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ABSTRACT

Limitations on the use of postharvest chemicaleHed the use of physical treatments such as htrwr@atments

or its use with low doses of synthetic fungicidesently. In this study, the effects of “&6hot water dip for 60
seconds, determined by pre-experiments, ImazaliD (Bpm) widely used in packaging houses againsgaiun
diseases and the combination of hot water+imazalithe quality parameters of Star Ruby grapefstitred at 8

°C and 85-90% relative humidity for 5 months wertetained. As a result of the experiments, hot wdteazalil
treatments and Imazalil treatments better maintditiee number of deteriorated fruits without change®ther
quality parameters compared to control and hot wateatments hence have been determined as suitable
treatments for practical use.
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INTRODUCTION

Fruits and vegetables contain carbohydrates, preteirganic acids, vitamins and minerals that ascbelements
for human nutrition. citrus fruits are important fouman health since they are rich in vitamin Ciicaaidants,
flavonoids[1].

Total citrus fruit production in Turkey is 2.912M@nes [2]. In terms of production, orange isfilg among other
citrus fruits with a production quantity of 1.250@0tones followed by mandarin with 715.000 tonesdn with a

guantity of 600.000 tones and grapefruit with 340.@ones. When the export of citrus fruits are aared, lemon
is in the first place with 359.000 tones followeg handarin in the second place with 249.000 tooemge in the
third place with 179.000 tones and grapefruit vatiquantity of 100.000 tones. It can be estimated 35.90% of
grapefruit production and 34.82% of mandarin praiducis exported by comparing the ratio of exparantity to

production. Fruit losses are 20-25% on averageewdiporting these two important fruit species [3jese losses
can be reduced by postharvest fungicide and diffgyeeparations.

As a consequence of the increases in use of simttfemicals against physiological, pathogen asddhdamage
that are harmful for human health, the urge foepiphysical or synthetic treatments to preventdHesses have
arisen [4, 5, 6]. Efforts on the generation aneasé of a fungicide effective at low doses and femsnto human
health is quite time consuming and includes sevetiegds that require big investments. Thereforaistufor the

development of an effective method against phygiokd deteriorations and pathogen hazards by redutie use
of chemicals have been initiated extensively résylin big advances. Among these advances, the impstrtant

ones are hot water treatments, combined with diffebiological treatments, combination of hot wated chemical
treatments that gained importance and widespreadddtheir practical value [7,8].

Citrus fruits have a big potential in the Meditarean region. Particularly for the production afgfruit that have
an important place in the export of citrus fruitsk@rova basin is an important grapefruit produtiethis study, the
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effects of fungicide widely used in packaging hadet water treatments, combination of hot watetr law dose
and normal dose fungicides on the quality parammedérStar Ruby grapefruit cultivar grown extensyvél the
region during storage were determined.

EXPERIMENTAL SECTION

As experimental material, Star Ruby grapefruit igalt grafted on citrus rootstock was obtained fruma fruit
orchards of Cukurova University Faculty of Agrieukt Research and Training Station. Hot water treatrand its
duration were determined by pre-experiments andfgtenum combination for Star Ruby grapefruit waarfd as
56 °C hot water dip for 60 seconds. In this experim&hControl, 2) 500 ppm Imazalil dip, 3) Hot watkp (56°C,
60 seconds), 4) Hot water (85 60 seconds)+Imazalil (500 ppm) treatments weeelu500 ppnimzalil dip was
applied in a tank of 50 | capacity. Hot water difldot water+Imazalil combination was applied iwater bath of
which its temperature was adjusted automaticalty withermometer. After treatments, fruits weredind placed
in plastic fruit cases and were taken to storagens Star Ruby grapefruit cultivar was stored &€ &nd 85-90%
relative humidity for 5 months. The experiments eveonducted as 3 replicates and 10 fruits per a&tgliand
quality parameters were investigated periodicallfriit samples once every month during storage.

At the beginning of storage period, fruits were enmed individually, initial fruit weight were detaimed. Weight
loss was calculated as the percentage of initidt freight on numbered fruits weighed during anialy®uring
storage period, fruit juice was extracted fromtfisamples taken once every month using an elekfrigia juicer
and each time after quantifying the residual weiflgtextracting the residual weight from the ifitigeight, juice
yield ratio was calculated as the percentage afeeftiit weight.

Titratable acidity of fruit samples were calculatesl citric acid with a pH metre using 0.1 N NaOHusons. In
fruit juice samples extracted using a fruit juicestal soluble solids were determined by a handactbmeter
(Atago, Japan). Vitamin C content (L-Ascorbic Acicntent was calculated with spectrophotometer If®]the
experiments, Shimadzu UV-1208 spectrophotometer used. Amount of decayed fruits was calculated as
percentage by taking the proportion of the numlielecayed fruits to the total number of fruits ach replicate.

The experiment was conducted according to factalésign, the statistical analysis of data werequeréd using
COSTAT statistical programme. Average values ofdtwrces of variation that found significant acaogdo F test
were compared by Tukey test.

RESULTS AND DISCUSSION

Investigations on the effects of different treattseon fruit weight loss in Star Ruby grapefruittowdr revealed
that, fruit weight loss increased at longer storafjeight loss calculated as 1.77 % at the beginofrgtorage was
found as 6.69% on average towards the end of stopagiod. The highest mean weight loss was ideqdtifn

control fruits as 4.53% and the least mean weigss in Imazalil (fungicide) as 4.10% (Table 1). @heiloss is
dependent on fruit maturity, fruit size, fruit skétructure, storage conditions during storage tiesuin different

amounts of weight loss [10]. It is reported thaacfures on thin wax layer covering fruit surfacenied during
harvest or postharvest are restored as a reshibtofvater treatments [11]. In relation with thisjs reported that
after hot water treatments and its combination \uthgicides, fruit weight loss was less compareddntrol fruits

during storage [12, 13].

Table 1. Mean Weight Loss (%) in Star Ruby Grapefrit During Storage Upon Different Treatments

Treatments 1 Storz;ge Pegod (I\/I40nths)5 Mean of treatmen
Control 1.90| 3.40 4.71 558 7.04 453 a
Hot water 1.720 3.21 4.38 5.29 6.74 4.27b
Imazalil 1.75| 3.06 4.23 5.00 6.36 410b
Hot water+Imazalil 1.72 3.05 4.26 5.62 6.64 4.25b
Mean of Storage Period.l'77 3.171 4.39 5.39) 6.69

e d c b a

Storage Period Rs: 0.24 Treatment s 0.21
Changes in fruit juice yield of Star Ruby grapefiatltivar stored after different treatments aresgnted in Table 2.

Fruit juice yield calculated as 50.04 % at the bagjig of storage period was found as 51.88% aétiteof storage
period. Comparing the treatments, the highest maae yield was 52.47% in control, while the lowestan juice
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yield was 48.92% in hot water treatments. Imazalill Hot water+Imazalil combination was in the m&dbimilar
results were obtained in several other studiesifierdnt citrus species [8, 13, 14, 15]. Severatdes such as

climate, growing conditions, cultivar, the orchaahditions etc are reported to have an influencditfarences in
juice yield [13].

Table 2. Fruit Juice Yield (%) in Star Ruby Grapefruit During Storage Upon Different Treatments

Treatment 0 15 toragezPer|od3(Monthj) 5 Mean of treatment
Control 50.04| 52.76 51.98 52.36 54.p1 5350 52.47 a
Hot water 50.04 49.29 48.31 48.08 48/71 49.09 48.92
Imazalil 50.04| 52.33 48.81l 52.87 52.56 52|91 53859
Hot water+Imazalil 50.04 46.27 50.18 52.p04 51[17.057 50.29 bc
Mean of Storage Period 50.04 50.16 4982 51.34 651%1.88

Storage Period Bs: N.S. Treatment §; 1.71

In terms of changes in titratable acidity, theialiimean value calculated as 2.39 g citric acid/f@Cfruit juice
decreased during storage and calculated as 1.&vigaxid/100 ml fruit juice at the end of 5th mthnWhile the
highest mean titratable acidity was obtained fraoh Wwater treatment, the lowest mean value was édafrom
Imazalil treatment (Table 3). Metabolic activityntmues in fruits after harvest. In particular,fiesh fruits and

vegetables, sugar and organic acids are used d@spdgation to maintain continuity of physiolodiéanctions [16,
17].

Investigation on changes in total soluble solidstent in Star Ruby grapefruit cultivar during stggashowed that
total soluble solids content decreased at longeage (Table 4). While mean total soluble solidstent was found
as 11.26% at the beginning of storage period, wasd as 9.96% at the end of storage period. Diffsgse among
treatments revealed that the lowest mean totabiolsolids content was in control calculated a22% whereas
the highest mean total soluble solids content vedcutated as 11.01% in hot water treatments. Ssudiport that,
hot water treatments do not have an impact on sutlible solids content however, some decreasesot@yr in
total soluble solids content due to the extendethge period [18, 19]. It is believed that sligiffedences among
treatments do not have an important influence factical use and such differences may occur wherage values
related with fruit maturity are considered.

Table 3. Changes in Mean Titratable Acidity (%)in Sta Ruby Grapefruit During Storage Upon Different Treatments

Treatment 0 SioragezPenoi(MonTs 5 Mean of treatmen
Control 239 208 192 180 1.79 1.1 1.95b
Hot water 239 224 216 194 1.90 1,83 2.07 a
Imazalil 2.39| 197 2.01 1.79 1.74 1.%58 191b
Hot water+Imazalil 239 215 194 176 1.6 1|58 93
Mean of Storage Period2'39 2.11(2.00| 1.82| 1.80| 1.67

a b C d d e

Storage Period Rs: 0.05 Treatment s 0.04

Table 4. Changes in Mean Total Soluble Solids Comnie(%) in Star Ruby Grapefruit During Storage Upon
Different Treatments

Storage Period (Months)

Treatment 0 1 > 3 2 5 Mean of Treatmen
Control 11.26| 10.33 10.13 10.00 10.13 9.p6 10.22 b
Hot water 11.2 11.20 11.06 11.33 10/93 10.26 14.01
Imazalil 11.26] 10.00 10.73 9.86 10.20 9.Y73 10.30 b
Hot water+Imazalil 11.26 11.6Dp 10.86 10.80 10(86 .20( 10.93 a

. 1,11.26| 10.73| 10.70| 10.50| 10.53| 9.96
Mean of Storage Period
a b b b b C

Storage Period Rs: 0.30 Treatment s 0.24
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Citrus fruits have health promoting properties tlubigh levels of vitamin C content (L-Ascorbic dciParticularly
in winter, they are preferred for their antioxid@nvperties and ability to promote human defenseesy. Therefore,
it is very important to assess changes in vitamicoGtent among other fruit quality parameters dustorage. In
Star Ruby grapefruit cultivar, although slight chas were observed upon extended storage, it wasgl fthat
vitamin C content was well maintained at the endtofage period (Table 5). Considering the effectdifferent

treatments on vitamin C content, the lowest megamin C content was 53.96 mg Ascorbic acid/100mit fuice

in Hot water+Imazalil treatments and the highesametamin C content was found as 55.25 mg Ascaabid/100
ml fruit juice in Imazalil treatment at the endstbrage period. It is known that vitamin C cont@nAscorbic acid)
decreases or maintains the initial value duringerdéd storage period in postharvest storage afscftuits [20].

Several factors pre harvest or postharvest arertexpto be effective on both vitamin C and the pit@mponents
and owing to this fact, these changes may be infle@ during storage [21, 22].

Table 5. Changes in Mean Vitamin C Content (L-Asadic acid) (mg Ascorbic acid/100 ml fruit juic) in Star
Ruby Grapefruit During Storage Upon Different Treatments

Treatment 0 ?toragezPenod gMoth‘)l 5 Mean of Treatment
Control 55,53 | 56.25 55.89 56.05 53.30 55|20 55.37
Hot water 55.53| 52.88 54.26 52.Y4 52]13 56.67 54.01
Imazalil 55,53 | 57.3Q0 54.54 5546 5526 53|40 55.25
Hot water+Imazalil 55.53| 52.31 53.92 54.85 51(21 .935 53.96
Mean of Storage Period  55.53 6?4.67 54.65| 54.77| 52.97| 55.28

ab ab ab b a

Storage Period R51.97 Treatment R N.S.

Although physiological or fungal decays were nosafted at the first 4 months of storage, decayeitisfivere

observed in control and hot water groups at the afrstorage. Comparing the treatments, the highestunt of

losses was in control calculated as 2.66% followgdhot water treatment calculated as 2.00% and afitaz
treatment calculated as 0.66% (Table 6). It is slaéed that decreases in the number of decayets$ fupion hot

water treatment is associated with decreases ihogah population by hot water treatments in pathdgest

relation [4, 12]. This effect is clearly observedie present study.

Table 6. Changes in Mean Physiological and FungBleteriorations (%) in Star Ruby Grapefruit During
Storage Upon Different Treatments

Treatment 1 Storzage Pe3r|0d (I\gonths)s Mean per Treatment
Control 0.00] 0.00 0.00 0.00 13.33 2.66
Hot water 0.00 0.00 0.0p 0.00 10.00 2.00
Imazalil 0.00/ 0.0 0.00 0.0p 3.38 0.66
Hot water+Imazalil | 0.00 0.00 0.00 0.00 0.00 0.00
. 1.0.00| 0.00| 0.00| 0.00| 6.66
Mean Storage Periogd b b b b a

Storage Period R5:1.46 Treatment R 1.31
CONCLUSION

The findings of the current research suggested difgrent treatments changed fruit quality pararetin Star
Ruby grapefruit cultivar at the end of 5 monthgage period, however, this change was not impofampractical
use and Imazalil and Hot water+Imazalil treatmemése more effective than control and hot watertineats in
terms of physiological and fungal originated frigisses. In the light of these evidence, it wasrddteed that, Hot
water+Imazalil treatment can be effective for sperdnouses and at the end of this treatment, grafsefran be
stored for 5 months at®®, 85-90% relative humidity successfully.
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