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ABSTRACT

The results of 2004 and 2005 seasons revealed that all proline
treatinents significantly reduced chilling injury, weight loss percentage and
percent of unmarketable fruits during cold storage i.e. climinated fruit surface
pitting. This effect was clear in Banzahir limes than that of marsh grapefruit.

In both scasons, peel proline free amino acids significantly increased
with proline treatments and with increasing cold storage duration for both
Banzahir limes and marsh grapefruit, whereas, pecl total sugars decreased with
proline application.

All proline treatments caused a pronounced increase in fruit juice and
ascorbic acid, while acidity was decreased, TSS were increased with storage
time.

We can noticed that proline foliar treatments had better result compared
with proline fruit dipping trcatments.
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INTRODUCTION

Storage of citrus fruits at relatively high temperatures might be considered
unappropriate due to the high incidence of fungal attack and rapid fruit deterioration.
On the other hand, being of tropical and subtropical regions, citrus fruits are
potentially chilling sensitive and susceptible to low storage temperatures injure (El-
Helaly, 2002). Chandler (1985), Davis and Harding (1995), as well as, numerous of
other investigators had reported that fruit peel pitting, a form of rind breakdown,
occurs frequently on citrus fruits under cold storage. Differences between citrus
species and varieties in the development of peel pitting; the chilling injury symptom,
were quite noticed. Purvis (1980) and Chandler (1985) stated that lime and grapefruit
rinds, certainly, tended to be more resistant to chilling injury such as pitting than
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other citrus cvs. Nevertheless, Purvis (1980) compared the respiration rate of chill-
sensitive grapefruit flavedo and that of limes, the more chill-resistant and found a
break in Arrhenius plot of CO; evolution and O, uptake by grapefruit flavedo at 12°C
or lower. He pointed out that oxidase activity, membrane proteins and/or change in
the substrate respired at chilling temperatures may have a role in the development of
peel chilling injury. Furthermore, Purvis (1981), Purvis and Yelenosky (1982) and
‘Nordby ¢t al. (1987) found that during cold acclimation of young grapefruit trees
considerable change occurred in proline and soluble carbohydrates of fruit peel
flavedo tissue. They suggested that these changes might be in direct relation with the
susceptibility of grapefruit rind to chilling injury. Purvis et al. (1997) found that fruits
harvested during mid-season (February — March) are generally, less susceptible to Cl
than fruits harvested earlier in the season (October- January). He mentioned that
proline levels were high in March as a result of low temperatures and reach a
minimuim in January.

Syvertsen and Smith (1993) pointed out that proline is synthesized in
leaves and transported to fruit, and they indicated that the concentration of
proline did not change appreciably neither in lime nor in grapefruit peel during
the storage period. Therefore, this investigation carried out to study the effect of
preharvest and postharvest proline application on minimizing chilling injury of
Banzahir limes and Marsh grapefruits.

MATERIALS AND METHODS

This investigation was carried out during 2004 and 2005 seasons in
order to study the effect of pre haryest foliar spray of proline and postharvest
fruit dipping treatments in proline (amino acid) at different concentrations in
eliminating chilling injury on Banzahir limes and Marsh grapefruit during cold
storage at 5°C and RH (85-90). Thc Banzahir hme trees were 18 years old and
grapefruit trees were 25 years old, grown in a private orchard at El-Taarh
village, El-Behera Governorate.

The trees were budded on sour orange rootstock and spaced at 5 meters
apart. The orchard soil was clay loam. The trees were flood ifrigated with Nile
water, fertilized with 19 cublc meters of organic manure per feddan in winter,
and with ammonium muat; (33% N) at a rate of 2.5 kg per tree, a three equal
doses, March, may and July. Twenty enght nearly uniform trees were selected
from both species for the study. Sixteen trees from the selected trees were
arranged in a randomized complete block design and were sprayed with water
only (control), 0.4, 0.8 and 1.2% proline each spray treatment was replicated 4
times. In both experimental seasons the trees were sprayed three times, at full
bloom, fruit set and four weeks before harvested. Fruit of both species were
harvested during the second of November of both 2004 and 2005 from the
experimented trees. From all selected trees (both citrus species), 150 round fruits
free of rind punctures and of similar size were chosen from each replicate (trec).
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For fruit dipping treatments in proline, fruit from other 12 trees (non
sprayed trees) from both citrus species were also, picked and 150 fruits were
taken from each replicate (tree). Fruits were dipped in 2% tween 80 + proline at
0.4, 0.8 and 1.2 % (for 5 minutes) and the dipping treatments were repeated 3
times at one hour intervals, then fruits were allowed to dry. All treated fruits
were held in plastic nets, then stored at 5°C with 85-90% relative humidity for
12 weeks. The storage temperature was proposed by Purvis and Grierson (1982)
to maxiinize the development of fruit peel pitting and the symptoms of chilling
injury were recorded at 3 weeks interval.

Four fruit samples (replicates) of 10 fruits each, were taken at random
from both fruit species and fruit were periodically weighed and the loss in weight
loss percentage was calculated.

The number of unmarketable fruits due to chilling injury, decay and
shrinkage was recorded and calculated as percentage from the total number of
each sample. -

Four fruit samples (replicates) of 10 fruits in each, were taken at
random from both fruit species. The pitted areas on the peel of each fruit were
measured by tracing the outlines of all the pitted spots onto tracing paper
(Ahmed and Ismail, 2000).

In the pee! tissue (flavedo and albedo) of each sample soluble sugar
were extracted by 80% ethanol. The total soluble sugars of the extract was
determined before and after hydrolysis with HCl by the Nelson arseno-
Molybdate colorimetric method, as described by Malik and Singh (1980). Total
free alpha amino acids were directly determined in the sugar alcoholic extract
using Lee and Takahashi (1966) method. Proline of the flavedo was determined
as described by Bates er al. (1973).

The juice was extracted from eight fruits of each sample (Rep.). It was
analyzed for total soluble solids, acidity and vitamin C. The percentage of total
soluble solids in the juice was determined by a hand refractometer. Acidity of
juice was determined by titration with 0.1 N sodium hydroxide. The percentage
of acid (expressed as citric acid) was then calculated. Ascorbic acid (Vitamin
C)was determined by titration with 2, 6-dichlorophenol indophenol dye in the
juice and expressed as mg/100 mi juice. According to A.O.A.C (1990) The data
collected throughout the course of this study was statistically analyzed using the
randomized complete block design with 7 treatments and 4 replicates as a
method described by Snedecor and Cochran (1990). The L.S.D method at 0.05
level was used to compare the effect of treatments (T), date of sampling by weeks
{(W)and their interaction (T x W).
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RESULTS AND DISCUSSION

Chilling injury symptoms

The data presented in Tables (1 and 2) showed that in both seasons of
study the symptoms of chilling injury were significantly reduced by all proline
treatments compared to control. It was clear from the pitted area (PA) data that e
it was almost eliminated. In the meantime, the data indicated that, the two foliar
applications of proline at (0.8 and 1.2%) significantly had the best result in this
respect compared with other proline treatments in both citrus species.

The effect of proline treatments in eliminating fruit surface pitting
symptoms of Cl, was clear in Banzahir limes than that of marsh grapefruit.
Purvis (1980) pointed out that limes and orange were more resistant or less
susceptible to chilling injury compared to grapefruit. Moreover, it was noticed
that the development of surface pitting was delayed towards the end of the
storage period. This argument was more pronounced in Banzahir limes. These
results were in line with those obtained by Purvis (1980).

Peel composition

The data of the present investigation, generally, indicated that in both
seasons of study, All proline treatments significantly reduced pitting and fruit had
higher proline concentration in the peel of both types of fruit as compared with the
control fruits. In the meantime, the proline foliar application at (0.8 and 1.2%)
induced resulted in higher peel proline content than other proline application
treatments in both types of fruits. Data, also indicated that the concentration of proline
in the peel of either Banzahir limes or Marsh grapefruit tended to show a marked
increase with increasing cold storage duration. This increment, however, was
supported by statistical significancy in cither years of study and or with both citrus
species (Table 1 and 2). These results appeared to agree with those reported by other
numerous investigators, Purvis and Yelenosky (1982), Syvertsen and Smith (1983) as
well as, Nordby ef al. (1987)who reported that proline apparently increased in
grapefruit flavedo or peel tissues in response to low temperatures. The concentration
of free amino acids in the peel of both fruit species was significantly higher in all
proline applications as compared with the control. In the meantime free aniino acids
in peel of fruit were higher in fruits treated with foliar application at (0.4, 0.8 and
1.2%) than fruit treated with other applications in both years of study (Tables 1 and
2).

Moreover, a general increase of peel free amino acid content in all treated
fruits with proline was noticed with storage duration in both seasons of study. This
trend is in agreement with the findings of Leopold and Kriedmann (1981) who
reported that subjecting substropical fruits to chilling temperatures from 0°C to 10°C
associated with a matching increase in amino acids. Moreover, Levitt (1969) added
that protein hydrolysis under cold storage conditions increased substantially 4 to 9
times than the normal rate .



Table (1): Effect of proline treatments on eliminating chilling injury and peel proline and free amino acid contents of Banzahir
limes during cold storage in 2004 and 2005 seasons

Stored period (Weeks)

Pitting area (cm’/fruit)

12 Mean 0 3
3.20 1.48 0.00 0.56
1.77 0.67 0.00 0.00
1.32 0.44 0.00 0.00
1.40 | 0.448 || 0.00 0.00
1.86 | 0.744 || 0.00 0.29
1.83 0.634 || 0.00 0.00
1.55 | 0.530 )| 0.00 0.00
1.85 0.00 0.12
TxW=2.13 T=0.45

Proline (mg/ 100g peel)
| Control 10.66 | 9.36 7.88 8.20
! Proline (S) 0.4% 13.80 | 12.87 || 13.00 | 13.59
‘ Proline (S) 0.8% 16.11 | 14.74 || 13.96 [ 14.50

[ Proline (S) 1.2% . 16.95 | 15.36 |[ 14.40 | 14.78
[ Proline (D 0.4% . 12.92 | 11.38 ]P.ss 11.40

Proline (D) 0.8% . 1293 | 11.53 || 7.88 | 11.71
Proline (D) 1.2% . 12.98 | 11.59 || 7.88 | 11.93
Means . 13.76 10.41 | 12.30
TxW=4 57 T=0.96

Free amino acids (mg/ 100g peel)
29.00 | 28.94 || 25.11 | 29.60
46.40 | 38.97 ]| 31.13 { 36.19
46.30 | 42.34 )] 35.28 | 4035
44.18 | 41.18 ]| 36.23 | 39.28
37.66 | 33.71 || 25.11 | 33.80
. . 38.36 | 34.36 || 25.11 | 35.40
1 Proline (D) 1.2% . . 38.32 | 34.77 |} 25.11 | 3798

Means . . . 29.01 | 36.09

' T=098
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Table (2): Effect of proline treatments on eliminating chilling injury and peel proline and free amino acid contents of Marsh

Treatments

Stored period (Weeks)

Pitting area (cm’/fruit)

12

Mean

0

3

13.42

6.06

0.00

298

Proline (8) 0.4%

9.49

4.20

0.00

1.60

Proline (S) 0.8%

5.06

2.07

0.00

0.00

Proline () 1.2%

5.02

2,02

0.00

0.00

Proline (D) 0.4%

9.60

4.30

0.00

1.81

Proline (D) 0.8%

9.55

4.25

0.00

1.85

Proline (D) 1.2%

9.52

3.85

0.00

0.00

t Means

8.81

0.00

1.18

TxW= 178

T=10.33

Proline (mg/ 100g peel)

5.91

4.92

4.11

4.42

Proline (S) 0.4%

8.79

7.43

6.25

6.96

Proline (S) 0.8%

9.55

8.99

8.41

8.87

Proline (S) 1.2%

9.98

9.48

9.03

9.30

Proline (D) 0.4%

8.61

6.83

4.11

6.13

Proline (D) 0.8%

8.51

6.98

4.11

6.43

Proline (D) 1.2%

8.70

7.20

4.11

6.26

Means

8.58

5.73

6.91

TxW=3.78

T=0.69

Free amino acids (mg/ 100g peel)

28.01

25.65

22.51

25.41

Proline (S) 0.4%

30.93

28.45

26.11

27.40

Proline (S) 0.8%

33.01

29.96

27.07

28.11

Proline (S) 1.2%

33.67

30.52

28.00

28.71

Proline (D) 0.4%

29.91

26.67

22.51

26.73

Proline (D) 0.8%

30.30

27.70

22.51

27.14

Proline (D) 1.2%

30.40

27.71

22,51

27.83

30.89

24.46

27.33

TxW= 3.5

T=

0.72

T W=166
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The content of total sugars was significantly higher in the control fruits
compared with fruits of proline foliar treatments (Tables 3 and 4). No significant
differences were found in total sugars in all proline treatments. The higher content of
total sugars in the control might be due to the extreme severity of the CI symptoms
leading to an early senescence of the fruit peel. This may led to increase the
degradation of the cell wall carbohydrate polymers (Burns, 1990) and consequently
an increase in the total soluble sugars.

Data also showed that in both experimental seasons, it was noticed that the
total sugars had no constant trend through the storage period for both citrus species.
For sugars, it was suggested that an indirect evidence indicated that leaves are the
source of soluble carbohydrates accumulating in flavedo during cold acclimation since
both starch and starch degrading enzymes were not detected in the flavedo tissue
(Purvis and Grierson, 1982). Additionally, citrus fruits are strong sinks of
photosynthesis

To explain the role of total sugars and proline in CI reduction(as shown in
Tables 1, 2, 3 and 4) soluble carbohydrates (including reducing sugars) influence the
mechanism of chilling resistance in several ways. They reduce the water loss by
reducing the cell wall potential stabilize cell membranes and enzymes, and serve as
energy source for cells (Purvis, 1990). Based on this, soluble carbohydrates play a
positive role in reducing the chilling injury symptoms. Similarly soluble sugars and
proline play a beneficial role in CI resistance which directly or indirectly several
functions were suggested such a osmoticum, desiccation protectant, a nitrogen and
reducing power sits during stress and a source of energy (Purvis, 1981).

Concerning free amino acids, there was an argument that the role of
free amino acids was hard to interpret that it linked to sugars, it may be
necessary to comment on its role. Steponkus (1971) indicated that higher
concentration of free amino acids have sugar-binding capacity, which protects
protein from being denaturated at low temperatures, He also, added that higher
free amino acid concentration, provides the necessary conditions to synthesise
new proteins. This leads to more protection to cell walls and hence, reduction of
cell membrane damage or cell collapse.

Finally, it may be concluded that the CI resistance mechanism probably
involves proline, sugars and free amino acids working simultaneously together.

Juice compeosition :
The juice quality of the same fruit used for peel analysis was evaluated
by deternining the contents of ascorbic acid, total soluble solids and acidity.

Examining the data in Tables (5 and 6) pertaining to juice quality, it
was found that ascorbic acid (v.c) content was significantly higher in all proline
treatments than in control and foliar spray — fruits had highest v.c. content in
both citrus species and in both seasons of study.
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Table (3): Effect of proline treatments on peel total soluble sugars content of
Banzahir limes during cold storage in 2004and 200S seasons

Stored period eks)

Treatments 2004
Total sugars (mg/ 100 peel)
0 3 6 9 12 Mean
Control 4.10 4.44 451 4.69 4.90 4.53

Prolinc (§) 0.4% 3.86 4.35 4.46 4.48 4.56 4.34
Proline (S) 0.8% 4.09 4.16 4.23 4.25 4.29 4.20
Proline (S) 1.2% 4.05 4.14 4.32 4.41 4.46 4.28
Proline (D) 0.4% 4.10 4.36 448 4.52 4.75 4.44
Proline (D) 0.8% 4.10 4.25 4.41 4.54 4.69 4.40
Proline (0)1.2% 4.10 4.29 4.35 4.49 4.53 4.35

Means 4.06 4.28 439 4.48 4.60
L.S.D.¢ 05 T=0.23 W=0.16 TxW=1.28
' 2008
Control 4.25 4.43 4.51 4.58 4.76 4.51

Proline (S) 0.4% 4.00 435 4.39 4.45 4.47 4.33
Proline (S) 0.8% 4.19 4.26 433 4.41 4.47 433
Proline (S) 1.2% 4.76 4.28 4.39 4.45 445 4.45
[ Proline (D) 0.4% | 4.25 434 437 439 4.35 433
'| Proline (D) 0.8% 4.25 4.35 4.37 4.48 4.48 4.39
Proline (D)1.2% 4.25 4.32 434 4.41 4.50 4.36
427 4.33 439 4.45 4.33
W=10.14 W

T . Treatments W . Storage period (weeks) T x W Interaction
Proline (5) : proline foliar spray (Treatments ) Proline(D) : proline dipping

It may be suggested here that proline treatments reduced chilling injury
(Pitted Area “PA”) in comparison to control where CI symptoms were severe,
that leads to an early senescence of the fruit.

Ascorbic acid decreased with advanced storage time. This may be
attributed to its oxidation with time (Kays, 1991; Salukhe et al,, 1991).

Data also showed that the total soluble solids content in the juice of the
control fruit was significantly higher than that of the all proline treatments
(Tables 6 and 7). The higher content of TSS in the control fruits was probably
affected by water loss and by cell wall breakdowns due to senescence, both of
which would lead to apparent increase in TSS. Within the treatments, TSS
content, also tended to increase with storage duration (Echeverria and Ismail,
1990) which may be explained by the same reasoning above. The acidity of fruit
juice was significantly higher in the control compared to the other treatments.
However, as pointed out for the TSS, the differences were found due to water
loss that caused concentrating effect in control treatment. The acidity declined
with storage time, which may be attributed to the use of acids as substrates for
respiration (Echeverria and Valich, 1989).
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Table (4): Effect of proline treatments on peel total soluble sugars content of
Marsh nefruit during cold storage in 2004 and 20 seasons

Stored period (Weeks)
2004
Treatments Total sugars (mg/ 100 peel)
0 3 6 9 12 | Mean

Control 546 | 542 | 555 | 546 | 468 | 53l

Proline (S) 0.4% 456 | 462 | 466 | 480 | 492 | 47

Proline (S) 0.8% 454 | 479 | 475 | 479 | 487 | 475

Proline (S) 1.2% 459 | 472 | 477 | 473 | 482 [ 473

Proline (D) 0.4% 546 | 444 | 484 | 457 | 464 | 479

Proline (D) 0.8% 546 | 452 | 484 | 447 | 456 | 4.77

Proline (D1.2% 546 | 466 | 478 | 446 | 455 | 478

Means 508 . 4.78 4.88 4.75 4.72

L.S.D.q 05 T=0.31 W= 10.89 TxW=1.59

2005

Control 550 | 578 | 581 | 545.] 525 | 5.64
| Proline (S) 0.4% 459 | 462 | 491 | 471 | 467 | 470

Proline (S) 0.8% 464 | 466 | 471 | 495 | 464 | 470

Proline (S) 1.2% 474 | 483 | 432 | 480 | 4.59 .

Proline (D) 0.4% 550 | 493 | 496 | 498 | 468 | 501

Prolinc (D) 0.8% 550 | 502 | 526 | 499 | 480 [ 5.11

Proline (D1.2% 550 | 502 | 532 | 477 | 476 | 5.07

514 | 498 | 504 | 501 | 477
T=0.34 W= 026 TxW=1.90

Fruit weight loss and unmarketable fruit percentage ,

The data in Table (7) clearly showed that control treatment had significantly
higher fruit weight loss and unmarketable fruits percentage comparing with all
proline treatments. In the meantime, proline foliar spray treatments had lower fruit
weight loss and unmarketable fruits percentage than proline fruit dipping treatments
in both citrus species and in both seasons of study during cold storage. For fruit
weiglt loss, it may suggested here that proline treatments Eleminimized chilling
stress in comparison to control where the severity CL symptoins leads to an early
senescence of fruits (Salunkhe, 1991). Fruit weight loss and unmarketable fruits
percentage tended to increase with storage duration in line with these results those
reported by (EI Helaly, 2002).

We can conclude from above results that it can be recommended to
supply proline as foliar application treatments (1.2, 0.8 and 4.0%) and fruit
dipping treatnents (1.2, 0.8 and 4.0%) respectively, as a good treatments for
reducing chilling injury, fruit weight loss percentage and unmarketable fruits
percentage in Banzahir limes and Marsh grapefruit during storage at low
temperature (5°C) cold storage and the treatments increased juice v.c. and
reduced TSS and acidity content compared with contro! treatment.



Table (5): Effect of proline treatments on Banzahir limes juice TSS, acid and V.C. content during cold storage in 2004 and 2005 seasons

Stored period (Weeks)
Treatments 2004 2005
TSS%
0 3 6 9 12 Mean 0 3 6 9 12 Mean

Control 9.35 9.43 9.71 9.98 10.15 | 9.72 9.00 9.20 9.45 9.78 9.96 9.48
Proline (S) 0.4% 9.00 9.19 9.39 9.65 9.79 9.40 8.77 8.96 9.18 9.30 9.55 9.15
Proline (S) 0.8% 8.84 9.00 9.28 9.42 9.67 9.24 8.66 8.85 9.00 | 9.22 9.43 9.03
Proline (§) 1.2% 8.95 9.20 9.45 9.63 9.72 9.39 8.46 8.59 8.83 9.00 9.20 8.32
Proline (D) 0.4% | 9.35 9.40 9.61 9.79 9.99 9.63 9.00 9.13 9.21 9.45 9.67 9.29
Proline (D) 0.8% | 9.35 9.39 9.56 9.70 9.88 9.58 9.00 9.11 9.18 9.35 9.56 9.24
Proline (D) 1.2% | 9.35 9.38 9.52 9.65 9.79 9.54 9.00 9.08 9.14 9.25 9.48 9.19

Means 9.17 9.28 9.50 9.69 9.86 8.84 8.99 9.14 9.34 9.55

L.S.D.gos =(.2 W=0.16 TxW= 1.1 T=0.18 =0.14 TxW=0.92
Acid %

Control 11.07 | 10.89 | 10.61 [ 10.24 | 10.00 | 10.56 || 10.90 | 10.76 ] 1045 [ 10.10 | 9.86 10.41
Proline (8) 0.4% | 10.96 [ 10.65 [ 10.38 | 10.08 [ 9.81 1038 {1 10.70 | 10.40 | 10.15 { 9.90 9.70 10.17
Proline (§) 0.8% | 10.91 | 10.60 ; 10.30 | 10.00 | 9.7 10.31 J1 10.55 ] 10.29 | 10.04 | 9.76 9.52 10.03
Proline (S§) 1.2% | 10.85 | 10.40 | 10.06 | 9.96 9.67 | 10.19 1} 10.36 | 10.15 | 9.92 9.65 9.38 9.39
Proline (D)0.4% | 11.07 | 10.72 | 1053 | 10.03 | 984 | 1044 11 10.90 | 10.60 | 10.22 | 9.82 9.48 10.20
Proline (D) 0.8% | 11.07 | 10.63 | 10.50 { 9.98 9.90 10.42 1 10.90 | 1058 | 10.20 | 9.80 9.45 10.19
Proline (D) 1.2% | 11.07 | 10.60 | 1048 | 9.88 9.72 10.35 ]} 10.90 | 10.55 | 10.18 | 9.77 9.42 10.16

Means 11.00 | 1064 | 1041 | 10.02 | 9.81 10.74 | 1048 | 10.17 | 9.83 9.54

L.S.D.go =(0.61 =0.44 TxW=0.32 T=0.56 =0.41 TxW= 2.84

V.C. (mg/ 100 ml juice)

Control 60.03 | 58.00 | 55.04 | 51.00 | 47.15 | 54.24 |1 57.33 | 56.03 | 54.88 | 53.00 | 51.92 | 54.63
Proline (S) 0.4% | 68.21 [ 66.91 | 6570 | 63.90 | 59.01 | 64.75 || 6541 | 64.91 | 63.00 | 61.66 | 60.00 | 63.00
Proline (S) 0.8% | 68.60 | 67.00 | 6599 | 64.15 | 59.90 | 65.13 1 65.94 | 65.21 | 63.60 | 62.00 | 61.79 | 63.71
Proline (S§) 1.2% | 68.71 | 59.54 | 66.11 | 64.75 | 60.55 | 56.53 |1 66.18 | 56.91 | 64.20 | 62.96 | 62.03 | 64.26
Proline (D) 0.4% | 60.03 | 59.50 | 57.00 | 54.01 | 50.00 [ 56.11 }| 57.33 | 56.80 | 5501 | 53.40 | 52.17 | 54.94
Proline (D) 0.8% | 60.03 | 59.61 | 57.14 | 5429 | 50.40 | 56.29 } 57.33 | 57.00 | 56.89 | 53.60 | 52.83 | 55.53
Proline (D) 1.2% | 60.03 | 59.68 | 57.29 | 5444 | 50.66 | 56.42 ]| 57.33 | 57.11 | 56.93 | 5400 | 53.01 | 55.68

Means 63.66 | 62.61 | 60.61 | 58.08 | 53.95 1 60.98 | 6042 | 59.22 | 5723 | 56.25

L.S.D.gec T=0.63 W= 0.47 TxW=3.19 T=0.57 W= 047 TxW= 283

8yl
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Tabhle (6): Effect of proline treatments on Marsh grapefruit juice TSS. acid and V.C. content during cold storage in 2004 and 2005 seasons
Stored period (Weeks)

Treatment . 2004 II 2005
reatments TSS %

0 3 6 9 12| Mean ][ 0 3 3 9 12| Mean
Control 811 | 823 | 834 | 845 | 866 | 836 || 825 | 837 | 849 | 862 | 875 | 850

Proline (S) 0.4% 8.00 8.06 8.20 8.31 8.50 8.27 8.08 8.16 8.30 8.42 8.59 8.31
Proline (§) 0.8% 7.90 8.00 8.10 8.22 8.41 8.13 7.96 8.09 8.19 8.32 8.40 8.19
Proline (S) 1.2% 7.80 7.93 8.07 8.16 8.34 8.06 7.90 8.01 8.11 8.44 8.50 8.19
Proline (D) 0.4% 8.11 8.24 8.28 8.38 8.55 8.31 8.25 8.30 8.40 8.50 8.63 8.42
Proline (D) 0.8% 8.11 8.18 8.24 8.34 8.53 8.28 8.25 8.27 8.36 8.44 8.60 8.38
Proline (D) 1.2% 8.11 8.15 8.20 8.30 8.45 8.24 8.25 8.20 8.30 8.36 8.53 8.33

Means 8.02 8.11 8.20 831 8.49 8.13 8.20 8.31 8.44 8.57
L.S.D.g s T=0.12 =0.09 TxW= 0.6 T=0.14 Ww=0.11 TxW=0.71
Acid %

Control 1.46 1.36 1.29 1.23 1.18 1.30 1.54 1.45 1.38 1.29 1.23 1.38
Proline (S) 0.4% 1.50 1.42 1.38 1.30 1.24 1.37 1.60 1.54 1.47 1.40 1.35 1.47
Proline (S) 0.8% 1.54 1.45 1.39 1.34 1.28 1.40 1.66 1.58 1.51 1.44 1.39 1.52
Proline (S) 1.2% 1.56 1.48 1.41 1.36 1.30 1.42 1.70 1.64 1.58 1.50 1.45 1.57
Proline (D) 0.4% 1.46 1.38 1.32 1.28 1.22 1.33 1.54 1.49 1.42 1.32 1.28 1.41
Proline (D) 0.8% 1.46 1.39 1.34 1.29 1.24 1.34 1.54 1.51 1.44 1.35 1.30 1.43
Proline (D) 1.2% 1.46 1.41 1.36 1.32 1.26 1.36 1.54 1.53 1.45 1.37 1.34 1.45

Means 1.49 1.41 1.36 1.30 1.25 ° 1.59 1.53 1.46 1.38 1.33

L.S.D.g o T=10.02 W=0.014 TxW=10.10 T=0.03 =0.02 TxW=0.18

V.C. (mg/ 100 ml juice)
Control 43.18 | 39.19 | 3298 | 26.13 | 24.03 | 33.09 /] 44.25 | 40.00 | 33.11 | 27.15 | 24.55 | 33.81

Proline (S) 0.4% 50.51 | 43.96 | 36.01 | 30.90 | 26.95 | 37.67 || 52.77 | 49.18 | 42.30 | 36.56 | 33.90 | 42.94
Proline (S) 0.8% 4833 | 42.95 | 3591 | 32.90 | 27.93 | 37.60 || 50.89 | 46.55 | 40.11 ; 34.25 | 34.00 | 41.16
Proline (S) 1.2% 4769 | 4280 | 3460 | 31.00 | 28.06 | 36.83 || 50.15 | 4591 | 40.35 | 35.00 | 34.81 | 41.24
Proline (D) 0.4% 43.18 | 41.05 | 3345 ) 31.89 | 2398 | 3471 §1 4425 | 41.01 | 3492 | 28.21 | 26,01 | 34.88
Proline (D) 0.8% 43.18 | 41.35 | 3392 | 3223 | 2418 | 34.97 |1 44.25 | 42.11 | 35.00 | 29.10 | 27.00 | 35.49
Proline (D) 1.2% 43.18 | 41.36 | 33.97 | 32.39 | 2442 | 35.06 |} 44.25 | 42.6] | 3540 | 29.58 | 27.43 | 35.85
Means 4561 | 41.81 | 34.40 | 31.06 | 25.65 47.26 | 4391 | 37.31 | 31.39 | 29.67
L.S.D.g s T=0.05 W=0.037 TxW=0.26 T=0.07 W=0.04 TxW=0.38

Sy "aunosd J) suogpausnio)) 3 spoypi maofiid JO pold



Table (7): Effect of proline treatments on fruit weight loss and unmarketable fruits percentage of Banzahir limes and Marsh grapefruit during cold storage

in 2004 and 2005 seasons

Sto riod (weeks)
2004 2005 ‘
. Treatments 0 | 6 | 1 | mean][ 06 [ 6 | 12 [ mean)l 6 | 6 | 12 [mean|l © | 6 | 12 | mean
Banzshir limes Marsh grapefruit Banzahir limes “ Marsh grapefruit
. W ¢ loss %

Control 0.00 | 1450 | 1870 | 11.07 J] 000 | 13.11 | 17.92 | 1034 ]| 000 | 1340 | 1903 | 1081 | 000 | 1270 [ 17.5 ]| 1007
Prolise (S) 0.4% 0.00 6.00 9.93 531 0.00 541 9.13 4.87 0.00 591 10.00 530 || 0.00 6.18 N1 532
Proline (S) 0.8% 0.00 5.96 8.16 4.71 0.00 4.91 5.19 437 0.00 6.13 8.50 4.88 0.00 7.00 10.11 5.70
Proline (S) 1.2% 0.00 4.98 6.92 39 0.00 414 8.00 4.05 0.00 5.04 7.06 4.03 0.00 6.13 9.06 5.06
Proline (D) 0.4% 0.00 7.80 1227 6.69 0.00 7.19 12.30 6.50 0.00 8.11 12.66 6.92 0.00 9.13 13.40 751
Proline (D) 0.8% 0.00 700 10.95 5.98 0.00 6.91 10.72 5.88 0.00 6.94 11.13 6.02 0.00 .13 12.08 6.39
Proline (D)1.2% 000 | 691 | 1015 | 569 000 | 600 | 983 | 528 ]| 0.00 70 | 1101 | 604 J 000 | 698 | 1193 | 630

Means 000 | 759 | 1101 000 | 681 | 1044 000 | 752 | 114 . 000 | 789 | 1197

=173 [ w=07s [ Txw=si6{f T1=150 | w066 [ Txw=as T=180 | W= [Txw=saajf T=191 | w=02 | TxW=575
Unmarketable fruits % j

Control 0.00 200 40.10 20.0 0.00 250 4200 | .33 " 0.00 30.01 48.11 26.07 0.00 25.00 4760 | 2420
Proline (S) 0.4% 0.00 7.01 11.13 6.05 0.00 6.90 11.00 | 597 0.00 7.18 13.19 679 || 0.00 821 14.05 742
Proline (S) 0.8% 0.00 6.71 9.15 529 000 ] 713 | 100 5.7 0.00 7.12 10.01 571 0.00 8.11 10.18 6.10
Proline (S) 1.2% 0.00 4.9 8.2 4.63 0.00 5.14 9.01 47 0.00 5.14 9.13 4.76 0.00 6.02 920 5.07
Proline (D) 0.4% 0.00 7.18 15.30 749 0.00 800 | 1611 8.06 0.00 8.10 16.11 8.07 0.00 7.11 15.40 7.50
Proline (D)0.8% | 000 | 688 | 1400 | 69 0.00 717 | 1460 | 726 || 0.00 918 | 1506 | 808 |t 000 | 677 | 1412 | 6%
Proline (D)1.2% 000 | 611 | 1220 | 6.10 0.00 741 | 1391 | 71 0.00 741 [ 1410 | 717 || 000 | 600 | 1311 | 637

Means 000 | 841 | 1583 0.00 954 | 1666 000 | 1059 | 17.% 0.00 960 | 1767

T=2.10 wW=094 | TxW=633 || T=218 w=097 | Txw=660 || T=225 W=116 | TxW=679 || T=2.20 W=09 | TxW=68
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