miller and McDonald, 199pafter hot air treatments.

able, high quality fruit.

2. Materials and methods
2.1. Plant material

Nectarines cv. Caldesi 200@Hjunus persica var.
nectarina (Ait.) Maxim.] and peaches cv. Royal Glory
[Prunus persica (L.) Batch] were harvested from the
University Experimental Farm in Thessaly, Central
Greece. Fruit were harvested at mature ripe stage
(Tables 3 and }late June in 2001 and 2002 and an
attempt was made to avoid soft fruit or relatively imma-
ture ones. Ground color was impossible to use for
sorting in peaches as 100% of the fruit surface was
red. The nectarines’ ground skin color was yellow with

Hot water treatments are also used as alternative a slight appearance of green. Fruit were immediately
methods to control postharvest diseases. Ripe fruit aretransported to the Pomology Laboratory, sorted, ran-
highly susceptible to disease infection, and therefore domized and separated in to 7-fruit replicates.
some means of controlling it are necessary. Peaches

subjected to 46C hot water treatment for just 2—8 min

2.2. Fruit treatment

were found to have substantially decreased disease sus-

ceptibility (Margosan et al., 1997

Half of the fruit of each cultivar were completely

Controlled or modified atmospheres are used as sup-immersed in 46C water containing 200 mM NacCl

plementary to fruit cold storage to limit water loss,

for 25 min before cold storage, while the control fruit

delay ripening and suppress diseases. MA packagingwere kept at room temperature. NaCl lessens the

during marketing of highly perishable commaodities has
similar results. Different modified atmosphere packag-
ing systems were studied in ‘Elegant Lady’ and ‘O’
Henry’ peach cultivars4offoli et al., 1997%. CO, lev-

els varied from 10 to 25% and Qevels from 1.5

to 10%. The rate of fruit softening was slowed and
flesh browning (due to chilling injury) was reduced
in high CQ, packages. ‘Yumyeong’ peaches that were
MA packed and stored at"@® for 4 weeks showed less
flesh mealiness and higher electrical conductivity dur-
ing shelf life than peaches stored unpackétidi and
Koo, 1997. Heat-treated nectarines were individually
plastic wrapped in order to prevent decay. Wrapping

alone reduced ethylene production by 75% and respi-

possible damage from hot water treatment to fruit
(loss of red color, skin browning) by minimizing the
entry of potentially injurious hot water into the fruit
(Obenland and Aung, 19%7Fruit flesh temperature
was monitored with thermocouples inserted next to
(but not touching) the endocarp. Temperature was
logged every minute with a data logger. Afterwards,
four replicates per treatment were immersed in fungi-
cidal solution (Captan, 6 gtl) to avoid interference
of fungal growth with MA conditions developing in
packages.

After drying, 7-fruitreplicates were putin MA pack-
ages using 3p.m thick PE bags, constructed from three
layers of similar thickness with LDPE-HDPE-LDPE
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(Vileda, Milan) (permeability in mols! mm—2pPa?! Finally, juice total phenols were determined with
for O, 6.85x 10719, for CO, 6.99x 1019 and for the Folin—Ciocalteau method using a spectrophotome-
H,0 4.6x 10716) and 2-3h later were stored in an ter (model Spectronic 301, Milton Roy Co., USA) and
industrial refrigerator at 0—1C and 90-95% RH for 1 gallic acid dilutions for standard curve development
and 2 weeks. PE bags were equipped with small tub- (Swain and Hillis, 1959 The results were expressed
ing and were sealed properly in order to measure MA in mg gallic acid/100 mL of juice. Two repetitions per
conditions upon exit from storage. replicate were conducted and their mean value was used
for statistical analysis.
2.3. Modified atmosphere evaluation
2.5. Statistical analysis
Thirty minutes after removal from cold storage and
9h later (when the bags were cut open), MA condi- Analysis of variance was calculated over two fac-
tions were evaluated in the packages by withdrawing tors, treatment and time in storage for each year and
air and quantifying @and CQ concentrations usinga  cultivar using the SPSS statistical package (SPSS 10.0,
paramagnetic and aninfrared gas analyzer, respectivelyChicago, USA). Overall least significant differences
(Bishop model 280 Combo, David Bishop Instruments (LSDs) were calculated for the 0.05 level of signifi-
Ltd., England). The analyzer was standardized using cance.
air and a mixture of 1% @and 5% CQ (balance N).

2.4. Quality evaluations 3. Results and discussion

After heat treatment, the quality of six 7-fruit repli- ~ 3.1. Fruit temperature during heat treatment
cates of heated fruit and six more of control fruit were
evaluated. Quality was also evaluated after 1 and 2  Heattreatment caused a gradual increase of the fruit
weeks cold storage plus one day shelf life ate2 flesh temperature from 24€ to 43°C after 25 min in
and 50-55% RH. Initially and at each removal (+1 day hot water. After the fruit's removal from the hot water-
shelf life) the mass of each replicate was measured andbath, the flesh temperature gradually decreased and
mass loss expressed as percent loss from initial wasreached 30C after 50 min, with room temperature at
calculated. 22°C.

Observations on skin browning and pitting were
taken before any other quality evaluation. Flesh firm- 3.2. Modified atmosphere development
ness was measured on both cheeks of each fruit after
skin removal with an Effegi penetrometer equipped In nectarines, both in 2001 and 2002, hot water
with an 8.9 mm diameter plunger. Initial and total con- treatment did not affect ©and CQ concentrations
ductivity was evaluated in fruit pieces as described inside the modified atmosphere (MA) fruit packages
previously Hong et al., 200D Specific conductivity =~ compared to control MA packed fruit, 0.5 and 9.5h
was calculated as the fraction of initial conductivity to after removal from OC storage for 1 or 2 weeks
total after corrections for temperature during each mea- (Table J).
surement. Two repetitions per replicate were conducted  In 2001, packages of peaches treated with hot water
and their mean value was used for statistical analysis. had higher @ concentrations and lower G@oncen-

Soluble solids concentration (%) (Atago refrac- trations compared to control fruit 0.5 and 9.5 h after 2
tometer, model N-1E, Jencons Scientific Ltd., Japan), weeks cold storage, but heat treatment did not affect
pH and titratable acidity were measured in the juice MA conditions after 1 week cold storagd&aple 2.
from the rest of the fruit. Titratable acidity was cal- This possibly means that after 2 weeks cold storage,
culated as g malic acid/100 mL of juice, after titration hot water treatment kept fruit less ripe inside MA
with 0.1 N NaOH to an endpoint of pH 8.2. Two rep- packages. But, in 2002 (with less mature peach fruit),
etitions per replicate were conducted and their mean hot water treatment slightly (not significant) reduced
value was used for statistical analysis. O, concentrations and increased £Ebncentrations
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Table 1 Table 2
Changes in @and CQ concentrations inside MA packages of con-  Changes in @and CQ concentrations inside MA packages of con-
trol and heat-treated ‘Caldesi 2000’ nectarines°@éot water for trol and heat-treated ‘Royal Glory’ peaches {45 hot water for
25min) 0.5 and 9.5 h after refrigerated storage & @nd MA for 7 25min) 0.5 and 9.5 h after refrigerated storage @@ @nd MA for 7
and 14 days and 14 days
Treatment Time Oz (%) CO; (%) Treatment Time 07 (%) CQO; (%)
days days
@ays)  Gsh  o95h 05h  95h @ays)  5sh  95h 05h  95h
Year 2001 Year 2001
Control 7 16.6 5.2 3.9 13.7 Control 7 17.7 3.3 29 14.4
14 17.2 4.9 3.8 141 14 17.7 8.6 3.0 10.0
Heated 7 15.7 4.9 4.2 13.3 Heated 7 18.2 54 2.4 12.3
14 17.1 3.8 3.7 14.0 14 19.3 12.0 1.7 7.2
Significance Significance
Treatment NS NS NS NS Treatment * ki ki *x
Time * NS NS NS Time NS Hhk NS ek
LSD treatx time 1.34 2.42 0.98 2.02 LSD treatx time 1.24 2.68 0.83 241
Year 2002 Year 2002
Control 7 19.2 7.33 2.20 13.3 Control 7 17.2 5.9 3.7 13.8
14 15.8 3.20 4.98 15.5 14 18.1 3.3 2.9 154
Heated 7 17.0 3.70 4.33 15.8 Heated 7 16.3 4.0 4.5 15.4
14 17.4 6.70 3.88 12.5 14 15.4 1.7 4.8 17.4
Significance Significance
Treatment NS NS NS NS Treatment NS NS NS NS
Time * NS NS NS Time NS NS NS NS
LSD treatx time 1.99 3.51 1.93 3.69 LSD treatx time 2.62 2.95 233 3.58
in fruit MA packages compared to non-heated fruit In 2001, 30 min after removal of nectarines from
(Table 2. cold storage, © concentrations after 2 weeks cold

A heat treatment, depending on temperature and storage were 9% higher than after 1 week cold storage.
length of exposure, can decrease or increase the cli-This difference was observed only in heat-treated
macteric respiratory peak as well as advance or delay fruit. In 2002, 30 min after removal of nectarines from
it after treatment, while the result also depends on cold storage, @ concentrations after 1 week cold
the physiological stage of the tissu€lé€in and Lurie, storage were higher than after 2 weeks cold storage,
1990. Respiration rates of apples and tomatoes were and the difference was observed only with control fruit
enhanced initially during high air temperature treat- (Table J. O, and CQ concentrations in MA packages
ment at 35—-40C for one or two days, but after longer with nectarines kept for 9.5h at room temperature

times at high temperatures the rate decreatedd did not differ after 1 or 2 weeks of cold storage
and Klein, 1990, 1991 With increasing keeping time  (Table ).
at 35°C a greater proportion of respiration is from There were no differences in,Cand CQ con-

the cyanide insensitive pathwalnéba and Chachin, centrations 30 min after removal from cold storage
1989. The shift to alternative oxidative phosphory- of MA packed peaches between the first and second
lation may reflect the thermoregulatory role of this week evaluations for control or hot water treated fruit
pathway in order to maintain cellular homeostasis during both experimental year$gble 9. Differences
(Breidenbach et al., 1997When heated fruit return  between the two weekly evaluations were also unim-
to ambient temperature, the respiration is often lower portant 9.5 h after removal from cold storage in 2002,
than in unheated fruit. but MA packages of heated fruit had highes @nd
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lower CO, concentrations than control fruit in 2001 3.3. Mass loss
(Table 2.

Nectarines cv. Fantasia packed in plastic filmu36 Hot water treatment did not affect mass losses in
thickness (slightly less thanin our study) had 18.5% O peaches and nectarines during both cold storage dura-
and 0.5% CQafter 5 days and 11%fand almost 0%  tions and years of study (data not shown).

CO, after 10 days cold storagRétamales etal., 1997 During 2001, peaches softened relatively fast dur-
Packages of plastic film with double thickness (i) ing MA cold storage. They also lost about 3.3% of
had 5.2% @ and 9.5% CQ after 5 days cold storage their mass during the first week of storage plus 1 day
and after 10 days 2.5%Qand 8% CQ. In another shelf-life and losses remained stable thereafter. During
study, peaches packed in semi-permeable PE bags ha®002, when peaches remained firmer, mass losses were
lower respiration and ethylene production rates and reduced to 0.5% after 1 week and 1.5% after 2 weeks of

better quality than the unpacked contrd®o(g et al., MA cold storage plus 1 day shelf-life. Nectarines lost
2003. around 1.6% of their mass after 2 weeks of MA cold
CO, concentrations were very high and €ncen- storage in 2001 and 2.7% in 2002. In general, most

trations very low in our packages after keeping them mass losses occurred during the first week of MA cold
for more than 9.5h at 22 (shelf life) probably due  storage. Mass losses also seemed to positively corre-
to a very high respiration rate with the danger of caus- late with flesh softening rates for both cultivars studied.
ing anoxia in the fruit, as 1% £is recommended as  Otherresearchers kept peaches'&@ and 80—90% RH
the minimum safe concentration at low temperatures for 8 weeks and mass losses were substantial at 3.5%
(Kader, 1997. Thus, the retailer or consumer should per week of cold storage, but this was due to continu-
keep the packages in refrigerated shelves or cut openous loss of water due to the cooling unit operation and
the plastic bag if it is kept for more than 10 h at room the development of internal breakdowRabertson et
temperature. al., 1990.

The plastic bag used for peach and nectarine pack-
ages in our experiments was of relatively high per- 3.4. Skin browning and pitting
meability. Thirty min after fruit removal from cold
storage, gas sampling (for total air bag volume of The fruit of both cultivars and for both years did not
around 1 L) showed mean values of 3.9%G0d 17% show any external measurable injury (skin browning or
O2. The respiration rate for peaches and nectarines is pitting) due to hot water treatment evaluated initially
around 4-6 mLkglh~1 CO, at 0°C (Hardenburg et and after each storage period. This was expected as
al., 1986. Cold room temperature was 0@ and each it previously has been found that 46 for 25 min in
bag contained a mean fruit mass of 770 g. Thus, during the presence of 200 mM NaCl was not injurious to a
the first week of cold storage 760 mL G&hould have number of nectarine cultivars tested with less mature
been produced and this same amount for the secondfruit (Obenland and Aung, 1997
week. On the contrary, we found almost one-twentieth
of the above quantity, since plastic film permeability 3.5. Flesh firmness
at low temperatures was so high that it would not per-
mitany CQ concentration increase above 3—4% at low Flesh firmness of heat-treated nectarines was higher
temperatures. This CQevel is not expected to affect  than control fruit both after 1 and 2 weeks cold storage
the respiration rate in addition to a very high €on- during both years of the studygble 3. This delay in
centration. We suggest that the plastic bags used infruit flesh softening is possibly the result of inactivation
our study were of appropriate permeability for use dur- of cell wall hydrolytic enzymes, mainly polygalactur-
ing commercial postharvest handling, where periodic onase.Lurie (1998)reports that fruit exposed to 38
increases in temperature may occur due to inappropri- or 40°C hot air softened slower than control fruit. On
ate handling. Of course, relatively ripe stonefruit (like the other hand, flesh firmness of nectarines treated with
the ones used in this study) should be handled carefully 46°C hot water (+NacCl) for 25 min was similar to con-
and maintained as close t60 as possible through the  trol fruit (Obenland and Aung, 199.7Thus, there is a
postharvest chain. possibility that MA packaging used in our study may
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Table 3
Changes in flesh firmness, juice pH, SSC, acidity, specific conductivity and total phenolics in control and heat-treated ‘Caldesi 2000’ nectarines
(46°C hot water for 25 min) after refrigerated storage a€tand MA for 7 and 14 days plus 1 day shelf life

Treatment Time (days) FF (N) pH SSC (%) Acidity (g/100 mL) Specific Total phenolics
conductivity (mg/100 mL)

Year 2001
Control 0 33.7 3.52 13.9 0.614 0.243 482
7 23.5 3.54 13.7 0.536 0.376 395
14 22.0 3.63 13.7 0.813 0.562 409
Heated 0 32.3 3.51 13.7 0.622 0.252 473
7 27.7 3.55 13.7 0.509 0.299 443
14 27.9 3.68 13.8 0.755 0.486 480
Sianificance
Treatment * NS NS NS rohk NS
TI me *kk *kk N S *kk *kk NS
LSD treatx time 4.1 0.04 0.50 0.056 0.040 88
Year 2002
Control 0 36.8 3.46 12.6 1.490 0.343 330
7 22.6 3.56 13.0 0.879 0.519 328
14 20.9 3.62 12.6 0.593 0.475 337
Heated 0 34.7 3.45 13.0 1.430 0.329 369
7 38.2 3.51 12.9 0.902 0.387 339
14 29.8 3.61 12.6 0.539 0.324 312
Significance
Treatment rohk NS NS NS rork NS
TI me *kk *kk N S *kk *kk NS
LSD treatx time 4.3 0.05 0.54 0.080 0.047 37

have supplemented the hot water treatment in reducing 3.6. Soluble solids concentration
nectarine fruit softening.

Flesh firmness of heat-treated peaches was similar  In 2001, juice soluble solids concentration (SSC) of
to control fruit (except after 1 week cold storage in nectarines and peaches at harvest was very high, thus
2001) (Table 4. fruit were of excellent quality {ables 3 and ¥ Hot

Based on previous research with yellow flesh water treatment did not affect SSC after 1 or 2 weeks
peaches, fruit below 27 N is susceptible to damage cold storageTables 3 and
during postharvest handlingCisosto et al., 2001 In 2001, SSC of control or heat-treated fruit was
This level was also used as critical for white flesh not affected by duration of cold storage, as peaches
‘Snow King’ peaches and a flesh firmness of 13N and nectarines contain only low amounts of starch
was accepted for optimum eating quali@grner et at advanced maturity and MA cold storage reduced
al., 2002. In 2001, flesh firmness decreased during respiration, which could modify SSC during storage
the first week of MA cold storage at°@ and to a (Tables 3 and ¥ Similar results were reported for
lesser extent over the second week of storage plus 1‘'Snow King’ peaches, where SSC remained stable dur-
day at 22°C, but kept above 20N for nectarines and ing storage at controlled atmospheres (5% @ad 3%

17 N for peachesTables 3 and ¥ During 2002, simi- O,) and °C for 18 days Garner et al., 2001

lar results were observed for nectarin@alfle 3, but During 2002, SSC of nectarines was neither affected
flesh firmness of peaches was only slightly reduced by hot water treatment nor from duration in cold stor-
during storageTable 4. As a result, during 2002, yel-  age ([fable 3. But peaches, in 2002, showed a reduction
low flesh peaches kept better, as far as flesh firmness isin SSC due to heat treatment and further progressive
concerned, than white flesh nectarines. reduction with storage time (especially the heat-treated
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Table 4

Changes in flesh firmness, juice pH, SSC, acidity, specific conductivity and total phenolics in control and heat-treated ‘Royal Glory’ peaches

(46°C hot water for 25 min) after refrigerated storage a€tand MA for 7 and 14 days plus 1 day shelf life

Treatment Time (days) FF (N) pH SSC (%) Acidity (g/100 mL) Specific Total phenolics
conductivity (mg/100 mL)
Year 2001
Control 0 41.5 4.30 15.3 0.229 0.223 241
7 21.0 4.40 15.9 0.328 0.526 377
14 17.3 452 15.4 0.300 0.436 258
Heated 0 42.2 4.32 15.2 0.220 0.241 253
7 26.9 4.37 15.6 0.325 0.443 401
14 19.3 4.60 15.4 0.281 0.466 292
Sianificance
Treatment * NS NS NS NS NS
Tlme *kk *kk NS *kk *kk *kk
LSD treatx time 4.6 0.07 0.6 0.031 0.058 44
Year 2002
Control 0 44.9 4.16 12.6 0.808 0.260 241
7 43.4 4.21 12.6 0.453 0.214 243
14 40.4 424 12.4 0.406 0.213 270
Heated 0 45.2 4.15 12.4 0.890 0.244 234
7 40.7 4.26 12.2 0.417 0.191 307
14 41.7 4.29 11.8 0.411 0.207 274
Significance
Treatment NS NS ok NS ** *
T|mp *% *kk *kk *kk *kk *%
LSD treatx time 3.4 0.08 0.27 0.050 0.017 30

ones) Table 4. This could possibly be due to the com-
plete depletion of fruit from starch, variability between heat-treated fruitfables 3 and 4 During 2002, results
fruit or slight fruit damage, although the latter is not were clear and expected. Acidity for both nectarines
supported from our observations and data presentedand peaches gradually and uniformly decreased with
storage time for control and hot water treated fruit
(Tables 3 and ¥ In general, fruit juice acidity has been
found to decrease and pH to increase with duration in
storage. Similar results were found during ripening or

below.

3.7. Juice pH and acidity

ity of nectarines and peaches either with control or

In 2001, hot water treatment of nectarines and 0°C storage for more than 8 weekRdbertson et al.,
peaches slightly increased juice pH compared to 1990.
control fruit only after 2 weeks cold storage
(Tables 3 and ¥ Juice pH of nectarines and peaches 3.8. Specific conductivity
increased with duration in cold storage (mainly after
2 weeks cold storage) in control and hot water treated  In 2001, hot water treatment resulted in reduced
fruit in both years Tables 3 and 4 specific conductivity (an index of electrolyte leakage)
In 2001, nectarines and peaches had lower juice compared to control fruit in nectarines after 1 and 2
acidity values at harvest than in 200ables 3 and weeks of cold storage plus 1 day at room temperature
Hot water treatment did not affect juice acidity of nec- (Table 3 and in peachesT@ble 4 only through the
tarines and peaches in any of the two storage periodsfirst week of storage without any changes during the
and years of studyTables 3 and ¥ In 2001, there following storage week. Similar results were found in
was no clear influence of storage time on juice acid- 2002.
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In 2001, specific conductivity of nectarines increa- stored fruit. This decrease was found both with control
sed gradually and uniformly over the 2 weeks of and hotwater treated fruit, but it was more pronounced
storage and of peaches after the first week of stor- in control fruit resulting in values similar to the initial
age and remained stable thereafféalles 3 and ¥ (before storage) values of the fruit. In 2002, peaches
This increase in specific conductivity was observed in behaved similarly as far as storage time was concerned
control and hot water treated nectarines and peaches(Table 4.

and it is possibly the result of further ripening Thus, duration in cold storage did not have any
or gradual membrane malfunction due to chilling majoreffectontotal phenol contentin peaches and nec-
injury. tarines. From our results, it is clear that nectarines con-

In 2002, specific conductivity in nectarines tainedalmostdouble the total phenols of peaches. Total
increased during the first week of storage and remained phenols correlate with bruising appearan€ader and
stable thereafter. In peaches, specific conductivity Chordas, 198¢ but also with internal browning of
decreased with storage time. These results werepeaches and nectarines after extended cold storage, an
found both for control and hot water treated fruit expression of chilling injuryl(ee et al., 1990 In our
(Tables 3 and )} experiments, storage duration was too short for the fruit

Specific conductivity is thought to be a good indica- to express any chilling injury symptoms. Also, flesh
tor of damage due to hot water treatment. In our study, browning due to chilling injury in peaches and nec-
the increase of specific conductivity due to cold storage tarines has not been observed in Greece (G.D. Nanos,
was delayed by the 46 hot water treatment (com-  unpublished data).
bined with MA packaging), suggesting thatmembranes  Specific conductivity and total phenol content are
were kept more rigid, functioning better and ripening good indices to evaluate hot water injury. These two
was delayed as also shown by the flesh firmness parameters were not negatively affected due to hot
results. water treatment in our experiments. As mentioned

Specific conductivity is also thought to be a good before, no externalinjury to the fruit was observed, thus
parameter to follow over prolonged storage. Itsincrease the hot water treatment used herein was not injurious
in nectarines (for both years of our study) and in to peaches and nectarines. Similarly, no damage was
peaches during 2001 with storage time is possibly due observed to six nectarine cvs from exposure t6@6
to ripening (as supported by the flesh softening results) hot water (+200 mM NacCl) for 25 mirQdbenland and
or due to cold storage stress. Aung, 1997.

3.9. Total phenol content
4. Conclusions

Hot water treatment was expected to cause an
increase in total phenols in fruit juice due to heat stress ~ Hot water treatment at 4& for 25 min of rela-
or damage. But this increase was not observed in our tively ripe peaches and nectarines was found not to
experiments. Hot water treatment of peaches and nec-damage the fruit, to delay softening and probably sub-
tarines only slightly increased juice total phenol content stantially reduce fruit losses from fungal growth (see
compared to control fruit after 1 or 2 weeks of cold stor- alsoMargosan et al., 199fbr results of a 46C hot
age, but these differences were not significant except water treatment for just 2.5 min on peach fruit infection
with peaches during 2002 ¢bles 3 and ¥ from major diseases). Keeping the fruit in sealed low

Juice total phenol content of nectarines was not thickness PE bags resulted in reduced mass losses and
affected by duration of cold storage in either of the maodification of atmosphere with levels not expected
2 years of study or in any of the treatmenitalfle 3. to substantially affect the ripening process. A combi-

In peaches during 2001, total phenol content of con- nation of hot water treatment and MA packaging was
trol and hot water treated fruit increased after 1 week successful in keeping the high quality of relatively ripe
cold storage compared to the initial valueable 4. peaches and nectarines during postharvest handling for
After 1 more week in cold storage, total phenol con- upto 1 week. This method can now be tested on a com-
tent decreased compared to the content of 1 week coldmercial scale for its effectiveness.
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