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ABSTRACT 
 

Mango fruits have a high commercial income to being viewed as susceptible to chilling injury for 

the long storage duration. Fruits are stored at low temperatures many physiological changes that will 

demonstrate the side impacts of cold storage on fruits. The results are losing fruits and lower profits. The 

study aimed to find correlation between three fruit positions on the tree, i.e. sunny side (SUN; fruit 

exposed to the sun most of the day), shadow side (SHA; fruit grows on the shady side of trees), and inside 

the canopy (INS; fruit grows inside tree canopy), and cold storage stress (4 ± 1 °C and RH% 96%) for 35-

days during two growing seasons (2015-2016). Obviously: the harvested fruit from INS presented more 

tolerance to chilled temperature compared to other fruit locations for 35 days. Through the results obtained 

the harvested fruit from INS showed significantly the highest activities of ascorbate peroxidase (APX), 

peroxidase (POD), catalase (CAT), and superoxide dismutase (SOD) than other fruit locations.  Reflecting 

the lack of chilling injury symptoms on fruits, unlike other fruit positions. In addition, contents of O2
•- and 

H2O2 decreased in INS fruit throughout storage duration. Consequently, the cell membrane compositions 

were maintained, especially, low quantity in both malondialdehyde (MDA) and protein carbonyl group 

(PCG) throughout storage duration in days. These results pointed out that the fruit positions can be 

considered at harvesting for classifying of fruits before cold storage.  
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INTRODUCTION 
 

Mango is cultivated in numerous regions of the 

world, for example, Latin America (Brazil - Chile - 

Venezuela), Africa (Egypt and South Africa) and Asia 

(Philippines - Malaysia - India) (Yasunaga et al., 2018). 

Also, it is the favorite fruit for the consumer and of great 

economic incomes, which is exported to numerous regions 

of the world. Internationally, mango marketing has recently 

increased for two main reasons, one is the increase in the 

number of cultivated varieties worldwide especially the 

belt of tropical and sub-tropical. Additionally, another 

reason is the interest in farm management programs during 

the production phases (Sivakumar et al., 2011). 

Historically, the mango was planted initially in Egypt 

during the reign of Muhammad Ali Pasha since 1825. 

Currently, according to statistics by FAO, the harvested 

area constituted about 121,304 ha, which produces 

1,307,869 tons (FAO, 2018).  

However, environmental circumstances i.e. heat, 

and light were discussed their influences on the quality of 

fruits or vegetables at harvest, the study of these aspects of 

their behavior throughout storage or shelf-life are not clear 

in these respects (Moretti et al., 2010). One of the negative 

effects of high temperatures is to increase the rate of air 

temperature surrounded the fruits by which increase water 

vapor during the fruit development stages, which reduces 

the amount of crop or stimulates the fruit ripening process 

(Henson, 2008). Prolonged exposure to temperatures in the 

field induces too many natural and physiological changes 

of fruit tissue prior to harvest (Kays, 1997). It also 

influenced the hardness of the fruits in the effect on the 

activity of cell wall decomposition enzymes for example 

cellulase and polygalacturonase activities (Woolf et al., 

1999). These variations occur when the temperature rises 

more than 40 degrees Celsius with the development of 

symptoms such as sunburn, water core, and more rapid 

softening on pear fruit (Ferguson et al., 1994). One of the 

elements of light is the ultraviolet rays (UV), increasing the 

amount during fruit growth stages lead to the occurrence of 

biochemical modifications of fruit tissues such as a 

reduction in fruit firmness, increasing the characteristic 

color of the variety, and decreasing in levels of vitamin C 

and E. Additionally, increasing UV levels reduce the 

biosynthesis of pigments i.e. carotene and lycopene 

(Mditshwa et al., 2017). At high concentrations, UV also 

destroys DNA, protein (Prinsze et al., 1990), lipids 

(Kramer et al., 1991), and plasma cell membranes 

(Hollósy, 2002). Also, UV affects the capacity of 

photosynthetic pigment i.e. chlorophyll (Marwood and 

Greenberg, 1996), and Carotenoids (Pfündel et al., 1992). 

Mangoes are also categorized as tropical fruits, 

which mature or deteriorated very quickly after harvesting 

or during frequent trading (Barman and Asery, 2014). 

Therefore, the usage of the low temperature during storage 

mango reduces fruit losses and biological processes in 

fruits especially after harvesting. However, cold storage for 

a long time drives to gain of chilling injury incidence, 
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which reduces the value of fruit and quality during 

handling or trading (Nair and Singh, 2003). When mango 

stored blow temperature 13
o
C (Barman et al., 2014). 

Consequently, low-temperature forces metabolic changes 

by which causes changes in cell membranes structure 

under storage (Shewfelt and Del Rosario, 2000), Also 

minimizing in ethylene gas production and respiratory rates  

(Nair and Singh, 2009). Chilling injury symptoms (CI)  

appeared as a small patch on the surface of the fruit due to 

die the cells around the lentils. Afterward, it develops to 

combine to form large black spot areas of fruit skin 

(Mittler, 2002). Numerous investigations confirmed that CI 

generates the reactive oxygen species (ROS), which react 

indiscriminately with different molecules of the cell 

causing what is known as oxidative stress (Junmatonga et 

al., 2015). Some studies focused on alleviating CI by 

different treatments using organic acids such as oxalic acid 

at 20 mM (Peiyan et al., 2015), or applying methyl 

jasmonate and methyl salicylate (Wang, 2006). Using low-

temperature conditioning (Rodeo and Esguerra, 2013). 

The mango industry faces a problem when 

harvesting as producers often harvest mangoes once and at 

different ages. In addition to the weather conditions to 

previously listed, the developing fruits on trees are exposed 

to heat and ultra-violet radiation stress (UV) to varying 

degrees during day hours, which will decrease the activity 

of antioxidants throughout cold storage. Therefore, our 

opinion is the fruit locations influence its chill sensitivity 

during cold storage.  
 

MATERIALS AND METHODS 
 

1- Fruit materials and experimental setup 
Fruits of mangoes cv. Ewas were harvested in 

August 2015 and 2016 from trees 10-years old which 
planted at 8 × 10 meters in the sandy soil of commercial 
orchard. The biological differences experiments were 
performed on mango trees that cultivated in Sharkia 
province East Egypt (30.5765° N, 31.5041° E). The 
weather measurements were obtained in terms of average 
temperatures, the number of light hours and the intensity of 
radiation on the region according to the Egyptian 
Meteorological Authority (Figures 1, 2, and 3). 

 
Figure 1. draws the maximum, minimum, and the 

average temperature during two seasons 2015 

and 2016 

 
Figure 2. illustrates the average of sun hours and days 

during two seasons 2015 and 2016 

 
Figure 3. presents the average of UV index during two 

seasons 2015 and 2016 

 
 

The experiment aims to study the effect of the fruit 

locations on trees and its relation with chilling injury 

symptoms phenomenon under cold storage stress. It was 

carried out on 360 fruits were picked and selected from 

three various locations, which are Sunny (SUN), Shadow 

(SHA), and Inside (INS) of the tree on mango trees at half 

mature (the shoulder is at the same level as the stem end) 

fruit stage (Majeed and Jeffery, 2002). Fruits were split 

into two main batches only each contains 180 fruits. One 

batch for physical measurements and another for chemical 

assays. Both batches were distributed on three replicates. 

Fruits were stored at 4 ± 1
o
C and RH 96% ± 2 for 35 days. 

Whereas, it is known that the fruits were exposed during 

the summer months to high temperatures (36 – 38 ± 1
o
C)  

and very high UV radiation (UV index 8 on average).  

2- Chilling injury index  

A visible evaluation of outside injuries on fruit peel, 

such as pitting, water-soaked areas, and decay is often used 

to assess the CI (Chaplin et al., 1991). The scores of visual 

symptoms rating were classified into five levels: 1= no 

injuries, 2= light, 3= moderate, 4= severe, and 5= very 

severe injury. The CI-incidence was computed by the 

equation:  
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3- Antioxidant enzyme activities assays 

Fruit pulp samples (10 g) was picked and 

homogenized with 25 mL of ice-cold extraction buff er and 

0.5 g poly-vinyl-polypyrrolidone (PVPP) with a 

Kinematica tissue processor (Crl-6010, Kriens-LU, 

Switzerland). For Catalase (CAT) and Superoxide 

dismutase(SOD)examines, the extraction buff er was 50 

mmol L
-1
 sodium phosphate (pH 7.8). Then the 

supernatants were utilized presently for testing both CAT 

and SOD enzymes (Wang et al., 2005).  

For CAT measurement, the response mixture 

composed of 2.8 mL H2O2 (40 mM, in 50 mmol L
-1

 

sodium phosphate buffer, pH 7.0) and 0.2 mL enzyme 

extract. The decay of H2O2 (substrate) was estimated by 

the decrease in absorbance at 240 nm on 

spectrophotometer during the 120s. The activity was 

reported as Unit g
-1

 FW, where one unit of catalase equal 

the changes over one Mol of H2O2 per mass of fruit per 

min at 30°C 

For SOD activity assay, the response for the 

composite performed about 3 ml volume includes 65 mM 

sodium phosphate cradle (pH 7.8). The methionine 13 

mmol L
-1
, nitro-blue tetrazolium 75 µmol L

-1
 (NBT), plus 

10 µmol L
-1

 of EDTA, with 2 µmol L
-1 

riboflavin including 

to 0.1 ml of the enzyme extraction were finally combined. 

The combinations were lighted up by light (60 µmol m
-2
 s

-

1
) for 10 min and the absorbance was then determined at 

560 nm on the spectrophotometer. The reaction solution 

takes some moments to be cleared. The reaction was 

expressed as unit g
-1

 FW, where one unit was characterized 

as the measure of chemical that caused the 50% reductions 

of the SOD inhabitable NBT diminishment per mass every 

hour.  
Ascorbate peroxidase (APX) reaction was 

conducted on fruit pulp samples (Zhang et al., 2013). It 
identified as one unit of APX activity as the measure of 
catalyst that it oxidized 1 µmol ascorbate per min at 30°C. 
The change in enzyme activity was set as Unit g

-1
 FW.  

Peroxidase (POD) activity was measured at 30°C 
and concluded by monitoring the increase rate of 
absorbance at 398 and 460 nm. POD activity was 
represented as unit g

-1
FW, where one unit was displayed as 

an increased rate of the absorbency per mass of fruit 
samples per min (Tian et al., 2005). 

4- Lipid peroxidation, protein oxidation, cell 

membrane leakage, and ascorbic acid content 

Malondialdehyde (MDA) is a termination of lipid 

peroxidation. Exactly weighed 2.5 g of mango fruit for 

MDA extraction (Iturbe-Ormaetxe et al., 1998). The 

calibration curves were performed by using and measuring, 

1,3,3-tetraethyoxypropane (Sigma) in the range 0-2 mM 

(TBARS), which was equivalent to 0-1 mM MDA. 

Tetraethyoxypropane is stoichiometrically converted into 

MDA during the acid-heating step of the assay.   

Protein carbonyl group (PCG) assay as a terminal 

of protein oxidation was estimated (Levine et al., 1994). 

Precisely 2.5 g of mango samples weighed. 

Spectrophotometrically, the spectrum was measured 

against the complementary blank in case of cured (without 

sample) samples or against water in the case of purified 

proteins. The PCG of the protein was calculated from the 

absorbance of the dinitrophenylhydrazone estimated at 390 

nm which was assumed an extinction coefficient of 22000 

M
-1
 cm

-1
.   

Analyses of cell membrane leakage percentage 

were performed on five disk samples (7 mm diameter) 

from fruit tissues which were cut utilizing a stopper borer 

from five distinct parts of each fruit each 5-days intervals. 

The disks were washed three times with demineralized 

water and put in 10 mL of 0.4 M mannitol alcohol in 

demineralized water at 24
o
C for 3h (Hakim et al., 1999). 

The electrical conductivity of the sample was estimated 

utilizing a conductivity meter, after which the tissue tests 

were heated in a water bath at 100
o
C for 30 min. 

Thereafter, both fruit pulp samples were placed at room 

temperature to cool until measuring afterword. Then the 

conductivity was measured again to calculate the ion 

leakage percentage in fruit pulp. The permeability % was 

estimated by the formula following:  

 
The assessment of the ascorbic acid (AA) content 

of mango fruits was harvested from different locations on 

the tree. The AA measured utilizing the titrimetric method 

by 2,6-dichlorophenol indophenol reagent pigment and 6% 

oxalic acid as a substrate (A.O.A.C., 1995). 

5- O2
•-
, H2O2 production rates, and DPPH reduction 

Fruit pulp samples (1.0 g) were compounded with 3 

mL of chilly 50 mmol L
-1
 K3PO4 buff er (pH 7.8) including 

1% (w/v) poly-vinyl-pyrrolidone (PVP), afterward 

centrifuged at 8,000 rpm at 4°C for 20 min. The O2
•-
 

generation rate was dictated by watching the nitrite 

generation from hydroxylamine in the presence of O2
•-
 

(Yang et al., 2011). A standard bend including NO2 was 

utilized to calculate the O2
•-
 creation rate from the response 

condition of O2
•-
 with hydroxylamine. The O2

•-
 formulation 

rate was represented as a nmol min
−1

 g
−1

 FW.  

The assay of H2O2 was investigated (Xu et al., 

2012), fruit pulp samples (1.0 g) were added to 6 mL of 

100% C3H6O, then it was centrifuged at 8000 rpm for 20 

min at 4°C. The distinct supernatant (1 ml) was joined with 

0.1 mL of 5% Ti (SO4)2 in addition to 0.2 ml of a 

concentrated NH4OH arrangement. The titanium-peroxide 

complex reacted with the residue, which was added up into 

4 ml of 2M H2SO4 after centrifugation at 8000 rpm for 10 

min. The range was estimated at 415 nm. The H2O2 

content was processed from a standard bend arranged 

comparatively and showed as mmol g
−1

 FW. 

The DPPH reduction % was measured of the 

antioxidant activity of mango and the dismutation of 

radical activity, the method was performed. The outcomes 

of DPPH radicals were exhibited as a percentage. 

Consequently, samples were assessed on a 

spectrophotometer at wavelength absorbance (517nm). The 

quenching of the DPPH radical was calculated utilizing the 

formula according to the method (Yen and Chen, 1995). 

6- Statistical analysis 

Data of means from the experiments for evaluating 

the influence of fruit locations on the antioxidant activities 
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and chilling injury symptoms occurrence of ‘Ewas' mango 

fruits under cold storage stress. The statistical analysis of 

factorial design was applied. Means of all studied 

treatments were compared using Duncan’s Multiple Range 

Test at P ≤ 0.05 using the Co-Stat software package, 

Version 6.303 (789 lighthouse Ave PMB 320, Monterey, 

CA, 93940, USA). 
 

RESULTS AND DISCUSSION 
 

Chilling injury symptoms incidences 

The chilling injury symptoms index, as a function 

of the cold storage period in days for all the fruit locations, 

is shown in Figure 4. CI-index shows a significant impact 

at P≤0.05 when fruit locations on trees were considered. 

Considering, the fruits were harvested from inside trees 

(INS), is presented more resistant to damage of low-

temperature stress compared to other fruits locations. At 

the storage temperature of 4
o
C, there were no CI 

indications before the 10
th
 day of storage in all fruit 

locations. The first sign of CI that observed on the 10
th
 day 

with fruits on SUN (1.91 CI-index, almost slight injured), 

on the 15
th
 day with fruit on SHA (1.15 CI-index, low 

injured), and on the 20
th
 day with fruit on INS (1.03 CI-

index, trace injured). Though an increase in storage period 

up to the 20
th
 day, the degree of damage that developed 

between the 10
th
 and the 20

th
 day of storage was slight 

symptoms. While CI was the more rapid differential 

between the 20
th
 up to the 35

th
 day of cold storage. The 

degree of CI was, in general, less severe with fruit were 

harvested from INS trees on the 35
th
 day (1.66, CI-index 

below slight injuries), compared to SHA (2.25, CI-index 

slight injuries), and SUN (4.60 CI-index almost very 

severe injury). Accordingly, the change in visual 

appearance results of CI-symptoms on "Ewas' mango fruit 

according to the effect of three different biological factors. 

It seems that the change of CI could be related to exposure 

to solar heat and rays stress during fruit development. 

Especially, fruits located on the SUN side displays more 

CI-symptoms compared to fruits from other locations SHA 

and INS of tree side less stress. Consequently, sunny fruits 

were more sensitive to chilling temperature due to 

enhancing the physiological changes in cell membrane 

compartments under cold stress, which is not reversible 

(Leshem, 1992).  

Furthermore, the increases in the degree of CI are 

independently due to the fruit maturity stages. This would 

appear to be an important biological factor when cold 

storage is required for mango fruit (Lo'ay, 2005). Also, the 

difference of CI-symptoms among fruit locations could be 

explained that fruit from INS has more antioxidant 

activities than ROS generation compared to SHA and SUN 

during cold storage (Foyer et al., 2017). These increases 

provide fruit more resistance to chilling damage throughout 

cold storage duration (Nair and Singh, 2003). Fruits are 

exposed to high temperatures during the growing season, 

which leads to the activation of antioxidants during storage 

(Galletta and Bringhurst, 1990). However, prolonged 

exposure may lead to the reduction of vitamin C levels and 

thus reduce the action of antioxidant enzymes during cold 

storage (McKeon et al., 2006). However, the CI of fruits 

harvested from different locations could have different 

content of antioxidants and also ROS production (Usha et 

al., 2015).  

Therefore, our results concerning the 

concentrations of ascorbic acid (Figure 6) and antioxidant 

enzyme activities (Figure 5) confirm that the fruits inside 

the trees are presented at the highest level compared to 

other fruit locations during storage duration. 
 

 
Figure 4. presents a chilling injury index (CI-index) of 

fruits harvested from different locations (the 

sunny side of trees, shadow, and inside of 

trees) on 'Ewas' mango trees during cold 

storage at 4
o
C. The vertical bars presented to  

SE (n=3) the alphabet letters referred to the 

significant of treatments according to 

Duncan’s Multiple Range Test at 5%. 
 

Antioxidant enzyme activities (AEAs) 

Figure 5 illustrates the variation of the antioxidant 

enzyme activities (unit g
-1

 FW) as a function of storage 

time in days for the biological differences of 'Ewas' mango 

under low temperature. Clearly, the antioxidant enzymes 

exhibit a significant interaction at P≤ 0.05 when the storage 

time and fruit locations were considered. Initially, there are 

different values in antioxidant enzyme activities at harvest 

time overall enzymes. Also, APX enzyme increase in 

activity to reach the maximum on the 20
th
 day. However, 

the POD,CAT and SOD enzymes reach the peak up to the 

15
th
 day of cold storage. Obviously, fruits on the INS side 

of trees exhibit almost more stability in antioxidant 

activities with all enzymes compared to fruit from SHA 

and SUN side during cold storage. However, fruits were 

picked from the SUN side, which showed highly decline in 

antioxidant enzyme activities after the 20
th
 day until to end 

of cold storage period. These observed differences are due 

to the oxidative stress reaction. It is occurred according to a 

consequence of the relationship between the formation and 

scavenging of ROS as known by hemostasis (Foyer et al., 

2017). Through the results of the experiments, it is clear, 

that fruit locations have a significant impact on the activity 

of antioxidants during the cold storage period. Thus, it can 

be argued that increasing the activity of antioxidants until 

the 15
th
 day imposes the protection of fruits against free 

radicals generated by low-temperature storage stress. This 

is could be reflected in the protection of cellular walls from 

the oxidation reactions and hence the absence of symptoms 

injuries on fruits. It is clear especially with fruit located on 

INS trees. Also, it suggested that the INS fruits have more 

antioxidant activities for the quenching of ROS during 

long-term cold storage. Besides that,  It presents less CI-
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symptoms compared to other fruit locations (Usha et al., 

2015). So, more CI-symptoms appeared on fruits that 

harvested from SUN locations on trees due to the decreases 

in antioxidant activities. 

 
Figure 5. presents antioxidant enzymes activities of 

fruits harvested from different locations (the 
sunny side of trees, shadow, and inside of 
trees) on 'Ewas' mango trees during cold 
storage at 4

o
C. The vertical bars presented to  

SE (n=3) the alphabet letters referred to the 
significant of treatments according to 
Duncan’s Multiple Range Test at 5%.  

 

Lipid peroxidation, protein oxidation, ion leakage%, 

and ascorbic acid content 
Figure 6 depicts the variations in lipid peroxidation 

(MDA), protein oxidation (PCG), cell membrane leakage 
(IL%), and ascorbic acid content (AA) during 35-days of 
cold storage. In fact, the oxidize cell membrane 
compartment presents a significant interaction at P≤0.05 
when the storage factors such as time and fruit locations 
were considered. Initially, the results of MDA, PCG, IL%, 
and AA were obtained at harvest time are the different 
overall of the experiments. It is clear that cellar degradation 
increased gradually up to the end of cold storage period. 
Regarding, fruit locations present a significant variance 
between the fruit location on trees. The obvious results 
were found that the fruit location (INS) shows less 
accumulation of MDA,PCG, low  IL%, and the highest 
amount of AA. However, fruits from SUN and SHA 
presented more rapid accumulation in both MDA nd PCG. 
Also, they had an increase in cell membrane permeability 
and decreases in AA content until up to the end of the cold 
storage period. Likewise, fruits that were harvested from 
the sunny side of trees are more rapid accumulation in 
MDA, PCG, and IL%. However, it presented more rapid 
degredation in AA content during 35 days of cold storage. 

The change in lipid and protein of cell membranes due to 
cold storage stress terminated to MDA and PCG 
accumulation. Consequently, dysfunction in the cell 
membrane results in increased cell permeability up to the 
end of the experiment. Chilling injury symptoms appearing 
because of exposure of fruit to low-temperature has been 
often associated with oxidative stress processes (Hodges, 
2003). Consequently, the oxidative stress reaction occurs 
as a result of the imbalance between the production of ROS 
and antioxidant levels  (Hodges et al., 2004). So, the 
cumulative of MDA equivalent and protein carbonyl is due 
to the impact of ROS or oxidative reaction processes in 
stressed tissue (Lo'ay, 2005). So that it would be expected 
that the fruit on the SUN side of the tree might be stressed 
before harvesting (heat and rays of the sun). Hence, it 
could be more sensitive to low storage temperature and 
more CI-symptoms incidence (Usha et al., 2015). This is 
the knowledge that the growth of mango fruits under the 
sun prolong exposure before harvesting may lead to 
increased activity of decomposing enzymes, such as 
cellulose and polygalacturonase (Woolf et al., 1999), thus 
increasing fruit softening before storage (Hicks et al., 
1983). However, the accumulation of MDA and PCG 
appears to be largely independent on fruit locations. Fruits 
harvested from INS presents the lowest CI-symptoms 
compared to other SHA and SUN locations. It could be 
due to the fruit located in INS contains more balance 
between ROS and quenching antioxidants (Foyer and 
Noctor, 2003; Foyer et al., 2017). 
 

 
Figure 6. presents lipid peroxidation (malondialdehyde, 

MDA), protein oxidation (protein carbonyl 
group, PCG), cell membrane leakage 
percentage, and ascorbic acid content of fruits 
harvested from different locations (the sunny 
side of trees, shadow, and inside of trees) on 
'Ewas' mango trees during cold storage at 4

o
C. 

The vertical bars presented to  SE (n=3) the 
alphabet letters referred to the significant of 
treatments according to Duncan’s Multiple 
Range Test at 5%. 
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O2
•-
,  H2O2 production rates and DPPH reduction  

Figure 7 presents the variations between O2
•−

, H2O2 

production rates and DPPH reduction as a function of the 

cold storage period in days. The O2
•−

, H2O2 production 

rates, and DPPH presented a significant interaction at 

P≤0.001, when cold storage time (days) and fruit locations 

on trees were considered. Initially, there are different 

values of O2
•− 

 and H2O2 production rates at harvest time 

between fruit locations. Generally, the O2
•−

 and H2O2 

production increased gradually during 15 days of cold 

storage overall fruit locations.  
 

 
Figure 7. presents O2


 production rate (nmol min

-1
 g

-1
 

FW), H2O2 production rate (mmol g
-1

 FW), 

and DPPH reduction % of fruits harvested 

from different locations (the sunny side of 

trees, shadow, and inside of trees) on 'Ewas' 

mango trees during cold storage at 4
o
C. The 

vertical bars presented to  SE (n=3) the 

alphabet letters referred to the significant of 

treatments according to Duncan’s Multiple 

Range Test at 5%. 
 

Thereafter, both O2
•− 

 and H2O2 production 

increased independently according to fruit locations during 

35 days of cold storage. Fruits were harvested from the 

INS side of trees are the lowest in both O2
•−

 and H2O2 

production (0.200 nmol min
−1 

g
−1

 FW and 0.680 mmol g
−1

 

FW). However, other locations SUN (0.460 nmol min
−1 

g
−1

 

FW and 1.260 mmol g
−1

 FW) and SHA (0.290 nmol min
−1 

g
−1

 FW and 1.060 mmol g
−1

 FW) exhibit much more 

production at the 35
th
 day of cold storage.  

The highest amount of O2
•−

 and H2O2 production in 

all experiments could be due to other physiological 

processes such as respiration (Tang et al., 2012). So, the 

increase in antioxidant enzyme activities such as APX, 

POD, CAT, and SOD could be also enhanced fruit tissues 

immunities against O2
•−

 generation by quenching it during 

storage period at chilled temperature stress. Consequently, 

increasing antioxidant activities would participate strongly 

in scavenging O2
•−

 and H2O2 production during cold stress 

(Yang et al., 2011). These results explained that fruits in 

the INS side of trees are more tolerated to chilled 

temperature. Also, they have more increases in the 

antioxidant enzyme activities, which proved a protection 

against chilling damage. Moreover, the increases in 

antioxidant levels scavenge O2
•− 

and H2O2 generation 

during cold stress (Foyer et al., 2017).  

However, The measurement of antioxidant 

activities using DPPH reduction showed that the activity 

decreased independently and gradually overall fruit 

locations during storage intervals. The activities are the 

highest in fruits that are harvested from INS. It recorded 

1.18 %  linked with other fruit locations. However, SUN 

presented the lowest activities in DPPH reduction (0.36 %) 

on the 35
th
 day of the experiment time. This could be 

explained that AA mitigated the lipid peroxidation process 

throughout cold storage by controlling antioxidants 

network through storage duration (Lo’ay and El-Khateeb, 

2018). Also, due to the variability of ROS formation and 

antioxidant quenching content (Lo’ay and Taher, 2018). 

So, the presence of AA at high content in fruit of INS 

could be supported plasma cell membrane (lipid and 

protein) by quenching ROS throughout cold storage (Lo’ay 

et al., 2019). Hence, maintaining membranes 

functions/integrity by recycling α-tocopheroxyl radical 

form at the cell membrane to α-tocopherol (stabilizer cell 

membrane) to keep satisfying OH
•
 radical composition 

(Linster and Clarke, 2008). 
 

CONCLUSION 
 

In conclusion, the specific location of fruit on tree 

(sunny and shadow side and inside the tree canopy) affects 

the chilling sensitivity of mangos during cold storage. It 

also affects the activity of specific antioxidant enzymes and 

consequently, on CI-symptoms incidences during storage. 

The result provides that the fruits were harvested from INS 

present less sensitivity to low-temperature storage and low 

CI-symptoms due to more activities in antioxidant 

enzymes. Also, we suggest that the location of mango 

fruits on trees should be taken into consideration for the 

harvest process. 
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ونشاط مضاداث الأكسذة الانزيميت لثمار المانجى صنف تأثير وضعيت الثمار على الشجرة وحساسيتها لأعراض البرودة 

 خلال التخزين البارد‘ عىيس’
 دعاء مصطفى حمزه ابراهيم سيذ الأهل

 جامعت المنصىرة –كليت الزراعت  –قسم الفاكهت 
 

 ٍْٗضسػت أػ٘اً 01 ػَشٕب ‘ػ٘يس’ صْف ٍبّد٘ أشدبس ػيٚ اىششقيت بَحبفظت خبصت بَضسػت 5102ٗ 5102 ٍ٘سَٚ خلاه اىذساست ٕزٓ أخشيج

 01 ححج بخبصت ٗ اىط٘ييت اىخخضيِ فخشة خلاه اىبشٗدة بأػشاض ىلإصببت اىحسبست اىثَبس ٍِ اىَبّد٘ ثَبس حؼخبش ٍخش. 01×8 صساػت ٍسبفت ػيٚ سٍييت حشبت فٚ

 ٍِ اىف٘امٔ ػيٚ اىببسد ىيخخضيِ اىدبّبيت الآثبس اظٖبس شأّٖب ٍِ اىخي اىفسي٘ى٘خيت اىخغييشاث ٍِ اىؼذيذ يحذد اىَْخفعت اىحشاسة دسخبث ححج  ٍئ٘يت. دسخت

 فبمٖت ؛ (SUN ساىَشَ اىدبّب ٍثو االاشدبس ػيٚ اىَبّد٘ ثَبس اٗظبع حبثيش اخخببس إىٚ اىذساست حٖذف الاقخصبدٙ. اىؼبئذ ٍِ يقيو ٍَب اىبشٗدة أػشاض

 ٍظيت داخو اىفبمٖت حَْ٘ ؛ INS تاىَظي ٗداخو(( الأشدبس ٍِ اىَظيو اىدبّب ػيٚ حَْ٘ فبمٖت ؛ SHA واىظ ٗخبّب( )ًاىي٘ ٍؼظٌ اىشَس لأشؼت حخؼشض

ب 12 ىَذة )٪ 69  HRٗ( C ° 1 ± 4 داىببس اىخضيِ ححج اىثَبس سي٘ك ػيٚ)ةاىشدش ًٍ  اىخي اىفبمٖت أُ اى٘اظح ٍِ (.5102-5102) ٍخخبىييِ ٍ٘سَيِ خلاه ي٘

ب 12 ٍذة اىثَبسخلاه ػيٚ اىبشٗدة اػشاض ظٖ٘س فٚ قيت اظٖشث SIN  ٍِ حصبدٕب حٌ ًٍ  بشنو INS ٍِ حصبدٕب حٌ اىخي اىثَبس أظٖشث مَب اىخخضيِ. ٍِ ي٘

 امسيذ اىس٘بش ٗ ، (CAT) ضاىنخبىي ، (POD) ضبيشٗمسيذي ، (APX) ضبيشٗمسيذي أسن٘سببث ٍثو الاّضيَيت الامسذة ٍعذاث فٚ ّشبغ أػيٚ ٍيح٘ظ

 داخو ٍِ اىَقط٘فت اىثَبس في 2O ٗ 2O2H•- ٍِ مو ح٘اىذ اٗ اّخبج اّخفط ، رىل إىٚ ببلإظبفت الاخشٙ. ٍ٘اقغ ٍِ اىَقط٘فت ببىثَبس ٍقبسّت (SOD) صديسَ٘حب

 carbonyl ِاىبشٗحي امسذة ّخبئح ٗ malondialdehyde (MDA) ٍِ مو في ٍْخفعت مَيت ٗخبصت اىخلايب، ّفبريت ّخبئح فٚ قيت اػطج مَب الاشدبس

 (PCG)داىببس اىخخضيِ قبو اىف٘امٔ ىخصْيف صبداىح ػْذ الاػخببس فٚ اىشدشة ػيٚ ساىثَب ٍ٘اقغ أخز يَنِ أّٔ إىٚ اىْخبئح ٕزٓ أشبسث اىخخضيِ. ٍذة غ٘اه. 


