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ABSTRACT

This study was carried oul in 1999 and 2000 seasons on 'Le Conte’ pear
{Pyrus commums, L.} fruits. Fruils were harvested during August in each season at
three different stages. The three harvest stages included one stage at lhe optimal
commercial fresh market flavour development (second slage), one stage earlier than
optimal (first stage}, and cne slage tater than optimal (third stage). Fruits were stored
at 2. 4, or8 C and 80 -85 % RH and sampled at harvest (zero time} and at 10-day
intervals up to 90 days for fruits stored at 2 or 4 'C andto 30 days for fruits stored al 8
'C. The objective of the study was to identify the effect of harvest stages, storage
temperatures, and slorage durations on storability and qualily of 'Le Conte' pear fruits

Colour tests indicated thal fruils of lhe second and third harvest stages were
more advanced in maturily than those of the first harvest slage.

No differences were noticed in fruit firmness between the first and second
harvest stages while [rLit irmness of third harvest stage was significantly lower than
the other stages.

The highest weight loss was cblained from fruits of Lhe second harvest stage in
the first season while the lowest weight loss was obtained from the third harvesl stage
fruils in the lwc seasons.

Dry weight, soluble solids conlent (SSC), total phenclic acids and reducing
sugars of the third harvest stage fruits were higher than the other harvesl stages fruit.
However, acidity of the lirst harvest stage fruits was higher than the fruits of the other
stages. . N
Firmness was the highest in fruits stored at 2 C while fruits storedat 8 C
showad the lowest values during the two seasons Weighl loss, S8C, and total
phenolic acids corresponded with the increase in storage temperature while reducing
sugars were higher in fruit stored al 2°C than those stored at 8°C. Acidily and dry
weight seemed to be the highestin fiuils stored at 8 "Cin the first season and fruits
stored at 2 'C in the second one.

In both seasons firmness decreased during storage while weight loss, soluble
solids contsnt, total phenols and reducing sugars increased significantly for fruits
stored for 30 or 90 days. Dry weight of fruits did not change significantly during
storage up to 70 days then increased significantly up to 80 days in the first season In
the second season dry weight increased significantiy afler 40 days of slorage up to 90
days. Acidily decreased significantly in the first season after 70 days of storage 'n
the second season. acidity increased significanlly afler 30 days of slorage up to 80
days of storage then decreased thereafter. The second harvesl stage (S5C = 11.72
to 1224%. firmness = 36.0 to 390 N, and starch index = 4 to 5) could be
recommended as the besl harvesi slage for 'Le Conle’ pear fruits. 'Le Conte’ pear
fruits could be stored at 2 C for 70 days with good quality



Ei-Shiekh, A. F. et al.

INTRODUCTION

Pear fruits (Pyrus communis, L.) are considered the third in importance
among other deciduous fruits and the fourth among all fruits in the world
{Scheer and Juergenon, 1976). The total area (according to the Ministry of
Agriculture, 1999) of the pears grown in Egypt is 10898 feddan with total
production of 38336 ton.

Abd El-Migid (1986) stored ‘Le Conte' pear fruits for 13, 12, 4 and 2
weeks, while "Kiefer' pears were stored for 13, 12, 6 and 4 weeks at 0, 5, 10,
" and 20 'C, respectively. He found that total soluble solids (TSS) of both
cultivars showed a significant increase which was affected by the storage
period and temperature. Titralable acidity percent decreased with the
progress of storage time at 0, 5, 10 and 20 C in both cultivars. Fruit firmness
decreased with the progress of storage time at all temperatures used.
Reducing and total sugar percentages increased significantly with the
progress of storage time in both cultivars at all temperatures used but the
non- reducing sugars showed a significant decrease with the progress of
storage time He found that fruit weight loss in both cultivars increased with
the progress of storage at 0,5, 10 and 20 "C. Paul, etaf (1993) found that
titratable acidity of Columbia and Gebhard strains of ‘Red d'Anjou’ pear fruits
was decreased significantly during storage.

Crisosto, et al. (1994) reported that "Yali' pear fruits were harvested
at intervals between 10 days before and 10 days after commetcial harvest
and stored at 0, 10, or 20 C. Browning occurred only in fruits harvested when
skin colour had changed from green tolight green-yeliow. EI-Seidy {1394}
stored 'Le Conte’ pear fruits for 8— 11, 4 - 5and 1 week at 0, 10 C and room
temperature, respectively. The author stated that fruit weight ioss, SSC, and
reducing sugars increased, however, firmness and acidity decreased during
storage. The higher the storage temperature, the higher the content of
phencis. Chen, et al (1995} found that '‘Beurre Bosc' pear fruits harvested at
commercial maturity with flesh firmness of 75 M and stored at—1°C were
capable of ripening normally with good quallity after 1, 2 and 3 months of
storage. These fruits softened to 9 7 and 15 N during storage. Hussein, et a/.
(1997) stored 'Le Conte’ fruits at 0, 10 and 20 C, and found that fruit weight
loss increased and flesh firmness decreased with increasing storage
temperature. Changes in TSS and malic acid percentage were temperature
and time dependent. Changes in peel colouration from green to yeliow were
related to storage temperature. XiaoMei, et al. (1998) reported that flesh
firmness of ‘Nanguel’ pear fruits decreased and SSC increased initiglly
before decreasing during storage at 0°C. As & result of increasing the supply
of pear fruits, there is a desperate need to identify the right stage of harvest
(maturity) that will satisfy the consumer and lo extend the marketing penod
with high quality fruits. The objective of this work was to study the effect of
harvest stage, storage temperature, and storage period on storab:hty and
physical and chemicai parameters of ‘Le Conte’ pear fruits
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MATERIALS AND METHODS

‘Le Conte' pear fruits were obtained from College of Agriculture
Expenmental Farm, Suez Canal University, Ismailia. Fruits were hand
harvested during August, 1983 and 2000 seasons, at three different stages of
development and transported to the lab within 1hr of harvest. As starch
indices have not yet been developed for ‘Le Conte’ pears, the optimal
commercial fresh market flavour develcpment was determined by using the
slarch index for "Granny Smith' apple (Ministry of Agriculture and Foods,
Horticultural Research Institute of Ontaria, Vineland Siation, 1988). The mndex
was 1 = minimum starch and 6 = maximum starch. Starch  index for
pear fruits at harvest ranged between5-6,4 -5 and 1- 2 for first, second
and third harvest stages, respectively. The three harvest stages included one
stage at the oplimal commercial fresh market flavour deveiopment (second
harvest stage, starch index 4 - 5), one stage earlier than optimal {first stage of
harvest: starch index 5 - 6) and one stage later than oplimal (third harvest
stage: starch index 1 - 2), Crisosta, et al, {1934). Soluble solids content
(S8C} at harvestwere 1104, 11.72 and 12.38 for the first, second and third
stages, respeclively, for the first season. 1n the second season, 55C were
11.52, 12.24, and 12.94 for the first, second, and third. respectively. Firmness
at harvest was 32.3, 36.0, and 30.6 for the first, second, and third harvest
stages. respectively. for the first season. (n the second season, firmness was
43.2. 39.0, and 39.9 for the first, second, and third stages, respectively. Fruits
were sorled to eliminate defects. Sound fruits were washed by chlorine
solution, 100 ppm and air dried. five individual fruit replicates from each stage
were used {one {ruit per replicate) and were put into perforated colourless
plastic 365 ¥ 245 cm bags (1 mm in diameter hole per 16 em? bag area)
Three huncred fruits were used for each harvest stage. Al bags from each
matunty stage were dividad into threa groups. £ach group (one hundred fruits
from each harvest stage) was stored at 2, 4 or 8 C and 75 — 80 % RH. Fruits
were sampled at harvest {zerc time) and at {0-day intervals. Fruits were
analyzed upon remeval from the cooler up to 80 days. Parameter measured
were, fresh weight loss, firmness, soluble solids content (SSC), titratable
acdity {TA), pH, phenolic acids, reducing sugars, ceolour intensity af harvest,
and dry weignt,

Fresh weight loss evaluation:

Frut were weighed individually after harvest, iabeled. and stored. At
each sampling time {10-day intervals up to 90 days) the same fruit were
reweighed. VWeight ioss was expressed as a percentage of the criginal fresh
weight of the fruit.

Firmness:
It was measured on two sides of the fruit using Effegt penetrometer
« (McCormick. Yakima. Washington) with 0.7 cm plunger,

For chemical analysis, peel and core of the fruits were removed and

the remaining tissues were pulped into purees (uUsing a blender).

6289



El-Shiekh, A. F. et al.

Soluble solids content (SSC).
They were determined in the puree using Milton Roy (Japan)
refractometer.

Acidity.
It was determined by titrating 10 g of puree using 0.1N NaOH until pH
8.0 and expressed as % malic acid

. Total phenclic acids.

They were guantitatively determinad by the methods of Weurman
and Swain (1955) at 640 nm with chlorogenic acid as the standard {Coseteng
and Lee, 1987).

Reducing sugars.
They were determined according to the methods of the Assaciation of

Official Analytical Chemists (1984).

Colgur intensity,

Colour evaluation was done at harvest time for each treatment at four
sides around the equator of each fruil replicate {10 replicates were used for
each treatment) using a Minoita CR 10 Chromameter (Minalta Crop . Japan)
measuring CIE L, a, b coordinates (Francis, 1880} Awverage values were
determined for individual fruit exocarp for subsequent statistical analyses.

Dry weight.
Ten grams grated pear mesocarp were weighed in aluminum pan,
dried at 70 C to constant weight The weight of aluminum pan was

sublracted and % dry weight (dry weight / FW x 100} was calculated.

Statistical Analysis

The statistical analysis was done between all the effects, stages of
harvest, storage temperatures (2, 4 and 8 ), and storage duration up to 30.
Then ancther statistical analysis was run for stages of harvest, storage
temperatures (2 and 4 C) and storage duration from harvest up to 20 days of
storage. This was dene for all the variables being studied. LSD (5 %) values
were calculated for each variable in each year. The experiment design was
completely randomizad wilh a factorial arrangement of harvest date, storage
temperature, ang sampling time (Steel and Torrie, 1980). Analysis of variance
ang means comparison (LSD) were performed using Statistix 4 4 (Analytical
Software, Inc., Tallahassee, FL). The model used for analysis contained
harvest date, storage iemperature, and sampling time effects and their
interactions,
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RESULTS AND DISCUSSION

Effect of harvest stages on pear fruit parameters.
Fruit peel colour values.

Colour values of fruits of different harvest stages in both seasons
{1989 and 2000) are shown in Table 1. At harvest, the 'L’ colour values,
which measure relative white (100} to black {0} coiour, were higher in fruits of
stages two and three with no significant differences between the two harvest
stages. However, ‘L’ colour values for stzge one of harvest was significantly
lower than the other two stages of harvest, which means that the first harvest
stage had fruits with darker peel colour than the other two stages.

The 'a’ colour values, which indicate the relative green {-) or red (+)
colour, were lower for stage one of harvest than the other stages in both
seasons. This indicates that the fruits at the first harvest stage was greener
and darker than stages two and three. The differences in '@’ colour values
between the first stage and the other two stages of harvest were significant.
However, the differences in ‘2’ colour values between stages two and three
were not significant.

The 'b' colour values, which measure relative yellow (+) to blue (-}
colour, were also significantly lower for the fruits at the first harvest stage
than the other two stages in both seasons. This indicates that the second and
third harvest stages were more advanced in maturity than the first stage of
harvest.

Firmness, weight loss (%), dry weight (%), soluble solids content {(35C),
acidity and pH, total phenolic acids (%], and reducing sugars (%}).

In the first season, no significant differences in fruit firmness were
noticed between harvest stages one and two (Tables 2 & 3} However,
firmnass of the third harvest stage was significantly lower than stages one
and two. The highest weight loss was obtained from fruits of the second
harvest stage, in the first season. However, in the second season, the first
harvest stage fruits had the highest weight loss.

In the first season, the third harvest stage fruits had the highest dry
weight followed by the second harvest stages while the first harvest stage
fruits had the lowest dry weighl content (Tables 2 & 3). Inthe second
season, the second harvest stage fruits had the lowesl dry weight. It worth to
mention that stage three of harvest, more advanced In ripening, lost more
water during storage and that could explain the increases in dry weight. The
different data obtained in the second season may be due to the availabilty of
water to the tissue at the time of harvest

In both seasons, fruits of the third harvest stage (Tables 2 & 3} had
significantly higher SSC and lower acidity than fruits of the other harvest
stages. The second harvest stage fruits had higher SSC (in the first season)
and lower acidity in both seasons than the first harvesl stage (Table 2). The
second harvest stage fruits {Table 3} had significantly higher SSC (in both
seasons) and lower acidity (In the second season) than lhe first harvest slage
frunts. "
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Table 2. Effect of harvest stages on some physical and chemical
parameters of ‘Le Conte’ pear fruits. Composite effect of storage
duration (0 — 90 days) and storage temperatures (2or4 C) in
1999 and 2000 seasons.
Stages of harvest

Parameters Year 1 2 3 LSD 5%
Firmness (N} 93 276 27.4 25.1 a7
2000 328 31.4 27.8 10
Weight loss (%) 99 6.74 709 6501 0 46
2000 7.95 719 677 035
Dry weight (%) 99 13.78 14.12 15 35 022
2000 16.66 15 82 16 79 022
SSC (%) 99 12.00 1240 1370 019
2000 14.06 13.87 14 92 0.19
Malic acid {%) 99 0.246 0.230 0.200 0.007
2000 0.406 0.336 0335 0013
pH 99 4.00 4.04 409 04
2000 4,58 476 4 84 0.c3
Phenalics (%) g9 0 060 0061 0069 0003
2000 0.053 0 054 0052 0003
Red sugars (%) 99 839 8.5¢ 9.24 0.22
2000 7.96 g 36 8.96 C21

Table 3. Effect of stages of harvest on some physical and chemical
parameters of ‘Le Conte’ pear fruits. Composite effect of
storage duration (0 - 30 days} and storage temperatures (2, 4
or 8 C) in 1999 and 2000 seasons.

Stages ol harvest

FParameters Year 1 2 3 LSD 5%
Firmness (N} 28 284 283 255 1.0
2000 39.9 33.3 212 16
Weight loss (%) 99 2.90 322 3.06 030
2000 376 278 300 G 25
Dry weighl (%} 99 13.67 14.16 1519 028
2000 15.72 15.41 16 01 G 33
SSC (%} ag 1148 12.27 1336 024
2060 12.65 1313 1418 0.25
Malic acid {%) 98 (G 250 0.251 0222 0010
2000 0.331 oan 03210 2.017
pH 93 3.81 3,86 397 G 0S
2000 453 4869 4.81 0.0%
Phenolics (%) a9 0057 0.057 0061 0 105
2000 0.045 0.048 0044 0004
Rec sugars (%) 99 762 6.15 843 024
2000 709 759 783 027

in boih seasons. pH was significantly higher in the second and third
harvest stages fruit than the first harvest stage Data revealed thal pH values
were higher for fruits of the second season than the first one within all harvest
-stages fruits (Table 2 & 3} Meilenthin and Chen (1881) reporled that laler
harvested ‘Anjou’ pear fruits tended to have less titratable acidity after
storage.
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In the first season, the third harvest stage fruits had higher phenolic
acids and reducing sugars than the first and second harvest stages fruit
(Tables 2 and 3). No significant differences were noticed in total phenolic
acids (Tables 2 and 3) and reducing sugars (Table 2) between the first and
second stages fruit. In the second season, the three stages showed
somewhat similar total phenolic compound values while the second and third
harvest stages fruit had significantly higher reducing sugars than the first
stage fruits (Table 2). For both seasons. fruits of different harvest stages
{Table 3) had no differences in total phenolic acids. Ju (1991) found that fate
“harvested pear fruits had four times lower phenolic acids and higher reducing
sugars content than early harvested fruits. However, Herregods and Goffing,
{1983) found that late harvested fruits were more sensitive to internal
breakdown during storage and may be this is the reason for the tissue to start
accumulating phenolic compounds.

Effect of storage temperatures.

Fruits stored at 2 C (Table 4) had significantly higher firmness than
fruits stored at 4 C in both seasons. Fruits stored at 2 or 4 'C (Table 5) had
significantly higher firmness than fruits stored at 8 'C.

As fruit mature and ripen they soften by dissolution of the middle
lamella of cell walls. The higher the temperature during storage, the faster
this process will happen.

Fluctuation in data in response to storage temperatures (Table 4)
was obtained for fruit weight loss and dry weight in both seasons. However,
fruits stored at 8 'C had significantly higher weight loss (in both seasons) and
dry weight (in the first season) than fruits stored at 2 or 4 'C. No differences
were noticed in weight foss or dry weight between fruits stored at 2 or 4 C
(Table 5). Shcherbatko, et al. {(1986) reported that storage of pear fruits was
associated with a reduction in dry mater content. The increases in % dry
weight during storage at high temperature might related to the relatively
higher water loss. Hussein et al. (1997) stored 'Le Conte’ pear fruits at 0, 10
and 20 C and found that fruit weight loss increased with increasing storage
temperature.

Water loss from fruit tissue increases at higher storage temperatures,
which results in increasing weight loss. Also, high storage temperature
increases respiration rate during which organic materials (sugars and organic
acids) are consumed and water is lost, accordingly, weight loss increases.

In both seasons, fruds stored at 2'C had higher acidity than fruits
stored at 4'C (Table 4)while no significant differences were noticed in SSC
between fruits stored at 2 and 4 C (Tabies 4 and 5). Fruits stored at 8 “C had
higher SSC and acidity than fruits stored at 2 or 4 “C in the first season (Table
5). In the second season fruits stored at 8 C had the lowest acidity. No
definite trends were obtained for fruit pH as affected by the different storage
temperatures in both seasons El-Seidy (1994) reported that malic acid
content of ‘Le Conte’ pear fruits decreased with increasing of storage

temperature.
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Tabie 4: Effect of storage temperafures (2or4 'C) on some physical and
chemical parameters of ‘Le Conte’ pear fruits. Composite
effact of stages of harvest and storage duration (0 - 90 days) in
1999 and 2000 seasons.

Storage temperaturas { C)

Parameters Year 2 4 LSDS%
Firmness (N} 99 290 245 086
2000 317 298 0.8
Weight loss (%) 99 6.88 B.35 0.38
2000 7.05 7.56 029
Dry weight (%) 99 14.53 14.30 0.18
2000 165.44 16.41 0.18
SS5C (%) 99 1277 12.64 015
2000 14.31 14.26 018
Malic acid (%) 99 0.230 0220 0.006
2000 0.361 0.357 0.010
pH 99 401 407 0.03
2000 475 471 0.03
Phenotics {%) 99 0062 0061 0.002
2000 0.051 0.055 0.003
Red. sugars (%) 99 6.77 865 018
2000 8.38 8.47 017

Table 5: Effect of storage temperatures (2, 4 or 8 C) on some physical
and chemical parameters of ‘Le Conie’ pear fruits. Composite
effect of harvest stages and storage duration (0 - 30 days) in
1999 and 2000 seasons.

Storage temperatures { C)

Parameters Year 2 4 8 LSD5%
Firraness (N) 1] 313 304 21.5 10
2000 37.0 36.1 293 1.8
Weight loss (%) 99 270 249 3.99 020
2000 247 2.56 4.5 0.35
Dry weight (%) 99 14.25 1425 1453 026
2000 1589 15,92 15.31 Q.20
EST (%) 99 12.26 1218 1268 024
2000 1341 13 37 1317 025
Malic acid /%) 99 0235 0.239 0.249 0.009
2000 0.347 0.340 0.266 0.017
oH 99 3.88 394 382 005
2000 4 65 4 64 474 005
Phenolics (%) 99 0.056 0056 0.064 Q005
2000 0 Ga4d 0.047 Q047 0 Qo4
Red sugars (%) g3 7.81 7o 347 024
2000 7 589 768 739 c27

Fruits stored at 4 C had significantly higher pH in the first season
and lower pH in the second season than fruits stored at 2 °C (Table 4).
However. fruils stored at4 C had higher pH than fruits stored at2 C or 8 C
in the first season (Table 5) In the second season, fruits stored at 8 'C had
higher pH than fruits stored at the other two temperatures (Table 5).

In the first season, fruits stpred at 4 C had significantly lower % total
phenolic acids than fruits stored at 2 'C while the opposite was true in the
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second season (Table 4). In the first season, fruits stored at 8 ‘C had
significantly higher phenolic compounds and reducing sugars than fruits
stored at 2 or 4 C(Table 5). Also, fruits stored at 4 °C had higher reducing
sugars than fruits stored at 2 C.

Abd EIi-Migid (1988) found that reducing and total sugars
percentages increased with the progress of storage time in 'Le Conte’ and
‘Kiefer’ pear fruits at all temperatures used but the non- reducing sugars of
both cultivars showed a significant reduction with the progress of storage
lime. Also, El-Seidy (1994) found that reducing sugars increased with the
- increase of storage temperature of ‘Le Conte’ pear fruit.

The increases in reducing sugars during storage may be due to the
needs of the tissues for these sugars to respire (for ripening process} at low
rate depending on the storage temperature. Such increase is partially due to
the changes of complex carbchydrates like starch to simple sugars.

Effect of storage duration on pear fruit parameters.

In both years, firmness decreased during storage while weight loss,
SSC, total phenolic acids, and reducing sugars increased significantly
(Tables 6 & 7).

In the first season, dry weight (Table 8) of fruits did not change
significantly during storage up to 60 days then increased. In the second
season, dry weight increased after 40 days of storage in fruits stored for 90
days (Table 6).

Acidity of the fruits decreased significantly in the first season after 70
days of storage. However, inthe second season, acidity increased after 30
up to 80 days of storage then decreased again at 90 days of storage (Table
8). Fruits stored for 30 days {Table 7) had higher dry weight and lower acidity
during storage than at harvest but data faled to show any significant
differences in both seasons.Abd El-Migid (1986) reporled that Firmness
decreased with the progress of storage time of ‘Le Conte’ and ‘Kiefer pear
fruits. Such changes were temperature — time dependent. Fruits weight loss,
SSC. and reducing sugars in both cultivars increased while acidity decreased
with the progress of storage at 0, 5, 10 and 20 'C. Shcherbatko, et al (1986)
of pears fruits, respectively, decreased during storage. Pauj, et al. {1893}
found that titratable acidity of Columbia and Gebhard strains of ‘Red d'Anjou’
pear fruits was decreased significantly during storage
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Table 7. Effect of storage duration on some physical and chemical
parameters of ‘ Le Conte’ pear fruits. Composite effect of
harvest stages and storage temperature (2, 4, or 8 'C) in 1999
and 2000 seasons.

Storage duration {days)

Parameters Year o 10 20 30 LSD 5%
Firmness (N) 99 330 301 248 231 1.1
2000 40.7 36.5 328 292 1.8
Weight loss (%) 99 0.00 248 407 569 035
2000 0.00 258 o 6§23 040
* Dry weight (%) 99 14.27 14.35 14,32 1443 030
2000 15.64 15.67 1576 1571 048
S8C (%) 99 1.7 12.51 12.60 1266 027
2000 1223 13.17 13.76 14.08 0.29
Malic acid (%) 99 0241 0.246 0239 0238 0011
2000 0326 0.310 0.310 0.324 0.020
pH 99 3.85 3.85 3.89 393 005
2000 442 4.65 4,82 4.81 0.06
Total phenolics (%) 99 0054 0.055 0.060 0.066 0005
2000 0.040 0046 0047 0051 0.008
Reducing sugars (%) 99 753 7.93 8.28 8.51 027

2000 6.57 7.48 8.03 8.14 0.31
“initiat value at harvest, prior to storage.

Interaction effects of harvest stages, storage temperatures and storage

duration.
1. Firmness
In 1999 and 2000 seasons. firmness decreased significantly during

storage for 80 days {Table 8} in all fruits from the different stages of harvest
after 70 days of storage. The reduction in firmness during storage was
obvious and greater in the fruits from the third harvest stage, which were
more advanced in maturity. In the first season, the reduction of storage
temperature (2 C) maintained fruit firmness without significant differences up
to 50 days for the first and third harvest stages and up to 20 days at4 C for
all stages of harvest. However, under 8 C, the firmness of the fruits reduced
to almost hall {from 32.3, 36.0 and 30.6 for first, second and third harvest
stages, respectively, to 15.4, 15.9 and 15.9) after 20 days of storage. After 90
days of storage at 2 C, firmness reached to 26. 8,24.7 and 22.8 N for the
first, second and third stages of harvest, respectively. On the other hand, at 4
C and after 90 days of storage, firmness of the first, second and third harvest
stages were 5.1, 10.8 and 11.7, respectively. The maximum reduction in
firmness was obtatned from fruits stored at8 "C up to 30 days followed by
fruits stored at 4 'C Storage at 2 "C maintained good fruit firmness.

In the second season, firmness also decreased significantly during
storage of fruits ateitner2, 4 or 8 'C from all stages of harvest. Storage at 2
and 4 C maintained fruits firmness for longer time during storage while 8 C
helped in maintaining the firmness for almost 10 days in both seasons.
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Abd E!-Migid (1986) reported that firmness decreased with the progress of
storage time in 'Le Conte' and ‘Kiefer pear fruits at all temperatures used.
Such changes were temperature - time dependent. The decrease of firmnecs
could be a result of changes of insoluble carbohydrates (protopectine,
ceflulose and hemiceliulose) to simpie carbahydrates like pectin.

2. Weight foss (%).

Weight loss of the third harvest stage was higher than that of the first
and second harvest stages at afl lemperature used in both seasons. In
. addition, no major_differences were noticed in fruits weight loss for the fruits
stored at 2 or 4 C {Table 9). Minimum weight loss was obtained during 10
and 20 days of storage and the highest weight loss was obtained from the
fruits stored up to 90 days. Fruits weight loss was maximum at 90 days of
slorage at both 2 and 4 C in both seasons. Weight loss increased during
storage under ail the temperatures used. Fruits weight loss (%) was doubled
at 30 days of storage at 8 C. Abd E- Migid (1986) reported that pear fruit
weight 10ss increased with the progress of storage at 0, 5, 10 and 20 C. E-
Seidy (1994) reported a significant increase in pear fruit weight loss with the
increasing of storage temperature and with the progress of storage time. The
higher the storage temperature, the higher the respiration rate and the higher
the weight loss Is. Weight loss is mainly a result of water loss from fruit
tissues and partialiy of the respiration process during storage.

3. Dry weight (%)

At harvest, percent dry weight was significantly higher in fruits from

the third harvest stage than the fruits from the first and second harvest
stages.
During storage at all temperatures used, dry weight was higher in third
harvest stage fruits than the other fruits and this was true for both seasons
(Tatle 10). Significant increments were noticed in dry weight in the second
season for fruits stared at 2 or 4 C.

Fruits dry weight was higher for fruits stcred at 8 “C for 10, 20 and 30
days in comparison with fruits stored at 2 or 4 C.

The increase in dry weight during storage is partially due to the water
foss from fruit tissue. The higher the storage temperatures the higher the
water loss and the higher the tissue dry weight content,

4. Soluble solids content (S5C})

Soluble sclids content increased significantly during storage of all
fruits from different stages of harvest and stored at different temperatures in
both seasons (Tabie 11}

At harvest, SSC (%) was higher in fruits from the third harvest stage
than fruits of the first and second harvest stages in both seasons. No
differences were noticed in SSC bebween the fruits of second and third
harvest stages at harvest. No differences were noliced in S5C during storage
at 2 or 4 C of first and second harvest stages frut while the third harvest
stage fruils had significantly higher SSC than fruits from both stages.
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During storage at 8 'C, fruits of the second and third harvest stages
had higher SSC than fruits of the first harvest stage.

In the first season, it was noticed that fruits of the first harvest stage
and stored at 8 'C had significantly higher SSC up to 20 days of storage, then
the SSC decreased thereafter.

In the second season, fruits of the first, second and third harvest

stages and stored at different temperatures (2 or 4 C) had no differences in
S§SC during storage. During storage at 8 C first harvest stage fruits had
lower SSC than the same fruits stored at 2 'C or4 'C. Chen and Mellenthin
- (1981) stored ‘Anjou’ pear at-1.1 C for 5 months. Sciuble solids increased
from 12.1 fo about 13.1% then stabilized at about 13.2% and remained at that
level with little change throughout 5 months of storage. Hussein, et al. (1997)
stated that changes in TSS of ‘Le Conte’ pear fruits stored at 10 and 20 'C
were temperature and time dependent.

The increase in 8SC could be due to the degradation of complex
insoluble compounds {starch) to simple soluble sugars.

5-Acidity (%} and pH

In 1999, fruits acidity of the first and third harvest stages increased
during storage at2 or4 C then decreased after 80 days and 60 days for the
first and third harvest stages, respectively. At 8 C, fruits of the first and third
harvest stages behaved similarly in the first week of storage The acidity of
the second harvest stage fruits decreased significantly during storage at all
temperatures used (Table 12).

Data in the second season showed significant acidity increases
during storage for fruits of all harvest stages and stored at2 C or4 ‘Cupto
70 days then decreased thereafter. Fruits stored at 8 'C for 30 days had
significantly lower acidity during storage

The pH of the first harvest stage fruits was lower than the other two
stages of harvestin both seasons (Table 13). During storage at 2 ‘Cord C
of all harvest stages fruit, pH increased significantly. However, fruits of the
first and third harvest stages stored at 8 'C up to 30 days had no significant
changes in pH during storage in the first season. In addition, pH of the
second harvest stage fruits decreased significantly during storage at8 C. In
the second season, pH increased in ali fruits from different stages of harvest
and stored at different temperatures (2, 4 and 8 C). The differences were
great in the pH of the fruits at harvest and after 30 and 90 days of sicrage.
Abd El-Migid {1986) found that litratable acidity decreased with the progress
of storage time at 0, 5, 10 and 20 Cin Le Conte' and Kiefer’ pear fruits.
Paul, et al. (1993) stated that titratable acidity of Columbia and Gebhard
strains of ‘Red d'Anjou’ pear fruits was decreased significantly during storage.

Malic acid is a respiratory substrate and its consumption in
respiration increases with the progress of storage period and this may be
responsible for the observed decreases in acidity during the last days of

storage.
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6-Total phenolic acids (%)

In the first season (Table 14), the third harvest stage fruits had higher
phenolic acids than the first and second stages at harvest. At 90 days of
storage, no significant differences were noticed in the total phenolic contents
of the different harvest stages fruit under 2 or 4 “C. However, after 30 days of
storage at 8 'C first harvest stage fruits had significantly higher phenolics than
the other fruits stored at 2, 4, or 8'C. Fruit totai phenolic acids increased
significantly during storage in both seasons.

In the second season (Table 14) no differences were noticed
between different harvest stages fruits at harvest. Fruits of the first harvest
stage stored at 8 'C had significantly higher phenolics after 10 days of
storage. The second harvest stage fruits had higher phenoiics at 30 days of
storage at 8 'C. However, phenolic contents of the third harvest stage fruits
did not change significantly during storage at 8 C.

Meilenthin and Wang (1974) indicated that phenolic substances,
which are assoctated with discoloration and which serve as the substrate for
polyphencloxidase, also declined with maturity and accumulated during
storage of ‘d'Anjou’ pear. Late harvested fruits were more sensitive to internal
breakdown during storage and accumulate phenolic compounds. {Herregods
and Goffing, 1993). El-Seidy (1894) found that the higher the storage
temperature. the higher content of pear fruit phenols.  The accumulation of
phenolic compounds may be a resuit of low polyphenaloxidase activity during
storage of the fruits.

7-Reducing sugars

In both seasons (Tabie 15), at harvest, fruits cf the third and second
harvest stages had higher reducing sugars than the other stages. During
slorage at2 or 4 C reducing sugars (%) increased sigrificantly after 30 days
of storage for all stages of harvest relative to the harvesl time. Hawever, fruits
stored at 8'C had signficantly higher reducing sugars after 20 days for the
first and third harvest stages fruit and after 10 days for the second harvest
stage fruits. At 2 or 4 "C no major differences were noticed in fruit reducing
sugars content between the different harvest stages. Fruits stored at 8 C had
higher reducing sugars content after 20 days than fruits stored at 2 or 4 C.

in the second season and after 10 days of storage at 2 or 4 C, fruits
of the first and third harvest stages had significantly higher reducing sugars
than fruits at harvest The second harvest stage fruits content of the reducing
sugars increased after 10 days of storage at 2or4 C The first and third
harvest stage fruits content of reducing sugars increased durnng storage at 8
C. The increases were significant after 10 of storage for the first and third
harvest stages and after 20 days for the second harvest stage. El-Seidy
(1994) fcund that the reducing sugars content of ‘Le Conte' pear fruits
ncreased with increasing storage temperature and with the progress of
.storage penod.
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The second harvest stage (SSC = 11,72 to 12.24%, firmness = 36.0
to 39.0 N, and starch index = 4 to 5) could be recommended as the best
harvest stage for ‘Le Conte’ pear fruits. ‘Le Conte’ pear fruits could be stored
at 2 C for 70 days with good quality. Storage of ‘Le Conte' pear fruits at
temperature higher than 2 C does not help the fruit in preserving good
quality. Also, storage period longer than 70 days causes deterioration to the
fruit quality especially after taking the fruit out the cooler,
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