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ABSTRACT

Popularity of pomegranate fruit has increased in recent years because
of its health benefit content, economic value and medicinal
characteristics. Since pomegranate fruit is perishable species,
prolonging storage life, keeping fruit quality during storage and
marketing period with minimum quality and quantity loss after
harvest are essential. Influence of salicylic acid treatments on some
quality properties in ‘Hicaznar’ cultivar fruit were investigated in the
current study. After harvest at commercial maturity, fruit were
exposed to salicylic acid (SA) treatments. Controls (C1) were
untreated. The other groups were dipped into a solution containing

Tween 20+4 mM SA (SA2). Then fruit were stored at 51 °C
temperature, 85-90% relative humidity for 120 days. Changes in fruit
skin and aril color, soluble solids content, titratable acidity, weight
loss and chilling injury rate total phenolic content, antioxidant
activity were followed at 60 days intervals. Neither SA1 nor SA2
affected total phenolic content and antioxidant activity levels of fruit.
But, both treatments helped to maintain C* values in arils and skin,
titratable acidity and soluble solids content. Since SA2 treatment
significantly reduced chilling injury symptoms during cold storage
period of 120 days, it could be considered as promising postharvest
technology.

0.01% Tween 20 (C2), 0.01% Tween 20+2 mM SA (SA1), and 0.01%
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1. Introduction

Pomegranate (Punica granatum L.) has been a traditional fruit cultivated for many years. Recent studies revealed the
positive effects of pomegranate fruit on human health, especially because of its high antioxidant activity (Wang et al
2018). Itis also rich in sugar, pectin, vitamin C, amino acids, mineral substances, fiber and phenolic compounds (Aviram
et al 2000). Because of these properties, it has been considered as one of the functional foods in the world in recent years.

Pomegranate fruit have a non-climacteric respiration pattern (Kader 2006). Even if they have long storage period at
the proper temperature, chilling injury, fungal decay and weight loss which are major limiting factors for long storage
period, can cause fruit losses at an important rates. Chilling injury rates and low temperature sensitivity during cold
storage mostly depend on cultivar. According to Kader et al (1984), ‘Wonderful” cultivar fruit show chilling injury when
it is stored at temperature lower than 5 °C for longer periods and a storage temperature of 7 °C is recommended. Koksal
(1989) reported that ‘Gok Bahge’ cultivar retained its quality for 3 months when it was stored at 5 °C. ‘Hicaznar’ fruit
can be stored under cold storage conditions for 4 months (Candir et al 2018) and under controlled atmospheric conditions
for 5 months (Koyuncu et al 2019) at 6 °C temperature.
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Besides storage temperature, modified atmosphere packaging (Selcuk & Erkan 2015), chitosan coating (Candir et al
2018), putrescine, salicylic acid (Koyuncu et al 2019), heat (Mirdehghan et al 2007), oxalic acid (Sayyari et al 2010) and
methyl jasmonate (Sayyari et al 2011) treatments were used to reduce physiological disorders and extend storage period
in pomegranate fruit of different cultivars. The effect of these treatments mostly depended on concentration of treatment
material, cultivar and storage temperature.

Salicylic acid (SA) is a naturally synthesized phenolic compound effecting plant growth and development (Shaarawi
et al 2016). Raskin (1992) recognizes it as a plant hormone. It is considered as ‘Generally Recognized As Safe’ (GRAS)
(Sayyari et al 2009). Due to its positive effects on plant stress tolerance, SA might increase fruit resistance to stress
conditions such as low temperature, inappropriate atmospheric conditions etc. after harvest (Asghari & Aghdam 2010;
Sayyari et al 2017). Sayyari et al (2009; 2017) mentioned that this compound had a significant effect on preventing
chilling injury symptoms such as aril and skin browning, on reducing ascorbic acid loss in fruit of ‘Malas Saveh’ and
‘Mollar de Elche’ pomegranate cultivars. Wang et al (2006) reported that SA treatments decreased chilling injury
symptoms in peach fruit. Srivastava & Dwivedi (2000) for banana fruit and Zhang et al (2003) for kiwifruit revealed that
SA maintained flesh firmness by retarding ethylene production. According to Chan & Tian (2006), it reduced the fungal
decays in sweet cherry.

‘Hicaznar’ is the most famous pomegranate cultivar in Turkey with its sour-sweet taste and attractive dark red skin
color. It can be stored up to late March at 6 °C temperature. There are few information concerning the effect of SA
treatment on some fruit quality characteristics of ‘Hicaznar’ pomegranate cultivar during regular air cold storage
conditions. It has been known that ecology has an important effect on fruit quality and keeping quality during postharvest
period and storage. There are not any data on storage potential of pomegranates grown in Mersin province of Turkey. In
the current research, effect of SA treatments at various concentrations on some fruit quality parameters in fruit of
‘Hicaznar’ cultivar grown in Mersin-Tarsus area was investigated during cold storage period of 120 days.

2. Material and Methods
2.1. Fruit samples

‘Hicaznar’ pomegranate fruit were harvested from commercial orchard in Mersin-Tarsus (36°55'57"N 34°51'45"E),
Turkey at commercial harvest maturity. Immediately after harvest, fruit were transported to Ankara University Faculty of
Agriculture Department of Horticulture Postharvest Physiology Laboratory by a cooled truck.

2.2. SA treatments and storage conditions

After selecting uniform fruit in respect of free from disease and pests, and mechanical damages, they were divided into 4
groups. Control (C1) group were stored without any treatment. The other groups were dipped into a solution containing
0.01% Tween 20 (Merck 9005-64-5) (C2), 0.01% Tween 20+2 mM SA (Merck 69-72-7) (SA1), 0.01% Tween 20+4 mM
SA (SA2) for 10 min at 20 °C, respectively. After allowing them to naturally dry under laboratory conditions, they were
stored in air at 5+1 °C temperature and 85-90% relative humidity for 120 days. A storage temperature of 5 °C was selected
in order to observe whether effect of different SA concentrations especially on chilling injury rate. Changes in some fruit
quality parameters mentioned below were determined at two months intervals during storage period.

2.3. Assessments

Skin color was measured at three different points on equatorial surface of fruit. Aril color was determined at three points
after cutting fruit from equatorial part with a colorimeter (CR-200 Minolta, Japan). Data were presented as hue (4°),
chroma (C*) and L* (McGuire 1992).

Soluble solids content (SSC) was read by a digital abbe refractometer (Leica 10480, Germany) in fruit juices obtained
after squeezing and filtering of arils with a Whatman filter paper.

After joining pomegranate juice of 3 mL with 50 mL distilled water, solution was titrated with 0.1 N NaOH (Merck,
106462) until pH= 8.1 with an automatic titrator (Mettler Toledo DL 50 Graphix, USA) for titratable acidity (TA)
measurements and the results were expressed as citric acid%.
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For weight loss determinations, same fruit at all analysis dates were weighed with a scale (Mettler Toledo, USA) and
this parameter was presented as percentage in respect of initial weight.

Chilling injury (CI) symptoms in fruit such as skin browning and pitting, aril and membrane browning were
individually evaluated by naked eye. Fruit showing injury symptoms were rated to the total fruit number. The results were
presented as percentage.

For the extraction of total phenolic content (TPC), arils of 5 g was taken from each replicate and homogenized with
10 mL acetone (80%) (Merck, 100014) containing 0.2% formic acid (Merck, 100264) for 2 min at 13500 rpm in a
homogenizer (Janke & Kunkel, Ultraturrax 725). Then extracts were centrifuged (Sigma 3K30) at 14 000 rpm for 20 min
at 0 °C. This process was performed 2 times as in Selcuk & Erkan (2015). Total phenolic content was determined
according to the method of Spanos & Wrolstad (1990) with slight modifications. A hundred pL extract, 900 puL. double
deionized water and 5 mL diluted Folin-Ciocalteu reagent (Sigma, F-9252) were vortexed in a 10 mL test tube after
incubating at room temperature for 3 min. After adding of 4 mL saturated sodium carbonate (75 g L) (Merck, 106392)
and keeping it under room temperature for 90 min, the absorbance value of final mixture were read by a spectrophotometer
(Shimadzu) at 765 nm wavelength. The results were expressed as mg of gallic acid equivalent per 100 g of fresh weight
(mg GAE 100 g* fw).

The antioxidant activity was determined according to Benvenuti et al (2004) and Sanchez-Moreno et al (1999) with
some modifications. A six hundred pL 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sigma, D9132) solution was added in 5
test tubes and 20, 40, 60, 80 and 100 uL of diluted pomegranate juice were added to these tubes, respectively. They were
completed to 6 mL with methanol (Sigma, 34860) and throughly mixed with vortex. Then they were incubated for 15 min
in the dark. Absorbance values at 517 nm of these solutions were determined via spectrophotometer (Shimadzu). The %
inhibition values corresponding to each sample volume were calculated and after plotting them against sample volumes,
the curve was drawn for each sample by linear regression analysis. Using the regression equation and dilution factor, ECso
(efficient concentration) values were calculated. This value refers to the concentration of the antioxidant substance that
inhibits 50% of the DPPH radical. The lowest ECso value means highest antioxidant activity (Olugbami et al 2015).

2.4. Statistical analysis

This study was set according to completely randomized experimental design with 4 replications and randomly selected 4
fruit were included in each replication. Analysis of Variance (ANOVA) was performed on the data by Minitab software
(MINITAB 17 Inc., trial version) at P<0.05 error level. Means were compared by Tukey’s test by MSTAT-C (Michigan
State University, MI, USA) software and differences among means at P<0.05 error level were marked with letters. ArcSin
transformations were applied to data of weight loss and chilling injury rate which were calculated as percentage.

3. Results and Discussion
3.1. Skin and aril color

Like other fruit species, fruit skin color is accepted as the most attractive property in pomegranate fruit, as well. In this
experiment fruit skin L* and /° values mostly changed by the storage period (P=0.000) (Table 1). After a storage period
of 120 days, the lowest L* (44.77) and 4° (28.22°) values were measured on the fruit skin. Similar trend were also observed
in skin C* values and compared to the harvest time (47.62), the lowest C* (42.41) value were determined at the end of
storage period. Similar changes in these parameters were also reported by Selcuk & Erkan (2015) and Koyuncu et al
(2019) for the fruit of the same cultivar. In the current study, significant effect of postharvest salicylic acid treatments
was considerable for only skin C* values (Table 1). It was observed that SA2 treatment included fruit having the highest
C* values (P<0.05) (Table 2). As generally known that C* values present saturation level of a color and the higher C*
values refers the better saturated and the more attractive color. Similarly, Koyuncu et al (2019) determined higher C*
values in SA treated fruit compared to the controls. But the same researchers also mentioned that putrescine treatments
were more successful to maintain higher C* values in fruit of ‘Hicaznar’ cultivar than salicylic acid at the end of the
controlled atmosphere storage of 6 months.
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Table 1- Results of variance analyzes

Factors
Assessments

Sp? T! SP x T!
Skin L* 0.000***2  0.151 ns® 0.625 ns
Skin C* 0.000*** 0.010** 0.365 ns
Skin A° 0.000%*** 0.706 ns 0.991 ns
Aril L* 0.016* 0.066 ns 0.428 ns
Aril C* 0.000*** 0.007** 0.331ns
Aril i° 0.000*** 0.431ns 0.892 ns
SSC (%) 0.000*** 0.000%*** 0.000%***
TA (citric acid %) 0.000*** 0.003** 0.059 ns
Weight loss (% and angle) 0.000*** 0.000*** 0.001***
Chilling injury (% and angle) 0.000*** 0.000*** 0.000***
Total phenolics content (mg GAE 100 g fw)  0.000*** 0.956 ns 0.996 ns
Antioxidant activity (mL g DPPH) 0.000*** 0.516 ns 0.337 ns

ISP, storage period (0", 60", 120" days); T, treatments (C1, C2, SA1, SA2); SP x T, Storage period x treatments interactions; 2*, P<0.05; **, P<0.01;
*** P<0,001; 3ns, non-significant

L*, h° and C* values of arils decreased depending on storage periods (P<0.05) (Table 1) and the lowest values were
determined at the end of the storage period (Table 2). Similar results have been previously reported for ‘Hicaznar’ cultivar
(Selcuk & Erkan 2015; Candir et al 2018; Koyuncu et al 2019). On the other hand, treatments were significantly affected
these data in our study (P=0.000) (Table 1). Fruit in C1 group had lowest aril C* values than the others. Within C2, SA1
and SA2 groups which had similar values, fruit treated with SA2 (22.83) showed significantly higher values (Table 2).
On the other hand, Vatanparast et al (2012) did not find significant effect of SA treatment on C* values of arils in ‘Malas
Yazdi’ pomegranate cultivar. This result could show that the effect of salicylic acid treatments on aril color may be
depended on cultivar and/or ecology characteristics during fruit growth.

Table 2- The effect of storage period (SP) and treatments (Ts) on skin and aril color in ‘Hicaznar’ pomegranate fruit

Factors As_sessments _ _ i

Skin L* Skin C* Skin h° Aril L* Aril C* Aril h°
SP
0 53.46+0.48 al 47.62+0.19 al 33.74+0.74 al 26.74+0.26 al 24.49+0.36 al 24.51+0.40 at
60 46.65+0.62 b 44.00+0.51 b 28.57+0.55b 27.2940.49 a 21.54+0.38 b 19.50+0.73 a
120 44.774+0.69 ¢ 42.414+0.58 ¢ 28.224+0.54 b 25.06+0.80 b 20.52+0.37 ¢ 19.95+0.47 b
Ts
Cl 47.33+£1.52 44.67+0.84 b2 29.70+1.17 25.06+0.49 21.03+0.86 b2 21.07+0.95
C2 49.06+1.19 43.70+0.89 b 30.81+0.90 27.02+0.63 22.15+£0.59 a 22.26+1.03
SAl 47.63+1.33 44.29+0.75 b 29.77+1.08 27.27+0.26 22.72+0.48 a 21.21+0.80
SA2 49.16+1.14 46.06+0.72 a 30.42+0.99 26.11+1.05 22.83+0.51 a 20.76+0.88
SPxTs
0xC1 53.46+1.08 47.62+0.44 33.74+1.65 26.74+0.59 24.49+0.80 24.51+0.91
0xC2 53.46+1.08 47.62+0.44 33.74+1.65 26.74+0.59 24.49+0.80 24.51+0.91
0xSAl 53.46£1.08 47.62+0.44 33.74+1.65 26.74+0.59 24.49+0.80 24.51+£0.91
0 x SA2 53.46+1.08 47.62+0.44 33.74+1.65 26.74+0.59 24.49+0.80 24.51+0.91
60 xC1 45.98+1.62 44.16+0.96 27.74+1.41 25.24+0.24 19.82+0.84 18.75+1.67
60 x C2 47.96+0.78 42.58+0.47 29.40+0.91 28.69+1.40 21.47+0.40 21.53+£2.21
60 x SA1 45.3840.80 43.3440.30 27.95+1.30 27.78+0.31 22.484+0.26 19.2240.70
60 X SA2 47.28+1.56 45.93+1.39 29.194+0.99 27.48+0.72 22.394+0.63 18.524+0.76
120x C1 42.55+1.01 42.25+1.32 27.64+1.47 23.22+0.40 18.794+0.80 19.9440.54
120 x C2 45.75+1.85 40.89+0.50 29.294+1.08 25.65+0.71 20.49+0.45 20.74+1.84
120 x SA1 44.05+0.70 41.90+0.36 27.62+0.76 27.30+0.34 21.20+0.14 19.89+0.55
120 x SA2 46.73£1.16 44.62+1.45 28.33£1.21 24.09+3.00 21.60+0.60 19.25+0.37

1 Letters represent the differences between average values belonging each storage period at P<0.05 error level; 2 Letters represent the differences between
average values belonging each treatment at P<0.05 error level
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3.2. Soluble solids content

Storage period and salicylic acid treatments interactively affected SSC of fruit (P=0.000) (Table 1). This parameter tended
to decrease by cold storage period and reached lowest values at the end of storage period (120" day) in all treatments.
Similar results were reported in air-stored ‘Mollar’ and CA-stored ‘Hicaznar’ fruit (Artes et al 1998; Koyuncu et al 2019).
Fruit in SA1 (17.15%) and SA2 (17.15%) groups showed significantly highest SSC on the 120™ day of storage period
(Table 3). It means that these treatments helped to keep SSC level in fruit during 120 days. However in some other studies
with ‘Malas Saveh’ and ‘Shishe-kab’ cultivars, SA treatments were not effective on SSC of fruit (Sayyari et al 2009;
Moradinezhad & Khayyat 2014).

3.3. Titratable acidity content

TA is one of the major quality characteristics of pomegranate fruit and citric acid is the dominant organic acid in fruit of
‘Hicaznar’ cultivar (Selcuk & Erkan 2015). In the current study, significant losses in TA levels were observed during
storage period, and the lowest mean value was measured at the end of storage period in fruit of ‘Hicaznar’ cultivar
(P<0.05) (Table 1 and 3). According to Selcuk & Erkan (2015), decrease in TA during storage period of pomegranate
fruit resulted from fruit respiration because organic acids are mostly consumed components throughout respiration
pathway. Our results are in accordance with those obtained by Shaarawi et al (2016) in fruit of “Wonderful’. In the current
study, SAL and SA2 treatments were effective on keeping TA content of fruit during cold storage period of 120 days
(Table 3). Koyuncu et al (2019) stated that SA treatment is effective for maintaining the TA level in fruit of ‘Hicaznar’
cultivar during controlled atmosphere storage of 6 months. However, Sayyari et al (2009) mentioned opposite results in
fruit of ‘Malas Saveh’ cultivar during cold storage.

3.4. Weight loss

Weight loss in pomegranate fruit during storage is mostly due to the fact that a high porosity of the fruit skin (Elyatem &
Kader 1984). In our study, storage period and salicylic acid treatments interactively effected weight loss in fruit of
‘Hicaznar’ (P= 0.000) (Table 1). In all groups, this parameter increased through storage period and significantly highest
values were determined at the end of cold storage period of 120 days compared to the harvest time. At the end of the 120™"
day, while fruit in C1 (4.55%) and SA1 (4.21%) had higher weight loss values, fruit in C2 (2.70%) and SA2 (3.59%)
groups showed lower weight loss levels (Table 3). It seems that SA2 also helped to prevent weight loss in fruit compared
to untreated fruit (C1). Similar finding was reported by Koyuncu et al (2019). According to the researchers, 2 mM SA
treatment decreased weight loss at a rate of 2.76% in fruit of ‘Hicaznar’ cultivar during controlled atmosphere storage of
6 months. On the other hand, Moradinezhad & Khayyat (2014) reported that 2 mM SA treatment did not have a significant
effect on weight loss levels of ‘Shishe-Kab’ fruit during cold storage period. This can be resulted from differences in fruit
skin structure with regard to porosity in different cultivars.

3.5. Chilling injury

It is conversant that chilling injury (CI) in pomegranate fruit is defined by membrane breakdown resulting in loss of tissue
completeness companied by skin browning (Sayyari et al 2017). In fruit of different pomegranate cultivars, such as
‘Wonderful’ or ‘Malas Saveh’, CI symptoms like browning of skin, arils and membrane were observed, when they were
stored at temperatures lower than 5 or 6 °C depending on the cultivars (Defilippi et al 2006; Sayyari et al 2009). In our
study, the significant effect of storage periods x treatments interactions on CI was determined (P= 0.000) (Table 1) and
Cl was firstly observed at the end of the cold storage period (Table 3). In control groups (C1 and C2, 62.50%), more than
half of the fruit showed CI symptoms and fruit loss was the highest in these groups. Fruit in SA2 group were more resistant
to the storage temperature and had the lowest Cl rate as 12.50%. It seems that 4 mM SA treatment helped to improve fruit
tolerance to low temperature. Similarly, in some studies (Moradinezhad & Khayyat 2014; Sayyari et al 2011 and 2017),
it was indicated that postharvest SA treatments reduced CI in fruit of ‘Shishe-kab’ and ‘Mollar’ cultivars. Koyuncu et al
(2019) observed any CI symptoms in SA-treated ‘Hicaznar’ fruit during controlled atmosphere storage of 6 months
because they stored fruit at 6 °C and this temperature was 1 °C higher than our storage temperature. Current results
showed once more the importance of storage temperature in pomegranate fruit and lower temperature of 1 °C could
increase fruit loss because of CI.
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Table 3- The effect of storage period (SP) and treatments (Ts) on some quality assessments in ‘Hicaznar’ pomegranate
fruit

Assessments
Factors SSCt TA? wL? cit TPC! AAL
(%) (citric acid %) (%) (%) (mg GAE 100 gY) (mL g DPPH)

SP (days)

0 17.50+0.00 1.96+0.00 a2 0.00£0.00 0.00+0.00 230.5141.25¢2  55.61+0.59 c2

60 17.44+0.01 1.69+0.00 b 1.97+0.17 0.00+0.00 260.78+1.27 a 59.84+1.33 b

120 17.01+0.04 1.49+0.00 ¢ 3.76+0.23 42.19+6.34 250.22+1.35b 68.68+1.80 a

Ts

C1 17.24+0.09 1.69+0.05 ¢ 2.344+0.66 20.83+9.15 246.554+3.95 61.05+1.61

c2 17.28+0.08 1.71+0.06 bc 1.294+0.40 20.83+9.15 247.03+£3.99 62.76+2.73

SA1l 17.36+0.04 1.74+0.05 a 2.204+0.61 10.42+4.82 247.8443.94 62.06+2.53

SA2 17.38+0.04 1.72+0.05 ab 1.79+0.52 4.17+2.81 247.25+4.38 59.65+1.89

SPxTs
0.00£0.00 0.00£0.00

4

0xC1 17.50£0.00 a, a*  1.92+0.00 (0.00£0.00° ¢, 2  (0.00£0.00)5b, a8 230284251 55.40+0.37
0.00+0.00 0.00£0.00

0xC2 17.50+0.00 a,a  1.92+0.00 (0.00£0.00) .2 (0.00:0.00) ba 230954365 55.73+1.42
0.00+0.00 0.00£0.00

0 x SA1 17.50+0.00 a,a  1.92+0.00 (0.00£0.00) .2 (0.00:0.00) ba 231574150 55.92+0.89
0.00£0.00 0.00£0.00

0 X SA2 17.50+0.00 a,a  1.92+0.00 (0.00£0.00) c.a  (0.0040.00) b, a 229.23+2.87 55.40+2.01
2.48+0.16 0.00+0.00

60 x C1 17.40+0.04 b,a  1.69+0.01 (9.05£0.29) b, a (0.00£0.00) b, a 260.53+0.86 61.37+0.65
1.18+0.20 0.00£0.00

60 x C2 17.4540.02 a,a  1.66+0.01 (6.1950.56) b.c  (0.00:0.00) ba 200324355 58.98+3.45
4.55+0.19 62.50+7.22

120x C1 16.8240.02 ¢, ¢ 1.47+0.00 (12314025) 0.0 (52.50404.33) a0 248:85%3.09 66.3842.79
2.70+0.24 62.50+7.22

120 x C2 16.90+0.04 b,b  1.48+0.00 (9.440.45) a, ¢ (52.50+4.33) a, a 249.82+1.17 73.57+£2.80
4.21+0.23 31.25+6.25

120X SAL  17.1540.02b,a  1.52+0.02 (18303 a.a (337503 75)a b 251252295 71.2542.87

120xSA2  17.1760.02b,a  1.51£0.02 3.590.32 12.50+7.22 250954395  63.534.48

(10.90+0.48) a, b

(15.00£8.66) a, ¢

1SSC, Soluble solids content; TA, Titratable acidity; WL, Weight loss; ClI, Chilling Injury; TPC, Total phenolic content; AA, Antioxidant activity; ? Letters
represent the differences between average values belonging each storage period at P<0.05 error level; ® Letters represent the differences between average
values belonging each treatment at P<0.05 error level; * The first letters represent the differences between storage periods for each treatment and the second
letters represent the differences between treatments for each storage period at P<0.05 error level; ° Arcsin transformation values of percentage data

3.6. Total phenolic content and antioxidant activity

TPC and AA are responsible for the most part of health benefits in pomegranate arils. So, maintaining of these parameters
during postharvest period is important for not only consumers but also retailers. In the current study, it was revealed that
the major effective factor on keeping of these parameters after harvest was storage period and none of postharvest salicylic
acid treatments showed significant effect on these parameters (P= 0.000) (Table 1 and 3). Our results are in agreement
with Sayyari et al (2011) in ‘Mollar de Elche’ cultivar and Koyuncu et al (2019) who mentioned no differences among
controls and SA-treated ‘Hicaznar’ fruit in respect of total phenolic content. In contrast, Dokhanieh et al (2016) stated
that 250 uM SA treatment delayed decrease in total phenolics during storage period in ‘Malase Yazd’ fresh cut
pomegranates. In the current study, either TPC or AA content in fruit increased during storage period and generally, the
higher values were determined at the end of the whole storage period when compared to harvest time. It is known that
increase in phenolic compounds of fruit during cold storage was arisen from different stress conditions (Selcuk & Erkan
2015). It can be said that low temperature at 5 °C, as a stress condition; caused increase in these two parameters at the
end of storage period. Similar results were obtained in pomegranate cultivars such as ‘Hicaznar’ (Selcuk & Erkan 2015;
Candir et al 2018; Koyuncu et al 2019), ‘Wonderful’ (Arendse et al 2014), ‘Malase Saveh’ (Babalar et al 2018). However,
the effect of stress conditions on TPC could change based on cultivars. Thus, significant reductions in TPC were
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determined in some studies during whole cold storage period in ‘Mollar de Elche’ (Sayyari et al 2011; Sayyari et al 2017),
and ‘Malase Yazd’ (Dokhaineh et al 2016) cultivars.

4. Conclusions

This study highlights effects of SA treatments at different concentrations on some postharvest quality parameters, TPC
and AA in fruit of ‘Hicaznar’ pomegranate cultivar during cold storage period. SA treatments helped to maintain C*
values in arils and skin, TA and SSC content, and especially 4 mM concentration reduced Cl symptoms during cold
storage period of 120 days. Conversely, this treatment has not been effective on TPC and AA. Overall, 0.01% Tween
20+4 mM SA dipping for 10 min at 20 °C could be a promising treatment for fruit of ‘Hicaznar’ cultivar grown in Mersin-
Tarsus region in respect of keeping most of quality parameters.
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