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Introduction

There are several species of pear being to the genus Pyrus aRibsaceae family. Pear is consideas
the third important temperate fruit after grape apgle. All pear specieareoriginated either in central «
eastern Asia [1]Asia comes first in producing pears followed by &pe&. Pears can be consumed as 1
fruit, juice, salad, canned product : dry fruit. 80% of the total pear production is foeshconsumption [2].
The total world production of Pear is estimatedéover 24.411 million tons i2014 3]. Pear is one of
most important deciduous fruit cultivated in Iraurdistan region for le purpose of fresh frui
consumption.

Most pear fruits require cold storage before ripgrthey are usually harvested at mature green stag)
ripened off the tree [4] and [SEenerallyfruits need 100 ppm ethylene for ripenir[6]. Level of ethylene
biosynthesis is influenced by cold storage whickoahccelerates ethylene synthesis and conseq:
premature ripening [7].

In order to maintain the product quality, tharvested fruit igreated with some fungicides which he
many negative effects on th@od safety and elironment. Therefore, there is a safer metneed to develop
an alternative to fungicideseatmer. Hot waterfollowing harvest is recommended for this purp[8]; it
was also applied to peaches and neces in order to prevent postharvest decgyfl [10]. Hot water may
influence killing of pathogens either directly edirectly[11]. Soit can be used as an alternative to me
bromide.

Blue and grey rots are two diseases caus: Penicillium expansurand Botrytis cinere: respectively
[12] which may be controlled by hot water through iteeetf on changes in physiological processes sut
reduction of chilling injury and killing of critidansects which contaminate the environn [13], [14] and
[15].
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Postharvest decay is the main problem faciatpge life of several fresh harvested horticulteraps.
The susceptibility increases during prolonged ster&ostharvest heat treatment was used on a caiamer
scale to control fungal diseases and insect irtfestaf horticultural crops. Consequently, the a$éeat
treatment was abandoned as fungicide treatmentsf greater advantages due to their effects om, fawer
cost and ease of application, Therefore, the dbgof this study is to investigate the effect ot vater and
storage condition duration on pear quality durinfgistorage and ripening stages.

MATERIAL AND METHODS

The study was carried out during 2014 on ftgie Harme Naska fruit cultivar at a private orchar
Chwarta, Sulaimani governorate. A quantity of 2damples of uniform fruit were taken and placed in
perforated paper bags which were then transpometkediately to postgraduate laboratory in the dempant
of Horticulture, Faculty of Agricultural sciencddniversity of Sulaimani.

The samples were taken at mature stage (commenaiatity) [with (11+1) kg/crhflesh firmnessind Total
soluble solids (10+1)] on Nov. 1 2014.

Factorial experiment of two factors was used completely randomized design with three refdeand
the treatment means were then compared accordidgrioan's multiple range tests at 0.05 lej&&. Two
factors: water temperature (tap water, hot wateBQC and 50°C) for 2 minutes and two cold storage
periods (30 and 60 days) at 2+1°C and 90-95% weldtiumidity were investigated for the purpose of
controlled ripening.

After the storage, the fruit samples transferredht® ripening room at 20°C with 100 ppm ethylen20(x
ppm) for 3 days [17].
The following parameters were measured:
1- Weight loss (WL %):
Determined with the method described by [18] adogrdlo the formula below:
Fresh weight loss (%) = [(A-B)/A] x 100

A: initial fruit weight. ‘Bruit weight after storage period
2-Total soluble solids (TSS %):
Total Soluble Solid was determined by Hand Refraetier as described in [19].
3- Titratable acidity (TA %):
The same method mentioned for TSS was also usedetermining TA%. The samples were titrated with
NaOH using phenolphthalein index and the aciditg determined as Malic acid content (9/100 ml juice)

Vol. NaOH mix N. x Milli.eq. Of Acid (0.067)
Titratable acidity=  --------=-mm-m oo x 100
ar8ple volume

4- Fruit firmness (kg/cm2)

Fruit firmness was determined according2o].

5- Carotene:

Pigment content in the pear skin has been detednismg the method described by [21]:

The following formula was used for determining derce:
Optical density at 480 nm xvolume of the solution used

Amount of total carotene (mg/ly= 100 %2300 x 1000

In order to change the amount to mg/100 g okHraple weight, the following formula is used:
A f | /1100 \agmunt of total carotene (%) 100

mount of total carotene (mg 0) 1500 weight of the sample (&)

6- Pectin Substances:

Pectin Substances were determined according t@ @ad Hayne’s method as described in [22].
7- Vitamin C (mg/ 100 ml):

Method used for determination was described by.[23]
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3. Results and Discussion

3.1 Effect of hot water dipping and cold storage duration on fruit weight loss%:

Figure (1)shows that 60 days cold storage duration was supsignificantly to 30 days with regard
weight loss %. The figure also shows that 50 °Cviatier dipping resulted significantly the highestight
loss followed by 30°C which is superior significly to the tap water.

Table lindicates that fruits cold stored for 60 days amgbed in 50°C hot water gave the highest water
which was superior significantly to all otls and the lowest value was 30 days cold storage dippéap
water.

Weight lossmay be due to loss of water through transpiratiespiration and vapor pressure deficit (VF
between fresh produce and the surroundin(24]. The fruit weight loss increased gradually with atg

duration andncrease in temperatu the physical pperties of the fruits were affected as well whigree
with [25, 26 and 27].

i Storage duration 4 Hot water temperature

2.5 a

=20 b 2
8 e " 1.981 c 1.91
= 1.603
S 1.0 1.252 1.337
2 05

0

30days 60days tap water  30CO° 50C?

reight los

3.2 Effect of fruit dipping in hot water and cold storage duration on fruit Firmness (kg/cm?):

No significant differences were found between 3@ &0 days cold storage duration in relatior
firmness of fruits. The same pattern was noticedlitferent hot water dipping fruil(Figure 2). Fruits cold
stored for 30 days andipped in tap water recorded the highfirmness (table : which is not different
significantly from the other two way interactionscept combination of 60 days cold storage and 305t
water.

Fruit firmness changes may be due to some factak as surrounding environment before harvest
physiology and age of the trees and maturity degfefruits [27]. fruits dipped in hot water lead to t
disturbance of cell structure and membrane damdgehvecan be the source of decreasing in firmness,
the decline in fruit firmness may be due to thedgedly breakdown of pro-pectin to lower molecule
fractions which are more soluble in water and thés directly correlated with the rate of softenafghe
fruits [28]. Fruit structure distbance will occur under long cold storsperiod PS]. ‘Eldorado’ pear fruit
found to maintain its firmness though it has stddh longperiod [30].

i Storage duratic 4 Hot water temperatu
. 100, & a a a a
£
S 75 |[940C| [9.289 9.700 ' goe7| 9367
2
w 5.0
7]
2
£ 2.5
E
30days 60days tap water 30 co 50 C°

sirmness (kg/c
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INs on weight loss %

ness (kg/cn?)
10.067 a
9.167 ab
8.967 ab
9.333 ab
8.767 b
9.767 ab

3.3 Eftect of truit dipping 1n hot water and cold storage duration on Total soluble solids (1SS %):

Figure (3) shows no significaimpac of storage duration on TSS %, also no significaffeitnces wer:
observed for hot water on TSS %. No significantedénces were also noticed for the combinationodd
storage duration with hetater (Table 2 Our results are in congruent with thdsendby [31] and [32].

i1 Storage duratic i Hot water temperature
a a
16.0 - a a a
120 4 15.70C  |15.200C 15.067 15.450 1583¢

TSS (%)
(0]
o

© &
o ©
1

30days  60days tapwater 30C° 50C?o
‘otal soluble solids (TS¢

, TA (%), Carc (mg/100g),

(%) Vitamin C

(mg 100" ml)
3¢ 3.873 a
) al 3.825a
) b 3.729 a
" c( 2.831b
) di 2.260 bc
3¢ 1.833¢c

3.4 Effect of fruit dipping in hot water and cold storage duration on fruit titratable acidity (%):
Titratable acid (TAfound as malic acid in fruitFigure 4indicates that storage duration for 30 days exc

significantly that of 60 days with regard to fraitratable acid, whereas, no significant differeseeere
found among hot water temperatures on fruit tibltacid

Table 2 exhibits that fruits sted for 30 days and dipped in tap water result ghést TA% which i
superior significantly to all other interactionshél lowest value (0.30% TA) was recorded for frgiisred
for 60 days and treated with tap we

Percentage of titratable acid decie in pear as a result of hot water treatment rekmdiher fruits such ¢
apple, grape and tomathong storage period causes the decrease in tikeataid in fruits. Descending
titratable acid caused by temperature increasessdhe increase ilespirationprocesq{11].

This result is agreement with previous stu [34] and [33].
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1 Storage duratic 1 Hot water temperature
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3.5 Effect of fruit dipping in hot water and cold storage duration on Carotene (mg/100g):

The fruit color plays a key role in the marketirgue and qualitindex. Data irthe (Figure 5) Exhibits that
carotene content in fruits cold stored for 60 dsypassed significantly those stored for 30 dape Jame

figure shows the gradual increase of carotene obntken temperature of water increased from the

water to 50°C and the last one was superior siamfly to both tap water and 30°C hot wa

Table 2indicates that carotene content in fruits dif in 50°C hot water and cold stored for 60 d

exceeded significantly the other combinations d¢fl orage duration and hot water combinations evie

least value was recorded for the combination oftafer and cold stored for 30 de¢

This decremenin carotene could be attributedit’s gradually destruction by polypheroxidase [35]. The
results agree with those found I86] who found thaimmersion of bell peppers in hot water at 50 °C3

min or 55 °C for 1 min, followed by packaging, riked significantly in reducing carotenoids cont

compared with fruits treated with hot water alomenot treated with water. However, hot water tresit

combined withpolypropylene bags (PP was the most effective treatment in reducing camites loss

during storage.

These results are in agreement with those obtiby [37] whoindicated that all the treated treatments ra

the amount of-carotene content over the untreated ones. Thistnlighdue to the fact that hot wa

treatment favored trarmtation of carotenoids from the peel to the puld essulted in highep-carotene
content in the treated bananas. The results avdrabgreement with those obtained[38] who found that
hot water treatment followed by packaging with mohylene filn was effective in inhibiting colc

development of sweet pepper fruits during stord@:g.

i Storage duratic 1 Hot water temperatu

(@)
S12.0 a
g a
g 90 9.637 b
® 60 b 8.073
c 6.517
2 3.0 - 5.415
= ’ 3.70C ’
00

30days 60 days tap water 3090 50C0

n Carotene (mg/1(

3.6 Effect of fruit dipping in hot water and cold storage duration on Pectin%:

Data in theFigure 6indicates that the pectin content of fruits stdiad30 days was superisignificantly to
those stored fo60 days. Also the figure exhibits that tap watgapitig was supericsignificantly to 50°C
hot water with regard to pectin conte

In contrast to carotene contetatble : explains that pectin in fruits dipped in tap wadad cold stored for 3
days were superiosignificantly to all other cold storage durationdahot wate combinations except
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combination of 30°C hot water and 30 days coldagferand least value was recorded for 50°C hot \
fruits cold stored for 60 days.

Polygalacturonase (PG responsible for pectin breakdown in fruits. Reca cell wall polysaccharide,

resmnsible for fruit texture. A change in texture is @ssential part of ripening in most fruits. In geaPG
activity was associated with an increase in watdulde pectin and fruit softenin[39]. [40] Pectin is
classified into two forms exBG in freetone and clingstone fruits and showed that thevictof each of he
two forms was higher in rip€soft) than in immature or mature firm fruit. F-harvest heating of frui
resulted in lowering the activities of cell wallgtading enzyme:

[39] Repoted that solubilization of pectin is a fundameratatl important aspect of fruit ripenir[41] Also
reported that heat allows demethylation of pectirpbgtin methyl esterase to form anionic ¢— groups
with which C&? ions can form salt bridge cross links. This may en#tie cell wall less accessible to

enzymes that cause softening. Therefore, the catibimof both postharvest dips and heat treatment
control ripening; softening and decay at the saime [42]. Higher duration of heat treatment or hig
temperatures resulted in lesser decline of peatinng storage due to inactivation of pectin degmng:
enzymes.

These results are in agreement with those obtaiye[43] who found that the pectin contents reased
during storage in heat treatments.

1 Storage duratic i Hot water temperatul
4.5 -
a
a
& 3.07]3412 ab
£ 2.990 b
e 15 b 2257 |
1.281
0.0
30days 60 days tapwater 30C° 50C°
on Pectil

3.7 Effect of fruit dipping in hot water and cold storage duration on Vitamin C (mg 100" ml):
Figure 7 showshat vitamin C in fruits stored for 30 days excakd@nificantly those stored for 60 da
whereas, no significant differences were found agouits dipped in various levels of hot water Ibiog
highestvalues of vitamin C was recorded for fruits ced in tap water.

Table 2 displays$hat vitamin C content of fruits dipped in varidesels of hot water and cold stored for
days was superior significantly to those dippedlie same levels of hot water but cold storeds@days
The loss in vitamin @ontent with the progress of storage period coelattributed to rapid conversion
L-ascorbic acid intalehydroascorbic acid in the presence of L-ascorbic acixidase[44], also the reduction
in vitamin C contents during ripening might be ibtited to the oxidation of ascorbic acid as ripegt
proceeded [45]. Theesults agree with those foulby [46] whofound that control mango fruits and |
water treatment showed significantly lowest valakgitamin C. This finding agrees with other auth[36]
who found that ascorbic acid content significardigcreased \th prolongation of storage perioThis
reduction might be due to the higher rate of sugss through respiration. The results are alsolaimno
those obtained by [47], [48] and]].
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