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HE EFFECTS of postharvest antioxidant solutions on

quality of ‘Valencia’ orange fruits under cold storage were
studied. Fruits were soaked for 10 minutes in a solution of distilled
water (control), salicylic acid (SA) 2 mM, ascorbic acid (AsA) 12
mM, citric acid CA 20 mM, and their combinations. Fruits treated
with these applications alone or in combination antioxidant solutions
especially 2 mM SA plus 12 mM AsA or 20 mM CA alleviated
chilling injury index symptoms, reduced fruit weight loss percentage
and decay incidence as well as increased the marketable percentage as
compared to untreated fruits. Moreover, these treatments decreased
loss of firmness, hue angle, lightness values and juice content of fruits.
Furthermore, these applications reduced the activities of polyphenol
oxidase (PPO) and pectinase (PE) enzymes beside enhanced the
activity of peroxidase (POX) enzyme. In addition, orange fruits
treated with antioxidant solutions especially 2 mM SA in combination
with 12 mM AsA had the highest fruit contents of titratable acidity
(TA) and ascorbic acid (AsA) and had least soluble solids content
(SSC) and SSC/TA ratio than control during cold storage at 5°C plus
one week shelf life at ambient temperature.

Keywords: Antioxidant, Salicylic, Ascorbic, Citric, Orange, Chilling
injury, Fruit quality.

Citrus is the most economically and nutritionally important fruit crops in Egypt
and other Mediterranean countries. Various citrus importing countries require
quarantine security against Mediterranean fruit fly (Medfly) and fruit must be
Medfly free. Cold quarantine treatments, which involve the exposure of fruit to
near freezing temperatures (1.1-2.2°C) for a period of 14-18 days (Powell, 2003)
is a procedure accepted for Medfly disinfestations of citrus fruit by the
regulatory agencies of the most importing citrus countries. Storage of citrus
fruits below specific temperature leads to chilling injury (Lafuente & Zacarias,
2006). Citrus fruit is known for its susceptibility to peel disorders at storage
temperature below 10°C (Ben-Yehoshua et al., 2001). Chilling injury can be
result from oxidative stress caused by reactive oxygen species (ROS), when it
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appears that super oxide, hydrogen peroxide and hydroxyl radical increased from
scavenging capacity of tissues (Evans et al., 2005). ROS are highly reactive
because they can interact with a number of cellular molecules and metabolites,
thereby leading to a number of destructive processes causing cellular damage
(Allen et al., 1997). Plant resistance to different stresses is mostly expressed by an
increase in protective enzymes such as peroxidases and catalases. POX activity is
expressed when plant tissue is subjected to stresses such as low temperature or
pathogen infection (Yao & Tian, 2005 and Xu & Tian, 2008). The activity of
peroxidase (POX) has also been thought to be related to the prevention of chilling
damage, as they also use hydrogen peroxide (El-hilali et al., 2003). The increase in
resistance of plants that had become acclimatized to low temperature was
correlated with increased POX activity (Chongchatuporn et al., 2013 and Liu et al.,
2014).

Antioxidants play an important role in protecting fruits from the oxidative
damage inflicted by ROS, thus assuring quality and extending produce shelf life
(Hodges, 2003). They are considering protecting tissue against ROS (Hodges, et
al., 2004). Ascorbic acid (AsA) is a major water-soluble antioxidant in plants and
it is one of the most abundant plant antioxidants. Moreover, AsA is one of the
most powerful antioxidants (Smirnoff, 2000). AsA maintained the cell plasma
membranes structure, less oxidative reactions accumulations and effectively
controlled the enzymatic browning and cell death of fruits (Linster & Clarke,
2008). The application of exogenous organic acids such as citric acid and
salicylic acid has been found to affect fruit quality and induce stress tolerance
(Huang et al., 2008 and Shoor, 2010). These organic acids mainly function in
maintaining the ability to inhibit O,” accumulation, delaying hydrogen peroxide
decrease and enhancing antioxidant enzyme activities with an increase in the
expression of senescence related proteins or defense proteins to keeps the fruit in
good quality during storage (Huang et al., 2008; Ding et al., 2009 and Tareen et
al., 2012a, b).

Salicylic acid (SA) is a natural and safe simple phenolic compound, exhibits
a high potential in controlling postharvest losses of horticultural crops (Asghari
& Aghdam, 2010). SA is also a signaling molecule, which induces biosynthesis
of defense compounds such as poly phenols and pathogenesis related proteins
(Delaney et al., 1994 and Yao & Tian, 2005). Moreover, SA involved in
activation of the stress induced antioxidant system when plants are exposed to
stress (Huang et al., 2008 and Xu & Tian, 2008). SA treatment could be used to
reduce deterioration and chilling injury symptoms in some fruits (Sayyari et al.,
2009 and Yang et al., 2012). Postharvest soaking in AsA controlled the chilling
injury symptoms in mango fruits (Lo’ay, 2010 and Samaan et al., 2011) and
‘Eureka’ lemon fruits (Abd El-khalek, 2012 and El-Abbasy et al., 2013) during
cold storage. In addition, immersing pineapple fruits in 5 mM SA reduced the
internal browning incidence (Lu et al., 2011). Moreover, postharvest application
with SA at 2mM concentration was highly effective in reducing chilling injury
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incidence and decay of cold stored pomegranate fruits at 2°C for three months
(Sayyari et al., 2009 and Sayvari et al., 2011).

In this study, we aimed to examine the effects of postharvest treatments with
antioxidant of salicylic acid, ascorbic acid and citric acid solutions separately or
in combinations on the induction of cold tolerance and maintaining quality of
‘Valencia’ orange fruits during cold storage at 5°C plus one week at ambient
temperature (18-23°C) as marketing period.

Materials and Methods

The present study was carried out during two successive seasons 2014 and
2015 on “Valencia’ orange fruits. Commercially mature fruits were picked
randomly from a private orchard at EI-Behera Governorate, Egypt. ‘Valencia’
orange trees were about 23 years old, grafted on “‘Volkamariana’ rootstock and
planted at 5x5 meters, irrigated by drip system and subjected to all ideal
agricultural practices. The fruits were picked from almost similar trees,
apparently uniform in size and free of visible symptoms of infection. After that,
fruits were transported to postharvest laboratory at Horticulture Research
Institute, Agriculture Research Center, Giza governorate. Once arrival to the
laboratory, orange fruits were thoroughly cleaned with tap water to remove dirt
and held for 24 hr at room temperature. After that, the fruits were sorted based
on uniformity in size, colour and freedom from defects.

Fruits were randomly divided into seven treatments, each treatment included
108 fruits (6 storage periods x 3 replication x 6 fruits). The fruits were soaked for
ten minutes in the following treatments: distilled water, used as the control,
salicylic acid (SA) at 2 mM, ascorbic acid (AsA) at 12 mM, citric acid (CA) at
20 mM, SA at 2 mM + AsA at 12 mM, SA at 2 mM + CA at 20 mM and AsA at
12 mM + CA at 20 mM. Tween-80 at 0.05% (v/v) was added in each solution to
improve wettability and adherence to oranges surface. After soaking treatments,
all fruits were dried by electric fans for one hour and then packaged in perforated
polyethylene bags. Each treatment was packaged in carton boxes and each box
consist of 12 fruits. Then all treatments stored at 5+1°C and 85-90% relative
humidity (RH) for 15 weeks. Fruit physical and chemical characteristics were
determined at harvest time and at 3 weeks intervals of cold storage period plus
one week at ambient temperature 18-23°C and 50-65% RH as a shelf life period
to simulate a marketing period. While, the activities of peroxidase (POX),
polyphenol oxidase (PPO) and pectinase (PE) enzymes were determined at 0, 3,
9 and 15 weeks of cold storage period followed by one week shelf life at ambient
temperature.

Measurements of fruit physical and chemical characteristics

Weight loss percentage was calculated by the following equation [(initial
fruit weight - fruit weight at examination date) / (initial fruit weight)] x 100.
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Chilling injury index (CI): The visible symptoms of chilling injury on fruits
were measured on five fruits at three replicates per treatment. Peel disorders
were evaluated based on following hedonic scale 0= no injury, 1= light injury
(less than 5% of peel area affected), 2= moderate injury (6-25% of peel area
affected), 3= severe injury (26-50% of peel area affected) and 4= very severe
injury (more than 50% of peel area affected). The ClI was calculated according to
the following formula: ClI = Y (number of fruit with chilling x score of severity) /
total number of fruit assessed.

Decayed fruit percentage was determined as follow [(number of decayed
fruits at examination date) / (initial number of fruits)] x100.

Marketable fruit percentage was calculated by the following formula [(sound
fruits at examination date) / (initial fruit weight)] x100.

Fruit colour was measured using a Minolta CR-400 Chroma Meter (Minolta
Co. Itd. Osaka, Japan). The measurements of skin colour and gloss were
expressed in chromaticity values of hue angle (h°) and lightness (L),
respectively. Three readings were taken at different locations of each orange fruit
during each data observation (McGuire, 1992 and Voss, 1992).

Fruit firmness of the peel was assessed by using Ifra texture analyzer
instrument. The force required to penetrate 1 cm inside the fruit using a needle
probe diameter of 5 mm was measured. The machine was set with peak mode
and speed of 0.3 mm/sec. Readings were recorded on the two opposite sides of
the orange fruit and the results were expressed as the resistance force to the
penetrating tester in units of pressure g/cm? (Watkins & Harman, 1981).

Fruit juice content was measured by squeezing six fruits for each treatment
represent three replicates and then juice percentage was calculated (w/w).

Fruit juice content of ascorbic acid (AsA) was determined according to
method of adopting the procedure described by AOAC (1990) and was
calculated as mg/100 ml juice.

Fruit juice soluble solids content (SSC) was determined by hand
refractometer, 0-32 scale (ATAGO N-1g, Japan) and expressed in °Brix after
making the temperature correction at 20°C according to AOAC (1990).

Fruit juice content of titratable acidity (TA) was measured by titration as
mentioned by AOAC (1990) and was calculated as grams of citric acid/100 ml
juice.

Fruit juice SSC/TA ratio was calculated from the values recorded for fruit
juice SSC and TA percentages determined.
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Enzyme activities

0.5 gram of fresh orange peel was homogenized by using a mortar and pestle
with 0.1 M buffer of phosphate at 4°C (pH=6.5) and stirred for 20 minutes. The
suspension obtained was filtered through one piece of muslin cloth and
afterwards centrifuged at 18,000xg for 15 minutes, 4°C. Polyphenol oxidase
(PPO) enzyme was measured as mentioned by Fernandez et al. (2011), while
peroxidase (POX) and pectinase (PE) enzymes were determined according to
Horwitz et al. (1975). The activities of these enzymes were expressed as units
per gram fresh weight (U g™ fw).

Statistical analysis

This experiment was arranged in a completely randomized design having
three replications (Steel et al., 1997) and consisting of two factors (antioxidant
treatments and storage periods). This experiment was analysis as factorial. Data
calculated as percentage were transformed to arcsine of square root before
statistical analysis and non-transformed means are shown. The effects of
antioxidant treatments and cold storage periods on different characteristics were
analyzed statistically by analysis of variance (ANOVA) using the MSTAT-C
statistical package (M-STAT, 1993). Comparisons between means were done by
Duncan’s multiple range tests (DMRT) at probability < 0.05.

Results and Discussions

Effect of antioxidant applications of salicylic acid (SA), ascorbic acid (AsA) and citric
acid (CA) solutions on physical and chemical characteristics of “Valencia’ orange fruit
during cold storage

Fruit weight loss percentage, chilling injury index, decay incidence and
marketable fruit percentage

Data presented in Tables 1, 2, 3 and 4 clearly indicated that, weight loss,
chilling index and decayed fruit percentage increased while marketable fruit
percentage gradually and significantly decreased with prolonging of cold storage
period at 5°C followed by one week shelf life at 18-23°C in the two seasons.

Data also cleared that, all pre-storage treatments of antioxidant significantly
decreased weight loss percentage, chilling injury index and decay incidence with
an increase in marketable percentage of ‘Valencia’ orange fruits as compared to
untreated fruits (control) during storage in both seasons under this investigation.
Moreover, it is clear that, treatments of 2 mM of SA in combination with 12 mM
of AsA followed by 2 mM SA in combination with 20 mM citric acid of oranges
were more effective in decreasing loss in fruit weight and alleviating chilling
injury symptoms, reducing decay incidence and increasing marketable fruit
percentage than other treatments in both seasons.
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TABLE 1. Effect of antioxidant applications of salicylic acid (SA), ascorbic acid
(AsA) and citric acid (CA) solutions on weight loss percentage of
‘Valencia’ orange fruits during cold storage at 5°C followed by one week
at 18-23°C as marketing period

Antioxidant treatments Storage period (weeks)

0 3 6 9 12 15 Means

First Season (2014)
Distilled water (control) 2.76 qrs 6.55 i-0 825 d-j 10.67 ¢ 1452 b 18.48 a 10.20 A

2mM SA 1.96 rs 462 nq 697 gn 794 dl 837 cj 948 cf 656 BC
12 mM AsA 193 rs 472 m-q 7.00 gn 820 dj 919 c-g 1028 cde 683 B
20 mM CA 190 rs 479 mq 7.09 fm 811 d 918 cg 1033 cd 690 B

2mMMSA+12mMAsA 111 s 396 pgr 443 opg 552 |-p 630 jp 7.82 fI 48 D
2mMMSA+20mMCA 133 s 409 pgr 559 k-p 666 ho 7.89 el 893 ci 575 C
12mM AsA+20mM CA 1.84 rs 433 opgy 655 i-0 751 fl 798 d-k 903 ch 620 BC
Means 183 A 472 B 655 C 780 D 906 E 10.62 F

Second Season (2015)

Distilled water (control) 3.28 r-v 645 jp 956 d-i 1270 ¢ 1538 b 1798 a 10.89 A
2mM SA 258 tuv 529 m-s 6.14 kq 814 fl 923 d-i 1032 def 695 BC
12 mM AsA 241 tuv 533 m-s 636 j-q 814 fl 946 d-i 1073 cde 7.07 BC
20 mM CA 310 s-v 572 I-q 641 jp 936 d-i 1003 d-g 1134 cd 766 B

2mMMSA+12mMAsA 148 v 391 gu 461 pt 590 I-q 650 jp 739 hn 496 E
2mMSA+20mMCA 184 uv 467 ot 566 I+ 674 jp 769 gm 868 ej 588 D
12mM AsA+20mM CA 246 tuv 509 ns 593 I 7.16 i-0 856 ek 965 dh 647 CD
Means 245 A 521 B 6.38 C 831 D 955 E 1087 F

Means followed by the same letters within antioxidant treatments, storage periods and their
interactions in each season are not significantly different at level P <0.05 according to DMRT.

TABLE 2. Effect of antioxidant applications of salicylic acid (SA), ascorbic acid
(AsA) and citric acid (CA) solutions on chilling injury index of ‘Valencia’
orange fruits during cold storage at 5°C followed by one week at 18-23°C
as marketing period

Storage period (weeks)

Antioxi
ntioxidant treatments 0 3 6 9 12 15 Means

First Season (2014)

Distilled water (control) 0.00 f 0.73 def 1.03 def 237 bc 310 ab 387 a 187 A
2mM SA 000 f 000 f 000 f 060 def 090 def 1.03 def 043 BCD
12 mM AsA 000 f 000 f 000 f 090 def 120 def 147 cde 0.60 BC
20 mM CA 000 f 000 f 030 ef 1.03 def 133 cde 163 cd 070 B

2 mM SA + 12 mM AsA 000 f 000 f 000 f 000 f 000 f 043 def 007 D
2mM SA +20 mM CA 000 f 000 f 000 f 000 f 030 ef 060 def 013 CD
12mMAsA+20mMCA 000 f 000 f 000 f 043 def 060 def 0.90 def 033 BCD
Means 000 C 010 C 020 C 077 B 107 AB 143 A

Second Season (2015)

Distilled water (control) 000 g 090 d-g 147 de 280 bc 340 ab 413 a 213 A
2mM SA 000 g 000 g 000 g 013 fg 060 efg 120 def 033 BC
12 mM AsA 000 g 000 g 000 g 030 fg 073 efg 147 de 043 BC
20 mM CA 000 g 000 g 000 g 043 efg 1.03 d-g 193 cd 057 B

2 mM SA + 12 mM AsA 000 g 000 g 000 g 000 g 000 g 060 efg 010 C
2mM SA +20 mM CA 000 g 000 g 000 g 000 g 000 g 073 efg 013 C
12mMAsA+20mMCA 000 g 000 g 000 g 013 fg 043 efg 1.03 dg 027 BC
Means 000 D 013 D 020 CD 057 BC 090 B 160 A

Means followed by the same letters within antioxidant treatments, storage periods and their
interactions in each season are not significantly different at level P <0.05 according to DMRT.
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TABLE 3. Effect of antioxidant applications of salicylic acid (SA), ascorbic acid
(AsA) and citric acid (CA) solutions on decay percentage of ‘Valencia’
orange fruits during cold storage at 5°C followed by one week at 18-23°C
as marketing period

Storage period (weeks)
0 3 6 9 12 15 Means
First Season (2014)
Distilled water (control) 0.00 d 880 a-d 11.32 a-d 14.48 abc 17.14 ab 2091 a 1211 A

Antioxidant treatments

2mM SA 0.00 d 000d 000 d 539 bed 758 ad 9.04 ad 367 BC
12 mM AsA 0.00 d 000d 472 bed 826 ad 1042 ad 1199 ad 590 BC
20 mM CA 0.00 d 311 bed 557 bed 938 a-d 1170 a-d 1277 ad 7.09 B

2mMSA+12mM AsA  0.00 d 000d 000 d 0.00 d 299 cd 367 bed 111 C
2mM SA +20 mM CA 0.00 d 000d 000 d 0.00 d 396 bed 548 bed 157 C
12mM AsA+20mM CA 0.00 d 000d 000 d 288 cd 492 bed 6.64 bcd 241 BC
Means 0.00C 170 BC 309 BC 577 AB 839 A 10.07 A

Second Season (2015)

Distilled water (control) 0.00 e 9.10 a-e 11.75 a-d 14.32 abc 17.37 ab 20.16 a 1212 A
2mM SA 000e 000e 000 e 469 cde 9.02 ae 1060 ae 405 BC
12 mM AsA 000e 000e 000 e 491 cde 954 ae 1132 ae 430 BC
20 mM CA 000e 000e 259 de 513 cde 103lae 1315 ad 519 B
2mMSA+12mMAsA 000e 000e 000 e 0.00 e 0.00 e 467 cde 078 C
2mM SA +20 mM CA 000e 000e 000 e 0.00 e 343 cde 601 be 157 BC

12mM AsA+20mM CA 0.00 e 0.00 e 0.00 e 385 cde 495 cde 7.05 b-e 264 BC
Means 0.00 D 130 CD 205 CD 470 BC 7.80 AB 1042 A

Means followed by the same letters within antioxidant treatments, storage periods and their
interactions in each season are not significantly different at level P <0.05 according to DMRT.

TABLE 4. Effect of antioxidant applications of salicylic acid (SA), ascorbic acid
(AsA) and citric acid (CA) solutions on marketable percentage of
‘Valencia’ orange fruits during cold storage at 5°C followed by one week
at 18-23°C as marketing period

Storage period (weeks)

Antioxi
ntioxidant treatments 0 3 5 9 3 s Means

First Season (2014)
Distilled water (control)  97.24 ab 84.65 a-e  73.77 ¢cf 6152 f 41.68 g 27279 6436 D

2mM SA 98.04 a 9538 a-d 93.03ad 86.67 a-d 84.05ae  74.82 b-f 88.67 ABC
12 mM AsA 98.07a 9529 a-d 8828 a-d 8354 af 7373 cf 6440 ef 8389 BC
20 mM CA 98.10 a 9211 a-d 87.34 a-d 8251 a-f 7246 def 63.56 ef 82.68 C

2mM SA+12mM AsA 9889 a 96.04 abc 9557 abc 94.48 a-d 90.71 a-d  88.50 a-d 94.03 A
2mMSA+20mM CA 9867 a 9591 abc 9441 ad 9334 ad 8816 ad 7892 af 9157 AB
12mM AsA+20mM CA 98.16 a  95.67 abc  93.45a-d 89.61 a-d 87.10 a-d  77.67 a-f 90.28 ABC
Means 98.17 A 9358 AB 8941 BC 8452C 76.84D 67.88 E

Second Season (2015)

Distilled water (control)  96.72 ab 84.45 a-e  72.02 ef 52.98 g 3391 h 21.85h 60.32 D

2mM SA 97.42 ab 94.71 ab 9386 ab  87.17 a-e 8l75ae 7241ef 87.89 BC
12 mM AsA 97.59 ab 94.67 ab 9364 ab  86.95 a-e 8100 b-e 64.61fg 86.41C
20 mM CA 96.90 ab 94.28 ab 91.00 abc  85.51 a-e 73.00 def 62.18 fg 83.81 C

2mMSA+12mM AsA 9852 a 96.09 ab 9539 ab 9410 ab  93.50 ab 87.94 a-e 94.26 A
2mMSA+20mM CA 98.16a 9533 ab 9434 ab 9326 ab 8888 ad 8531 ae 9255AB
12 mM AsA +20 mM CA 97.54 ab 94.91 ab 94.07 ab  88.99 a-d 86.49 a-e  76.63 c-f 89.77 ABC
Means 97.55 A 9349 AB  90.62 B 8414 C 7693 D 67.28 E

Means followed by the same letters within antioxidant treatments, storage periods and their
interactions in each season are not significantly different at level P <0.05 according to DMRT.
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The loss in weight of fresh fruits and vegetables is mainly due to the loss of
water caused by transpiration and respiration processes (Cohen et al., 1994 and
Medeira et al., 1999). In addition, SA and AsA treatments are contributing to the
detoxification of active oxygen (Ding et al., 2007 and Huang et al., 2008). In this
study, reducing decay percentage of ‘Valencia’ orange fruits with treated
antioxidant solutions could be attributed to the increase in activity of POX
enzyme and the decrease in activities of PPO and PE enzymes during cold
storage.

These results are in harmony with those mentioned by Zheng & Zhang
(2004) on ‘Ponkan’ mandarins and Abd El-khalek (2012) and El-Abbasy et al.
(2013) on ‘Eureka’ lemons. They reported that, SA and AsA applications
reduced fruit weight loss percentage than control. Moreover, these results are in
agreement with the outcomes of Sayyari et al. (2009) and Sayyari et al. (2011)
on pomegranates, Lo'ay (2010) and Samaan et al. (2011) on mangoes and Lu et
al. (2011) on ‘Winter’ pineapples. They mentioned that, SA and AsA treatments
alleviated the chilling injury symptoms of fruits in comparison to control.

In addition, our results in the peresent study are in agreement with the
outcome of Sayyari et al. (2009) on pomegranates, Lo'ay (2010) on mangoes,
Aghdam et al. (2011) on kiwifruits, Abd El-khalek (2012) and EIl-Abbasy et al.
(2013) on ‘Eureka’ lemons and Tareen et al. (2012a, b) on peaches. They
mentioned that, SA and AsA applications significantly lowered decay incedince
of the fruits as compared to untreated fruits.

Fruit firmness, gloss (lightness), colour (hue angle) and juice content

Skin colour development represented as hue angle value (greenish yellow,
around 75 and yellow, around 60) and gloss represented as lightness. Data
displayed in Figures 1 and 2 shown that, fruit firmness, lightness and juice
content gradually and significantly decreased with prolonging of cold storage
period at 5°C followed by one week shelf life at 18-23°C in the two seasons. On
the other side, data also indicated that, fruit colour represented as hue angle
significantly changed from greenish yellow to yellow at the end of storage period
in the two seasons in this work. Data also mentioned that, all postharvest
treatments of oranges significantly reduced the decreasing rate of fruit firmness,
hue angle, lightness and juice content during storage compared with untreated
fruits during the two seasons in this investigation.

Moreover, data cleared that, ‘Valencia’ orange fruits treated with 2 mM SA
in combination with 12 mM AsA followed by 2 mM SA in combination with 20
mM CA were superior in maintaining firmness, lightness and juice content as
well as delaying skin colour development as compared to the other treatments in
the two seasons in this work.

The loss of fruit firmness are associated with changes in cell wall mechanical
strength during storage (Valero & Serrano, 2010). Loss of fruit firmness starts
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with the conversion of insoluble protopectin into water soluble pectin by
breakdown of the middle lamellae, which is intimately related to hydrolytic
enzyme, so rigidity of cell walls was reduced and led to fruit softening (Pressey
& Avants, 1973). In addition, firmness of citrus fruit depends primarily on the
weight loss rate (Ben-Yehoshua et al., 1983).

A (B)
O First season @ Second season 73 O First season @ Second season

Firmness (g/cm?)
Lightness

Storage period (weeks) Storage period (weeks)
© (D)
O First season @ Second season

Hue angle
Juice (%)

Storage period (weeks) Storage period (weeks)

Figure 1. Effect of storage period on firmness (A), gloss represented as lightness (B),
colour represented as hue angle (C) and juice percentage (D) of “Valencia’
orange fruits during cold storage at 5°C followed by one week at 18-23°C as
marketing period.

Different letters indicate significant differences between storage periods according to
DMRT at P <0.05.

These results indicated that, ‘Valencia’ orange fruits treated with 2 mM SA
with 12 mM AsA treatment had less weight loss and high firmness. This is
because SA and AsA treatments could be inhibited the activity of hydrolytic
enzyme and reduced respiration rate as reported by Lo'ay, (2005) and Yao &
Tian (2005). Our result in this investigation were supported by the findings of
Aghdam et al. (2011) on Kiwifruit fruits, Samaan et al. (2011) on mangoes,
Sayyari et al. (2011) on pomegranates and Tareen et al. (2012a, b) on peaches.
They mentioned that, the immersing fruits in SA and AsA solution decresed loss
fruit firmness during cold storage. Meanwhile, these results are in line with the
findings of Delwiche & Baumgardner (1983). They reported that, water loss
from the surface of peach fruit caused decreased luminosity. Moreover, our
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results are in agreement with the outcomes of Lo'ay (2010) and Samaan et al.
(2011) on mangoes, Abd El-khalek (2012) and EIl-Abbasy et al. (2013) on
lemons and Tareen et al. (2012a, b) on peaches. They illustrated that, immersing
fruits in SA or AsA solution delayed colour development and maintained fruits
lightness during cold storage. In addition, our results are supported by the
findings of Abd El-khalek (2012) and El-Abbasy et al. (2013). They mentioned
that, juice content of lemon fruits increased by treated with AsA treatment as
compared to untreated fruits during cold storage period.

A (B)
OFirst season M Second season O First season M Second season

67 22 a

Firmness (g/cm?)
Lightness

o N
v N3
Antioxidant treatments
Antioxidant treatments
© (®)
0 First season M Second season OFirst season @ Second season

Hue angle
Juice (%)

- Antioxidant treatments
Antioxidant treatments

Figure 2. Effect of antioxidant applications of salicylic acid (SA), ascorbic acid (AsA)
and citric acid (CA) solutions on firmness (A), gloss represented as
lightness (B), colour represented as hue angle (C) and juice percentage (D)
of “Valencia’ orange fruits during cold storage at 5°C followed by one week
at 18-23°C as marketing period.

Different letters indicate significant differences between antioxidant treatments according
to DMRT at P <0.05.
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Fruit activities of peroxidase (POX), polyphenol oxidase (PPQO) and pectinase
(PE) enzymes

Our results in Figure 3 showed that, the activities of POX, PPO and PE
enzymes in the peel of ‘Valencia’ orange fruits gradually and significantly
increased with prolonging of cold storage period at 5°C followed by one week
shelf life at 18-23°C in both seasons in this study. An increase in activity of POX
enzyme was observed during exposure of intact plants to low temperature (Xu &
Tian, 2008; Chongchatuporn et al., 2013 and Liu et al., 2014). In this study,
antioxidant treatments were observed higher activity of POX enzyme than
untreated fruits. Fruit with chilling injury had an abnormality in the cell
membrane and caused the cell damage, which was a consequence of the
accumulation of PPO in the cell (Paull & Rohrbach, 1985).

In this experiment, the activities of POX and PPO enzymes were very low at
harvest date in fruits of all treatments. The application of antioxidant treatments
showed an increment in activity of POX enzyme and an decrease in activity of
PPO enzyme especially application of 2 mM SA in combination with 12 mM
AsA as compared to the untreated fruits (control) in the two seasons. The result
indicates that, the activities of POX and PPO enzymes might be determines the
higher tolerance to chilling injury in “Valencia’ orange fruits.

Moreover, the application of antioxidant treatments especially 2 mM SA in
combination with 12 mM AsA treatment may be helpful for minimizing the
utilization of antioxidants used for the scavenging of the free radicals.
Senescence or stress condition coincided with membrane damage in fruits
(Mayer, 1987). It was proposed that, the increase in the activity of POX enzyme
and the decrease in activity of PPO enzyme that are intimately related to the
lowest chilling injury were generally consequence of the system ability to delay
senescence of fruits during cold storage and ultimately increased marketable
fruits. Our results are in agreement with the findings of El-hilali et al. (2003) on
mandarins, Huang et al. (2008) on oranges and Ding et al. (2009) and Tareen et
al. (2012a, b) on peaches. They reported that, pre-storage treatment of SA
prolonged postharvest life of fruits and maintained beneficial antioxidant activity
as well as effectively lowered the activity of PPO enzyme at low storage
temperature.

Data also cleared that, the activity of PE enzyme significantly reduced by
immersed fruits in antioxidant solutions as compared to untreated fruits.
Moreover, it is clear that, immersed fruits in antioxidant solutions of 2 mM SA
in combination with 12 mM AsA followed by 2 mM SA in combination with 20
mM CA were significantly lowered the activity of PE enzyme and had slower
softening process in “Valencia’ orange fruits as compared to the other treatments
in the two seasons. In this study, SA and AsA could be inhibited cell wall
hydrolytic enzymes and reduced respiration rate as reported by Lo'ay (2005) on
mangoes and Yao & Tian (2005) on sweet cherry.
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3. Effect of storage period on activities of POX (A), PPO (C) and PE (E)
enzymes and effect of antioxidant applications of salicylic acid (SA),
ascorbic acid (AsA) and citric acid (CA) solutions on activities of POX (B),
PPO (D) and PE (F) enzymes of ‘Valencia’ orange fruits during cold
storage at 5°C followed by one week at 18-23°C as marketing period.

Different letters indicate significant differences between storage periods or antioxidant
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Fruit juice contents of ascorbic acid (AsA), soluble solids content (SSC),
titratable acidity (TA) and SSC/TA ratio

Data shown in Figures 4 and 5 clearly indicated that, SSC and SSC/TA ratio
gradually and significantly increased with prolonging of cold storage period at
5°C followed by one week shelf life at 18-23°C during the two seasons in this
work. On contrast, fruit content of TA and AsA gradually and significantly
decreased with the progress of cold storage period followed by shelf life during
the two seasons in this investigation.

A (B)

ASA (mg/100mi juice)
SSC (Brix)

Storage period (weeks) Storage period (weeks)

© (D)

TA @0
SSC/ TA ratio

Storage period (weeks)
Storage period (weeks)

Figure 4. Effect of storage period on AsA (A), SSC (B), TA (C), and SSC/TA ratio
(D) contents of “Valencia’ orange fruits during cold storage at 5°C followed
by one week at 18-23°C as marketing period.

Different letters indicate significant differences between storage periods according to
DMRT at P <0.05.

Data also indicated that, all postharvest treatments studied under this
investigation significantly decreased loss of fruit contents of AsA and TA as well
as delayed the increase of SSC and SSC/TA ratio as compared to untreated fruits
during cold storage all these characteristics. Moreover data cleared that,
postharvest treatments of 2 MM SA in combination with 12 mM AsA followed
by 2 mM SA in combination with 20 mM CA had the most positive effects in
this respect as compared to the other treatments in the two seasons in this work.

The decreasing rate of fruit juice content in TA might be due to the
degradation of citric acid during storage or their conversion into sugars and
further utilization in metabolic process in the fruit (Rathore et al., 2007).
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Therefore, the increase of AsA and TA by immersed ‘Valencia’ orange fruits in
antioxidant solutions especially 2 mM SA in combination with 12 mM AsA or
20 mM CA treatments could be attributed to the lowest degradation of citric acid
as compared to untreated fruits during cold storage period at 5°C followed by
one week at ambient temperature.

A (B)

AsA (mg/100ml juice)
SSC (*Brix)

Antioxidant treatments

Antioxidant treatments
© (®)
O First season ® Second season 0O First season m Second season

TA (%)
SSC/ TA ratio

Antioxidant treatments Antioxidant treatments

Figure 5. Effect of antioxidant applications of salicylic acid (SA), ascorbic acid (AsA)
and citric acid (CA) solutions on AsA (A), SSC (B), TA (C) and SSC/TA
ratio (D) contents of ‘Valencia’ orange fruits during cold storage at 5°C
followed by one week at 18-23°C as marketing period.

Different letters indicate significant differences between antioxidant treatments according
to DMRT at P <0.05.

These results are in agreement with the findings of Lu et al. (2011) on
pineapple fruits Samaan et al. (2011) on mangoes, Sayyari et al. (2011) on
pomegranates and Abd El-khalek (2012) and EI-Abbasy et al. (2013) on lemons,.
They postulated that, postharvest treatment of SA or AsA decreased loss of fruit
content in TA as compared to untreated fruits during storage period. In addition,
our results are in accordance with the findings of Aghdam et al. (2011) on
kiwifruits, Samaan et al. (2011) on mangoes and Abd El-khalek (2012) and El-
Abbasy et al. (2013) on lemons. They claimed that, treated fruits with SA or AsA
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significantly slowed the increase of fruit contents of SSC and SSC/TA ratio in
comparison to untreated fruits during cold storage. Similarly, antioxidant
applications of SA and AsA maintained fruit content of AsA as compared to
untreated fruits during storage period in lemons (Abd El-khalek, 2012 and El-
Abbasy et al., 2013), oranges (Huang et al., 2008) mangoes (Lo’ay, 2010 and
Samaan et al., 2011), kiwifruits (Aghdam et al., 2011), pineapple (Lu et al.,
2011) and pomegranates (Sayyari et al., 2009). Meanwhile, AsA content could
be negatively related to chilling injury symptoms (Paull & Chen, 2003).

In conclusion, antioxidant applications of SA, AsA, CA and their
combination of “Valencia’ orange fruits especially immersed fruits in especially
2 mM SA in combination with 12 mM AsA or 20 mM CA treatments alleviated
chilling injury, reduced weight loss, controlled decay incidence, increased
marketable fruit percentage and decreased loss of fruit firmness. Moreover, these
treatments reduced the activities of PPO and PE enzymes besides enhanced POX
enzyme activity and maintained the inner fruit quality under low temperature at
for up to 15 weeks followed by one week at room temperature (18-23°C).
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