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Introduction                                                             

Apricot (Prunus armeniaca L.) is one of the 
most important and popular fruit species around 
the world because of their high nutritional value, 
antioxidant and aroma (Solis-Solis et al., 2007). It 
is one of the most popular fruits to the Egyptian 
consumers. In Egypt, the total apricot planted area 
reached 69236 feddans, while the apricot planted 
fruiting area reached 65568 feddans produced 
nearly 330791 tons (Anonymous, 2014). Apricot is 
a climacteric fruits that produces large amounts of 
ethylene at the ripening (Mita et al., 1999). It starts 

to lose its physical and chemical qualities directly 
after harvest and through the storage period (Ezzat 
et al., 2012). Fruit temperature reduction used 
to control bruising injury and to delay ripening 
process in apricots (De Martino et al., 2002). 
Unfortunately, the use of low temperature on 
apricots very often inhibits aroma development 
especially in early harvested fruits (Botondi et 
al., 1999) and show some physiological disorders 
such as mealiness development, losses of juiciness 
and gel breakdown (Stanley et al., 2010 and Ezzat 
et al., 2012). Fruit ripening and senescence may be 
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regarded as an oxidative process involving marked 
alterations in fruit metabolism and the activity of 
some enzymatic systems including those related to 
the regulation of reactive oxidative species and the 
deleterious effects of ethylene have been linked 
with reactive oxygen species detoxifying enzymes 
(Masia, 1998).

In postharvest management practices, 
chemicals used to delay fruit ripening of various 
climacteric fruits by stimulation or inhibition of 
ethylene production. 1-Methylcyclopropene (1-
MCP) (C4H6) is an inhibitor of ethylene action 
that blocks ethylene receptors (Sisler and Serek, 
1997; Dong et al., 2002 and Sisler, 2006). It is a 
cyclic olefin that inhibition ripening process by 
occupying irreversibly ethylene binding sites, so 
that ethylene is unable to bind and elicit subsequent 
signal transduction and translation (Blankenship 
and Dole, 2003). Application of 1-MCP at low 
concentrations prior to the climacteric increase 
delayed the onset of the climacteric peaks of 
carbon dioxide and ethylene production by 
reducing the activities of ethylene biosynthesis 
enzymes (Blankenship and Dole, 2003). Exposure 
‘Longyan Mei’ apricot fruits to 500 μL/L of 
1-MCP application for 24 hours inhibited the 
browning index and prolonged the storage period 
for 30 days at 10°C by enhancing the activities of 
antioxidant enzyme of SOD, POX and CAT (Shi et 
al., 2013). 1-MCP applications used for delaying 
ripening process, improving postharvest quality 
and extending fruit storage life for many fruits 
including, apricots (Fan et al., 2000; Dong et al., 
2002; Valero et al., 2005 and Egea et al., 2010), 
plums (Erkan and Eski, 2012), peaches (Liu et al., 
2005 and Jin et al., 2011), nectarines (Özkaya et 
al., 2016) and mangoes (Mohamed et al., 2016b).

Salicylic acid (SA) is a natural, safe simple 
phenolic compound and recognized as a plant 
growth regulator that regulates many processes 
in plants. SA is an important component in the 
signal transduction pathway (Raskin, 1992). SA 
treatment was counteracted the negative effects of 
reactive oxygen species by increasing antioxidant 
enzymes activity (Wang et al., 2006; Tareen 
et al., 2012b; Ali et al., 2014 and Ezzat, 2014). 
SA treatment has reported to delay ripening on 
different climacteric fruits by inhibiting ethylene 
biosynthesis and maintain postharvest quality of 
horticultural crops (Asghari and Aghdam, 2010). 
Postharvest application of SA prolonged the 
storage life and preserved the valuable marketing 
characteristics of ‘Asgar-Abad’ apricots (Hajilou 

and Fakhimrezaei, 2013). In addition, dipping 
apricots in 2 mM SA for 15 minutes (min) 
significantly reduced the decay development 
with maintaining fruit quality during cold storage 
at 1°C for 28 days (Ezzat, 2014). Furthermore, 
immersed apricots in 0.5 mM SA solutions 
for 3 min plus covered with cellophane film 
significantly improved fruit quality and extended 
fruit shelf life after 3 weeks of cold storage at 0.5°C 
(Moradinezhad and Jahani, 2016). Postharvest 
application dipping in 2 mM of SA for 3 min 
extend apricots fruits shelf by slowing down 
ripening process, enhancing antioxidant activity 
and retaining fruits quality (Ali et al., 2013 and Ali 
et al., 2014). Pre-storage dipping of SA at 1 mM 
doses delayed decay incidence and maintained 
peach fruit quality during cold storage at 0°C 
for 28 days and subsequently 3 days shelf life at 
25°C (Wang et al., 2006). Similarly, ‘Flordaking’ 
peach fruits treated with 2 mM concentration of 
SA delaying fruit surface decay and keeping fruit 
quality intact along during storage at 0°C up to 
five weeks (Tareen et al., 2012a, b). Furthermore, 
SA treatments prolonged the storage life by 
maintaining nutritional attributes and shown good 
results in controlling fungal disease, stimulated 
antioxidant enzymes and delayed ripening and 
senescence mechanisms during postharvest 
storage of sweet cherries (Valero et al., 2011). 
Moreover, SA treatment found to delay banana 
fruits ripening process by decreasing the activities 
of cell wall degrading enzymes (Srivastava and 
Dwivedi, 2000).

Therefore, the present study was designed to 
investigate the effect of pre-storage applications 
of exposure to 1-MCP, SA dipping and co-
applications on postharvest quality, antioxidant 
enzyme activity and cell wall hydrolytic enzyme 
activity of apricot fruits cv. ‘Canino’ during cold 
storage at 0±1°C and 90±5% relative humidity 
(RH). 

Materials and Methods                                          

Fruit materials and treatments
The present investigation was conducted 

during two successive seasons 2015 and 2016 at 
Horticulture Department, Faculty of Agriculture, 
Tanta University, Egypt. Apricot fruits cv. 
‘Canino’ were picked at commercial maturity 
stage (yellowish green) according to Dragovic-
Uzelac et al. (2007) during the 2nd week of June. 
Trees were similar apparently uniform in size 
and free of visible symptoms of infection grown 
in a private orchard in Wadi El-Molak, Ismailia 
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Governorate, Egypt (latitude, 30°36′ N, longitude, 
32°14′ E). Cainno apricot trees were 10 years old 
and planted at a spacing of 5 x 6 meters apart 
in a sandy soil under drip irrigation system and 
subjected to all ideal agriculture practices. In both 
experimental seasons, fruits were brought to the 
Horticulture laboratory through 2 hours at ambient 
temperature (~30°C) after harvesting in plastic 
boxes (15 kg capacity). Fruits were cleaned, 
sorted, graded and the detective fruits including 
wounded and other disorders were excluded. 
The sound fruits at the same maturity stage were 
washed with 0.01% sodium hypochlorite water 
solution for 2 min to clean the surface of fruits and 
completely air dried at room temperature. A 2025 
clean sound ‘Canino’ apricot fruits were randomly 
selected and divided into three equal groups. All 
groups were exposed to 0, 0.5 or 1 ppm of 1-MCP 
concentrations for 24 hours at room temperature 
(25±3°C and 65±5% RH). A powder containing 
0.14% of 1-MCP as active ingredient was released 
from a commercial powdered formulation (Smart 
FreshTM Rohm and Hass Inc., USA) by adding 
distilled water, according to the manufacturer’s 
instructions.

After the duration of 1-MCP treatments, the 
fruits in each group were removed and divided 
into three subgroups. The fruits in each subgroup 
were dipped into aqueous solutions of SA at 0, 0.5 
or 1 mM concentration for 5 min in five liter of 
an aqueous solution containing Tween-80 0.05% 
(v/v). After immersing treatments, fruits were air 
dried for half hour at room temperature and placed 
into unsealed netted plastic bags 30 cm deep x 20 
cm wide. Each treatment consisted of 15 bags 
with three replicates and each replicate contained 
of 15 fruits for each storage period. All treatments 
packed in corrugated cartons with dimensions 
of 45×35×10 cm and experimental boxes were 
stored at 0±1°C and 90±5% RH. Data was 
recorded on physical and chemical characteristics 
at the picking date (zero time of cold storage), and 
repeated at weekly intervals during cold storage 
period. After end of cold storage period (28 days 
at 0°C) three bags of each treatment were moved 
to room conditions (25±3°C and 65±5% RH) for 
three days as a simulation-marketing period for 
determining different quality attributes.

Measurements of fruit weight loss, decay, 
marketable and fruit firmness

Weight loss percentage of fruits was calculated 
by the following formula: [(fruit weight before 
storage - fruit weight after each period of storage) 
/ (fruit weight before storage)] × 100.

Decay incidence was recorded every week by 
the number of decayed fruits due to browning, 
fungus and any micro-organisms infection and 
decay incidence of fruits was calculated as a 
percentage of the initial number of stored fruits 
using the following equation: (number of decayed 
fruits after special storage period / initial number 
of stored fruits) × 100. 

Marketable percentage was calculated by the 
following formula: (weight of sound fruits after 
special storage period / initial weight of fruits) × 
100.

Fruit firmness in flesh was measured in three 
apricot fruits per replication at two equatorial 
sites to determine the penetration force by using 
a hand-held fruit firmness tester (Model FT-327, 
Italy) equipped with an 8 mm cylindrical stainless 
steel plunger tip (Watkins and Harman, 1981). 
Two readings were taken on the flesh of each fruit 
after peeling. The firmness value was expressed 
in terms of kilogram force (kgf) and data was 
calculated as Newton (N) by the following 
formula (1 N = 0.1 kgf).

Measurements of ascorbic acid (AsA), total 
soluble solids (TSS), titratable acidity (TA) 
contents and TSS/TA ratio

The fruit juice was extracted by crushing the 
pulp of apricots, then strained through a muslin 
cloth and used for measuring AsA, TSS, TA 
contents and TSS/TA ratio

 AsA was determined according to AOAC 
(2000). Samples of fruit juice were used, oxalic 
acid solution was added to each sample and 
titrated with 2,6-dichlorophenol-indophenol dye 
solution and expressed as a milligram of AsA and 
was calculated as mg/100 ml of the juice.

TSS content was measured using a hand 
refractometer, 0-32 scale (ATAGO N-1E, 
Japan) and expressed in °Brix after making the 
temperature correction at 20°C according to 
AOAC (2000).

TA was assayed based on the method of 
adopting the procedure described by AOAC 
(2000). Aliquot of fruit juice was taken and 
titrated against 0.1 N NaOH in the presence of 
phenolphthalein as an indicator to the end point 
and was calculated as grams of malic acid per 100 
ml of juice.

TSS/TA ratio was calculated from the values 
recorded for fruit juice TSS and TA percentages 
were determined.
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Measurement of fruit pigments
Chlorophyll and carotenoids contents 

in pulp of apricots (three replicates) were 
spectrophotometrically determined according 
to the method of Wettestein (1957). The 
absorbance of the extract was measured at a 
spectrum of 662 nm for chlorophyll a, 644 nm for 
chlorophyll b and 440 for carotenoids by using a 
spectrophotometer (UV-Vis spectrophotometer 
UV 9100 B. LabTech). Pigment contents were 
calculated according to Wettestein (1957) by the 
following equations:

Chlorophyll a = (9.784×E662) - (0.99×E644) = 
µg/ml

Chlorophyll b = (21.426×E644 ) - (4.65×E662) 
= µg/ml

Total chlorophyll = chlorophyll a + chlorophyll 
b = µg/ml

Total carotenoids = (4.695 × E440) - (0.268 × 
sum of chlorophyll a and b) = µg/ml

Where E = Optical density at the indicated 
spectrum length and results were expressed 
as mg/100 gram of fresh weight (g FW) by the 
following formula: [(Resulting value from each 
equation × volume extract)/(1000 × FW)] × 100.

Determination of total phenolic content
Total phenolic content in pulp of apricots 

with three replicates was spectrophotometrically 
determined by the Folin-Ciocalteu method 
according to Slinkard and Singleton (1977). 
The absorbance against distilled water as a 
blank was determined at 765 nm by using a 
spectrophotometer (UV-Vis spectrophotometer 
UV 9100 B. LabTech). Total phenolic content 
was calculated from a standard curve obtained 
from different concentrations of gallic acid and 
expressed as mg of gallic acid equivalents/100 g 
FW.

Enzymes specific activities assessment
Antioxidant enzyme specific activities were 

determined in fruit samples that collected at 0, 7, 
14, 21 and 28 days during cold storage at 0°C and 
after the end of cold storage period (28 days) plus 
three days shelf life at about 25°C. Soluble protein 
contents of the enzyme extract were assayed 
according to the method of Bradford (1976) using 
bovine serum albumin as a standard. Five grams 
of frozen apricot pulp of ten fruits from triplicate 
samples of each treatment were homogenized 
using a chilled pestle and mortar with 5 ml of 
0.05 M potassium phosphate buffer (pH=7.8) 
containing 1 M KCl, 0.5% polyvinylpyrrolidone, 
0.1 mM EDTA and 2 mM dithiothreitol. The 

homogenate apricot pulp was filtered through 
four layers of cheesecloth. The extract was 
centrifuged at 20000g at 4°C for 15 min. The 
obtained supernatant was used as an enzyme 
extract to determine superoxide dismutase (SOD), 
catalase (CAT), peroxidase (POX) and pectin 
methylesterase (PME) specific activities. 

SOD (EC 1.15.1.1.) activity was assayed by 
measuring its ability to inhibit the photochemical 
reduction of nitroblue tetrazolium (NBT) 
adopting the method of Giannopolities and 
Ries (1977). SOD was measured by using a 
spectrophotometer (UV-Vis spectrophotometer 
UV 9100 B. LabTech) at 560 nm and one unit 
of SOD activity was defined as the amount of 
enzyme required to cause 50% inhibition of NBT 
under the experimental conditions and the specific 
activity of SOD enzyme was expressed as units 
mg-1 protein.

CAT (EC 1. 11. 1.6) specific activity was 
measured spectrophotometrically as described 
by Clairbone (1985). The degradation of H2O2 
was measured by the decrease in absorbance at 
240 nm by using a spectrophotometer (UV-Vis 
spectrophotometer UV 9100 B. LabTech). The 
molar extinction coefficient of H2O2 at 240 nm 
was taken as 40 mM-1 cm-1. One unit of enzyme 
activity was defined as amount of enzyme 
catalyzing the decomposition of one µmol H2O2 
per minute and specific activity of CAT enzyme 
was expressed as µmol min-1 mg-1 protein. 

POX (EC 1. 11. 1.7) specific activity was 
performed using guaiacol as a donor and H2O2 
as a substrate according to the method of Herzog 
and Fahimi (1973). The assay mixture (100 ml) 
contained 10 ml of 1% (v/v) guaiacol, 10 ml of 0.3 
% H2O2 and 80 ml of 50 mM sodium phosphate 
buffer solution (pH=6.6). Volume of 0.1 ml of 
crude enzyme was added to 2.9 ml of the assay 
mixture to start the reaction. The increasing 
absorbance was recorded every 30 sec for 3 min 
at 470 nm by using a spectrophotometer (UV-Vis 
spectrophotometer UV 9100 B. LabTech). One 
unit of POX activity was defined as the amount of 
enzyme that caused an increase in absorbance of 
optical density at 460 nm per min under the assay 
conditions and the specific activity was expressed 
as µmol min-1 mg-1 protein.

PME (EC 3.1.1.11) specific activity was 
extracted and assayed by the method of Hagerman 
and Austin (1986) with some modification. The 
activity was assayed in a mixture containing 2 
ml of citrus pectin solution (0.01%), 0.2 ml NaCl 
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(0.15 M), 0.1 ml of bromothymol blue solution 
(0.01%), 0.6 ml of distilled water and 0.1 ml of 
enzymatic extract. All solutions (pectin, indicator 
dye and distilled water) were adjusted to pH 
7.5 using 0.1N NaOH just before each trial was 
started. After adding the prepared enzyme, the 
cuvette was gently shaken. The absorbance was 
measured immediately at 620 nm by using a 
spectrophotometer (UV-Vis spectrophotometer 
UV 9100 B. Lab Tech) and measured again after 3 
min. The different values in absorbance between 
0 and 3 min were the measure of PME activity. 
An activity calculation was conducted by using 
a standard curve as described by Hangermann 
and Austin (1986). One unit was defined as the 
amount of enzyme required for liberating one 
µmol of methyl ester min-1 mg-1 protein. 

Experimental design and statistical data analysis
This experiment was arranged in a completely 

randomized design having three replications. 
The experimental in cold storage consisting of 
two factors (pre-storage treatments and storage 
periods) and analysis as factorial, while in shelf 
life consisting of one factor that is pre-storage 
treatments. Data calculated as percentage were 
transformed to arcsine of square root before 
statistical analysis and non-transformed means 
are shown. The effects of treatments and cold 
storage periods on different attributes were 

analyzed statistically by analysis of variance 
(ANOVA) using the MSTAT-C statistical package 
(M-STAT, 1993). Comparisons between means in 
cold storage or shelf life were done by Duncan’s 
multiple range tests (DMRT) at probability ≤ 0.05.

Results and Discussion                                          

Effect of pre-storage application with exposure 
to 1-methylcyclopropene (1-MCP), salicylic acid 
(SA) dipping and their combinations on physical 
and chemical characteristics of ‘Canino’ apricot 
fruits during cold storage and shelf life 

Fruit weight loss, decay incidence, marketable 
percentage and firmness

Data shown in Tables 1, 2, 3 and 4 reveal 
that, exposure of ‘Canino’ apricots to 0.5 or 
1 ppm of 1-MCP or dipping in SA at 0.5 or 1 
mM concentration significantly decreased fruit 
weight loss and decay percentage especially 
their combination treatments. On contrast, these 
treatments significantly increased marketable 
fruit percentage and flesh firmness in comparison 
with control fruits during the two seasons in 
this study. However, non-significant differences 
were observed among individual treatments and 
also among co-applications of fruit decay and 
marketable percentages in both seasons under 
this experiment. Data also cleared that, combined 
treatment with 1-MCP and SA delayed the decay 
incidence of apricots up to 21 days of cold storage 
at 0°C in both seasons under this study. 

TABLE 1. Changes in weight loss percentage of ‘Canino’ apricots treated with exposure to 1-methylcyclopropene 
(1-MCP) application, salicylic acid (SA) dipping and their combined treatments during cold storage 
at 0°C for 28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 0.00 s 11.86 def 16.34 c 21.54 b 26.37 a 15.22 A
0.5 ppm 1-MCP 0.00 s 6.40 mno 9.59 g-j 11.50 def 12.73 d 8.05 B
1 ppm 1-MCP 0.00 s 6.60 mno 9.63 g-j 11.32 def 12.61 de 8.03 B
0.5 mM SA 0.00 s 5.24 o-r 8.90 jk 10.58 fgh 11.94 def 7.33 C
1 mM SA 0.00 s 5.60 opq 8.57 jkl 10.43 f-i 11.66 def 7.25 C
0.5 ppm 1-MCP + 0.5 mM SA 0.00 s 4.47 qr 7.16 lmn 9.13 hij 10.83 fg 6.32 D
0.5 ppm 1-MCP + 1 mM SA 0.00 s 4.04 r 6.05 nop 7.60 klm 8.98 ijk 5.34 E
1 ppm 1-MCP + 0.5 mM SA 0.00 s 4.76 pqr 7.62 klm 9.24 hij 11.20 ef 6.56 D
1 ppm 1-MCP + 1 mM SA 0.00 s 4.69 pqr 7.36 lmn 9.15 hij 10.90 fg 6.42 D
Means 0.00 E 5.96 D 9.02 C 11.17 B 13.02 A

 Season 2016   
Distilled water (control) 0.00 n 11.75 e 15.98 c 19.63 b 23.92 a 14.25 A
0.5 ppm 1-MCP 0.00 n 6.56 j 8.57 h 11.53 e 13.34 d 8.00 B
1 ppm 1-MCP 0.00 n 6.21 jk 8.20 h 11.31 e 12.87 d 7.72 B
0.5 mM SA 0.00 n 6.51 j 8.28 h 11.21 e 13.20 d 7.84 B
1 mM SA 0.00 n 6.33 jk 8.18 h 10.97 ef 12.81 d 7.66 B
0.5 ppm 1-MCP + 0.5 mM SA 0.00 n 4.10 m 6.24 jk 8.50 h 9.97 fg 5.76 D
0.5 ppm 1-MCP + 1 mM SA 0.00 n 3.67 m 5.30 kl 7.93 hi 8.58 h 5.10 E
1 ppm 1-MCP + 0.5 mM SA 0.00 n 4.59 lm 6.94 ij 9.05 gh 11.12 e 6.34 C
1 ppm 1-MCP + 1 mM SA 0.00 n 4.52 lm 6.53 j 8.78 h 10.68 ef 6.10 CD
Means 0.00 E 6.03 D 8.25 C 10.99 B 12.94 A   
Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 
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TABLE 2. Changes in decay percentage of ‘Canino’ apricots treated with exposure to 1-methylcyclopropene (1-
MCP) application, salicylic acid (SA) dipping and their combined treatments during cold storage at 
0°C for 28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 0.00 g 7.69 efg 10.35 c-f 25.34 b 40.15 a 16.71 A
0.5 ppm 1-MCP 0.00 g 0.00 g 0.00 g 10.75 c-f 18.72 bc 5.89 B
1 ppm 1-MCP 0.00 g 0.00 g 0.00 g 8.99 d-g 16.83 b-e 5.17 B
0.5 mM SA 0.00 g 0.00 g 0.00 g 11.13 c-f 20.94 b 6.42 B
1 mM SA 0.00 g 0.00 g 0.00 g 10.23 c-f 17.07 bcd 5.46 B
0.5 ppm 1-MCP + 0.5 mM SA 0.00 g 0.00 g 0.00 g 0.00 g 4.71 fg 0.94 C
0.5 ppm 1-MCP + 1 mM SA 0.00 g 0.00 g 0.00 g 0.00 g 3.43 fg 0.69 C
1 ppm 1-MCP + 0.5 mM SA 0.00 g 0.00 g 0.00 g 0.00 g 6.21 fg 1.24 C
1 ppm 1-MCP + 1 mM SA 0.00 g 0.00 g 0.00 g 0.00 g 5.25 fg 1.05 C
Means 0.00 C 0.85 C 1.15 C 7.38 B 14.81 A

 Season 2016   
Distilled water (control) 0.00 f 8.94 def 14.58 cde 26.98 b 43.11 a 18.72 A
0.5 ppm 1-MCP 0.00 f 0.00 f 0.00 f 12.23 cde 19.48 bcd 6.34 B
1 ppm 1-MCP 0.00 f 0.00 f 0.00 f 11.26 de 18.61 bcd 5.97 B
0.5 mM SA 0.00 f 0.00 f 0.00 f 14.56 cde 22.68 bc 7.45 B
1 mM SA 0.00 f 0.00 f 0.00 f 11.96 de 18.75 bcd 6.14 B
0.5 ppm 1-MCP + 0.5 mM SA 0.00 f 0.00 f 0.00 f 0.00 f 5.52 ef 1.10 C
0.5 ppm 1-MCP + 1 mM SA 0.00 f 0.00 f 0.00 f 0.00 f 3.83 ef 0.77 C
1 ppm 1-MCP + 0.5 mM SA 0.00 f 0.00 f 0.00 f 0.00 f 6.76 ef 1.35 C
1 ppm 1-MCP + 1 mM SA 0.00 f 0.00 f 0.00 f 0.00 f 5.63 ef 1.13 C
Means 0.00 C 0.99 C 1.62 C 8.55 B 16.04 A   
Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively.

ABLE 3. Changes in marketable percentage of ‘Canino’ apricots treated with exposure to 1-methylcyclopropene 
(1-MCP) application, salicylic acid (SA) dipping and their combined treatments during cold storage 
at 0°C for 28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 100.00 a 81.38 fgh 75.02 hij 58.57 k 44.06 l 71.81 C
0.5 ppm 1-MCP 100.00 a 93.60 ab 90.41 b-e 78.92 ghi 70.95 j 86.77 B
1 ppm 1-MCP 100.00 a 93.40 abc 90.37 b-e 80.70 f-i 72.67 ij 87.43 B
0.5 mM SA 100.00 a 94.76 ab 91.10 b-e 79.43 ghi 69.59 j 86.98 B
1 mM SA 100.00 a 94.40 ab 91.43 a-e 80.40 f-i 73.26 ij 87.90 B
0.5 ppm 1-MCP + 0.5 mM SA 100.00 a 95.53 ab 92.84 a-d 90.87 b-e 85.00 c-g 92.85 A
0.5 ppm 1-MCP + 1 mM SA 100.00 a 95.96 ab 93.95 ab 92.40 a-d 87.91 b-f 94.04 A
1 ppm 1-MCP + 0.5 mM SA 100.00 a 95.24 ab 92.38 a-d 90.76 b-e 83.32 efg 92.34 A
1 ppm 1-MCP + 1 mM SA 100.00 a 95.31 ab 92.64 a-d 90.85 b-e 84.40 d-g 92.64 A
Means 100.00 A 93.29 B 90.02 C 82.55 D 74.57 E

 Season 2016   
Distilled water (control) 100.00 a 80.38 fgh 71.74 hij 58.70 k 43.29 l 70.82 C
0.5 ppm 1-MCP 100.00 a 93.44 a-d 91.43 a-e 77.66 ghi 69.78 ij 86.46 B
1 ppm 1-MCP 100.00 a 93.79 a-d 91.80 a-e 78.72 f-i 70.90 ij 87.04 B
0.5 mM SA 100.00 a 93.49 a-d 91.72 a-e 75.85 g-j 67.11 j 85.63 B
1 mM SA 100.00 a 93.67 a-d 91.82 a-e 78.39 ghi 70.84 ij 86.94 B
0.5 ppm 1-MCP + 0.5 mM SA 100.00 a 95.90 ab 93.76 a-d 91.50 a-e 85.11 c-g 93.25 A
0.5 ppm 1-MCP + 1 mM SA 100.00 a 96.33 ab 94.70 abc 92.07 a-e 87.93 b-f 94.21 A
1 ppm 1-MCP + 0.5 mM SA 100.00 a 95.41 ab 93.06 a-d 90.95 a-e 82.93 efg 92.47 A
1 ppm 1-MCP + 1 mM SA 100.00 a 95.48 ab 93.47 a-d 91.22 a-e 84.31 d-g 92.90 A
Means 100.00 A 93.10 B 90.39 B 81.67 C 73.58 D   
Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 
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Canino apricot fruits treated with the 
combination of exposure to 0.5 ppm of 1-MCP and 
1 mM SA dipping had the lowest weight loss (5.34 
& 5.10 %) and decay percentage (0.69 & 0.77 %) 
as compared to the other treatments in the first 
and second seasons, respectively. Moreover, these 
fruits had the highest marketable fruit percentage 
(94.04 & 94.21 %) and flesh firmness (22.69 & 
21.71 N) in 2015 and 2016 seasons, respectively 
as compared to all the other treatments. On the 
other hand, untreated fruits (control) had the 
highest weight loss (15.22 & 14.25 %) and decay 

incidence (16.71 & 18.72 %) as well as had the 
lowest marketable fruit percentage (71.81 & 70.82 
%) and flesh firmness (13.28 & 12.75 N) in the 
first and second seasons, respectively.

With respect to the effect of storage period, 
data in Tables 1, 2, 3 and 4 demonstrate that, 
weight loss and decay percentage of ‘Canino’ 
apricot fruits generally significantly increased 
with prolonging of storage period in both seasons. 
In contrary, ‘Canino’ apricot fruits showed gradual 
and significant reduction in marketable percentage 
and flesh firmness with the advancement of storage 

TABLE 4. Changes in firmness (N) of ‘Canino’ apricots treated with exposure to 1-methylcyclopropene (1-MCP) 
application, salicylic acid (SA) dipping and their combined treatments during cold storage at 0°C for 
28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 24.53 a 17.99 k 11.77 m 7.85 N 4.25 o 13.28 E
0.5 ppm 1-MCP 24.53 a 21.58 b-h 19.62 g-k 18.31 Jk 15.04 l 19.82 CD
1 ppm 1-MCP 24.53 a 22.24 a-f 20.60 e-j 19.29 h-k 15.70 l 20.47 C
0.5 mM SA 24.53 a 20.60 e-j 19.29 h-k 17.99 K 14.72 l 19.42 D
1 mM SA 24.53 a 21.91 b-g 20.27 f-k 18.97 Ijk 15.37 l 20.21 CD
0.5 ppm 1-MCP + 0.5 mM SA 24.53 a 23.54 abc 22.24 a-f 21.26 c-i 18.97 ijk 22.11 AB
0.5 ppm 1-MCP + 1 mM SA 24.53 a 23.87 ab 23.22 a-d 21.91 b-g 19.95 f-k 22.69 A
1 ppm 1-MCP + 0.5 mM SA 24.53 a 22.89 a-e 21.91 b-g 20.27 f-k 17.99 k 21.52 B
1 ppm 1-MCP + 1 mM SA 24.53 a 23.22 a-d 22.24 a-f 20.93 d-i 18.31 jk 21.84 AB
Means 24.53 A 21.98 B 20.13 C 18.53 D 15.59 E

 Season 2016   
Distilled water (control) 23.87 a 17.66 j-n 11.12 q 7.19 R 3.92 s 12.75 D
0.5 ppm 1-MCP 23.87 a 20.93 c-g 18.64 h-m 16.68 Mn 14.06 p 18.84 C
1 ppm 1-MCP 23.87 a 21.58 b-e 19.29 f-k 17.66 j-n 14.72 op 19.42 C
0.5 mM SA 23.87 a 20.60 c-h 18.31 i-n 16.35 No 13.73 p 18.57 C
1 mM SA 23.87 a 21.26 b-f 18.97 g-l 17.00 Lmn 14.39 p 19.10 C
0.5 ppm 1-MCP + 0.5 mM SA 23.87 a 22.56 abc 20.60 c-h 19.62 e-j 18.31 i-n 20.99 AB
0.5 ppm 1-MCP + 1 mM SA 23.87 a 23.22 ab 21.58 b-e 20.60 c-h 19.29 f-k 21.71 A
1 ppm 1-MCP + 0.5 mM SA 23.87 a 21.91 a-d 20.27 d-i 18.64 h-m 17.33 k-n 20.40 B
1 ppm 1-MCP + 1 mM SA 23.87 a 22.24 a-d 20.60 c-h 19.29 f-k 17.66 j-n 20.73 B
Means 23.87 A 21.33 B 18.82 C 17.00 D 14.82 E   
Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 

TABLE 5. Changes in fruit physical attributes of ‘Canino’ apricots treated with exposure to 1-methylcyclopropene 
(1-MCP) application, salicylic acid (SA) dipping and their combined treatments after cold storage at 
0°C for 28 days and then transferred to about 25°C for 3 days shelf life

Pre-storage treatments
Weight loss (%) Decay (%) Marketable (%) Firmness (N)
Season 
2015

Season 
2016

Season 
2015

Season 
2016

Season 
2015

Season 
2016

Season 
2015

Season 
2016

Distilled water (control) 30.95 a 28.78 a 67.40 a 66.05 a 22.53 c 24.22 d 2.62 f 2.29 d
0.5 ppm 1-MCP 14.43 b 14.50 b 27.67 b 28.83 b 61.79 b 60.85 c 12.43 de 12.10 c
1 ppm 1-MCP 14.32 b 14.35 b 25.27 b 26.17 b 64.00 b 63.22 c 13.41 d 12.75 c
0.5 mM SA 13.99 b 14.44 b 29.41 b 29.25 b 60.70 b 60.53 c 11.77 e 11.77 c
1 mM SA 13.49 bc 14.02 b 25.98 b 27.04 b 64.04 b 62.73 c 12.75 de 12.43 c
0.5 ppm 1-MCP + 0.5 mM SA 12.36 bc 12.18 c 10.54 c 11.87 c 78.33 a 77.42 ab 17.00 b 16.35 ab
0.5 ppm 1-MCP + 1 mM SA 10.84 c 10.95 d 7.58 c 7.38 c 82.39 a 82.50 a 18.31 a 17.99 a
1 ppm 1-MCP + 0.5 mM SA 12.79 bc 12.89 c 12.43 c 12.82 c 76.36 a 75.93 b 15.37 c 15.04 b
1 ppm 1-MCP + 1 mM SA 12.78 bc 12.55 c 11.98 c 12.03 c 76.65 a 76.93 b 16.02 bc 15.37 b
Means followed by the same letters in each column for every season are not significantly different according to DMRT at level P ≤ 0.05.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively.
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period in both seasons. The results indicated that, 
maximum weight loss (13.02 & 12.94 %), decay 
percentage (14.81 & 16.04 %) and the minimum 
marketable fruits percentage (74.57 & 73.58 
%) and flesh firmness (15.92 & 14.82 N) were 
observed at the end of cold storage period at 0°C 
in the first and second seasons, respectively. 

The interaction effect between pre-storage 
treatments and storage periods were showed 
significant differences at p≤0.05 for weight loss, 
decay and marketable percentages and firmness 
of ‘Canino’ apricots in both seasons under this 
experiment. 

The overall results in Table 5 reveal that, all pre-
storage treatments especially combined treatments 
showed significantly retarded the deterioration 
in physical attributes as compared to untreated 
fruits (control) at the end of cold storage (28 days) 
plus 3 days shelf life at ambient temperature. 
Data also showed that, pre-storage treatment of 
‘Canino’ apricots with 0.5 ppm of 1-MCP and 1 
mM of SA had the lowest weight loss and decay 
percentage and the highest marketable percentage 
and firmness in the two seasons.

The loss in fruit weight during storage 
could be attributed to the loss in moisture that 
occurs through physiological processes such 
as transpiration and respiration (Srivastava and 
Dwivedi, 2000 and Wang et al., 2006). The 
reducing decay appearance may be associated 
with changes in natural antifungal compounds 
(Prusky and Keen, 1993) and increase in activities 
of antioxidant enzyme (Tareen et al., 2012b; 
Shi et al., 2013 and Ezzat, 2014). 1-MCP and 
SA are highly effective anti browning agent for 
fruits (Tareen et al., 2012b and Ezzat, 2014) and 
enhancement the disease resistance in apricots 
(Dong et al., 2002 and Valero et al., 2005). 

The rate of fruit firmness losses affects on 
fruit quality and the storage life. Fruit softening 
starts with the conversion of insoluble protopectin 
into water soluble pectin and associated with 
dissolution of the middle lamellae that lead to an 
increase of pectin solubility and depolymerization 
of matrix polysaccharides (Vicente et al., 2007). 
The increasing of hydrolytic enzymes activity such 
as PME, polygalacturonase and betagalactosidase 
are contributors in reduced rigidity of cell walls 
and lead to fruit softening (Payasi et al., 2009). 
Thus, the reduction in flesh firmness of apricots 
during storage might be due to degradation in 
cellular structures because of respiration and 
other metabolic activities (Femenia et al., 1998). 

Minimum flesh firmness may be attributing to 
maximum change in pectin substance as reported 
for control fruits in this research as documented 
by Srivastava and Dwivedi (2000), Ahmad et al. 
(2013), Ezzat (2014) and Özkaya et al. (2016). 

 The results in the current study suggested 
that, treated ‘Canino’ apricot with exposure to 
either 0.5 or 1 ppm of 1-MCP, dipping apricots 
in either 0.5 or 1 mM of SA and especially 
their combined treatments probably reduced 
respiration, transpiration, maintaining cellular 
integrity and delaying the activities of cell wall 
degrading enzymes (Ezzat 2014 and Özkaya et 
al., 2016). Therefore, treated apricot fruits with 
exposure to 1-MCP and SA dipping especially 
their combined treatments reduced weight 
loss and decay percentages with a significant 
increase in marketable fruit percentage as well as 
maintained fruit firmness, thus delayed ripening 
and senescence processes of apricots.

Our findings in the present study are in 
agreement with the previous studies by Erkan 
and Eski (2012) on ‘Black Beauty’ and ‘Autumn 
Giant’ plums, Shi et al. (2013) on apricots and 
Mohamed et al. (2016b) on ‘Zibda’ mangoes. 
They reported that, 1-MCP treatment reduced 
fruit weigh loss and decay percentages, increased 
marketable fruits percentage and maintained fruit 
firmness during cold storage period and shelf 
life. Also, the obtained results are in harmony 
with reports that 1-MCP application delayed 
fruit softening in a number of crops including, 
apricots and plums (Dong et al., 2002 and Fan et 
al., 2000), peaches (Jin et al., 2011) and nectarines 
(Özkaya et al., 2016). Furthermore, the current 
investigation findings agree with those mentioned 
by Ali et al., (2013), Hajilou and Fakhimrezaei 
(2013), Ezzat (2014) and Moradinezhad and 
Jahani (2016) on apricots. Moreover, these results 
in accordance with those reported by Wang et al. 
(2006) and Tareen et al. (2012a, b) on peaches and 
Mohamed et al. (2016a) on ‘Valencia’ oranges. 
They reported that, SA treatment reduced weight 
loss percentage, decay incidence, increased 
marketable fruit percentage and maintained fruit 
firmness as compared with control during cold 
storage.

Fruit contents in ascorbic acid (AsA), total 
soluble solids (TSS), titratable acidity (TA) and 
TSS/TA ratio

Data in Tables 6, 7, 8 and 9 clearly indicate that, 
pre-storage exposure of ‘Canino’ apricot fruits to 
0.5 or 1 ppm of 1-MCP and SA dipping at 0.5 or 
1 mM concentration alone or in combinations 
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significantly decreased the deterioration of 
AsA and TA contents. Moreover, data cleared 
that, these treatments significantly slowed the 
increases of fruits contents in TSS and TSS/TA 
ratio as compared with untreated fruits (control) 
during the two seasons. However, non-significant 
differences were observed among co-applications 
of apricots contents in TA and TSS/TA ratio in the 
two seasons under this study. In addition, untreated 
fruits (control) showed an increase in TSS content 
up to 21 days of cold storage at 0°C followed by 
a decrease as compared to all treated fruits. Also, 
these results revealed that, ‘Canino’ apricots 
exposed to 0.5 ppm 1-MCP then dipped in SA at 
1 mM showed the highest contents of AsA (14.91 
& 14.69 mg/100 ml juice) and TA (1.48 & 1.43 
g malic acid/100 ml juice) with the lowest TSS 
(12.44 & 12.61 °Brix) and TSS/TA ratio (8.60 & 
8.94) in the first and second seasons, respectively. 
On contrary, untreated fruits (control) recorded 
the lowest fruit contents of AsA (12.30 & 12.25 
mg/100 ml juice) and TA (1.12 & 1.07 g malic 
acid/100 ml juice) as well as recorded the highest 
fruit contents of TSS (13.35 & 13.51 °Brix) and 
TSS/TA ratio (13.39 & 14.18) in 2015 and 2016 
seasons, respectively. 

Regarding the effect of storage period, our 
results declared that, AsA and TA contents of 
‘Canino’ apricots continuously and significantly 
declined with the progress of cold storage periods 
in both seasons (Tables 6 and 8). On the opposite, 
TSS fruit contents and TSS/TA ratio significantly 
increased with prolonging of storage period in 
both seasons (Tables 7 and 9). Our results in this 
study revealed that, minimum apricot contents of 
AsA (12.31 & 12.14 mg/100 ml juice) and TA 
(1.11 & 1.12 g malic acid/100 ml juice) in the first 
and second seasons, respectively were observed 
at the end of storage period at 0°C. On contrast, 
the highest content of TSS (14.16 & 14.29 °Brix) 
and TSS/TA ratio (16.25 & 17.75) in the first and 
second seasons, respectively were recorded at the 
end of cold storage period at 0°C. 

The interaction effect between pre-storage 
treatments and storage periods were showed 
significant differences at p≤0.05 for AsA, TSS, 
TA and TSS/TA ratio of ‘Canino’ apricot fruits in 
both seasons in this work.

Statistical data tabulated in Table 10 
demonstrate that, all pre-storage treatments 
especially combined treatments had the highest 

TABLE 6. Changes in ascorbic acid content (mg/100 ml juice) of ‘Canino’ apricots treated with exposure to 
1-methylcyclopropene (1-MCP) application, salicylic acid (SA) dipping and their combined treatments 
during cold storage at 0°C for 28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 15.94 a 13.04 h-n 11.94 mno 10.84 op 9.72 p 12.30 G
0.5 ppm 1-MCP 15.94 a 14.20 c-j 13.06 h-n 12.74 j-n 11.94 mno 13.58 EF
1 ppm 1-MCP 15.94 a 14.78 a-f 13.61 e-l 13.28 g-m 12.50 k-n 14.02 CDE
0.5 mM SA 15.94 a 13.91 d-k 12.78 j-n 12.47 k-n 11.67 no 13.35 F
1 mM SA 15.94 a 14.49 a-h 13.33 f-m 13.01 i-n 12.22 lmn 13.80 DEF
0.5 ppm 1-MCP + 0.5 mM SA 15.94 a 15.36 abc 14.72 a-g 14.09 c-j 13.33 f-m 14.69 AB
0.5 ppm 1-MCP + 1 mM SA 15.94 a 15.65 ab 15.00 a-e 14.36 b-i 13.61 e-l 14.91 A
1 ppm 1-MCP + 0.5 mM SA 15.94 a 14.78 a-f 14.17 c-j 13.55 f-l 12.78 j-n 14.24 BCD
1 ppm 1-MCP + 1 mM SA 15.94 a 15.07 a-d 14.44 b-i 13.82 d-k 13.06 h-n 14.47 ABC
Means 15.94 A 14.59 B 13.67 C 13.13 D 12.31 E

 Season 2016   
Distilled water (control) 15.69 a 12.95 g-l 11.92 lmn 10.85 o 9.84 p 12.25 F
0.5 ppm 1-MCP 15.69 a 13.77 d-h 13.01 g-l 12.43 i-n 11.75 mno 13.33 DE
1 ppm 1-MCP 15.69 a 14.33 b-f 13.55 e-i 12.96 g-l 12.30 j-n 13.76 CD
0.5 mM SA 15.69 a 13.22 f-j 12.74 h-m 12.43 i-n 11.48 no 13.11 E
1 mM SA 15.69 a 14.05 c-g 13.28 f-j 12.70 h-m 12.02 k-n 13.55 DE
0.5 ppm 1-MCP + 0.5 mM SA 15.69 a 15.15 abc 14.63 a-e 13.76 d-h 13.11 g-k 14.47 AB
0.5 ppm 1-MCP + 1 mM SA 15.69 a 15.43 ab 14.91 a-d 14.02 c-g 13.39 f-j 14.69 A
1 ppm 1-MCP + 0.5 mM SA 15.69 a 14.60 a-e 14.09 c-g 13.23 f-j 12.57 i-n 14.03 BC
1 ppm 1-MCP + 1 mM SA 15.69 a 14.88 a-d 14.36 b-f 13.49 e-i 12.84 h-m 14.25 AB
Means 15.69 A 14.26 B 13.61 C 12.87 D 12.14 E   
Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 
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TABLE 7. Changes in total soluble solids content (°Brix) of ‘Canino’ apricots treated with exposure to 
1-methylcyclopropene (1-MCP) application, salicylic acid (SA) dipping and their combined treatments 
during cold storage at 0°C for 28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 11.27 r 12.40 k-o 13.93 c-h 14.73 a 14.40 ab 13.35 A
0.5 ppm 1-MCP 11.27 r 12.13 m-p 12.60 kl 13.80 d-i 14.27 bc 12.81 BC
1 ppm 1-MCP 11.27 r 12.00 op 12.40 k-o 13.67 f-j 14.20 bcd 12.71 CDE
0.5 mM SA 11.27 r 12.20 l-p 12.67 k 13.93 c-h 14.33 bc 12.88 B
1 mM SA 11.27 r 12.07 nop 12.53 klm 13.73 e-i 14.20 bcd 12.76 BCD
0.5 ppm 1-MCP + 0.5 mM SA 11.27 r 11.80 pq 12.33 k-o 13.47 ij 14.00 b-g 12.57 EF
0.5 ppm 1-MCP + 1 mM SA 11.27 r 11.60 qr 12.20 l-p 13.33 j 13.80 d-i 12.44 F
1 ppm 1-MCP + 0.5 mM SA 11.27 r 11.93 pq 12.40 k-o 13.60 g-j 14.13 b-e 12.67 CDE
1 ppm 1-MCP + 1 mM SA 11.27 r 11.87 pq 12.47 k-n 13.53 hij 14.07 b-f 12.64 DE
Means 11.27 E 12.00 D 12.61 C 13.76 B 14.16 A

 Season 2016   
Distilled water (control) 11.40 q 12.73 jkl 14.00 def 14.93 a 14.47 b 13.51 A
0.5 ppm 1-MCP 11.40 q 12.40 lmn 12.87 j 13.87 d-g 14.53 b 13.01 BC
1 ppm 1-MCP 11.40 q 12.27 no 12.67 j-m 13.73 e-h 14.40 bc 12.89 CD
0.5 mM SA 11.40 q 12.47 k-n 12.93 j 14.00 def 14.60 b 13.08 B
1 mM SA 11.40 q 12.33 mno 12.80 jk 13.80 d-h 14.47 b 12.96 BC
0.5 ppm 1-MCP + 0.5 mM SA 11.40 q 12.07 op 12.60 j-m 13.53 hi 14.00 def 12.72 EF
0.5 ppm 1-MCP + 1 mM SA 11.40 q 11.87 p 12.47 k-n 13.40 i 13.93 def 12.61 F
1 ppm 1-MCP + 0.5 mM SA 11.40 q 12.20 no 12.67 j-m 13.67 f-i 14.13 cd 12.81 DE
1 ppm 1-MCP + 1 mM SA 11.40 q 12.13 nop 12.73 jkl 13.60 ghi 14.07 de 12.79 DE
Means 11.40 E 12.27 D 12.86 C 13.84 B 14.29 A   
Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively.
 

TABLE 8. Changes in titratable acidity content (g malic acid/100 ml juice) of ‘Canino’ apricots treated with 
exposure to 1-methylcyclopropene (1-MCP) application, salicylic acid (SA) dipping and their combined 
treatments during cold storage at 0°C for 28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 1.65 a 1.34 f-k 1.05 l 0.88 m 0.70 n 1.12 D
0.5 ppm 1-MCP 1.65 a 1.52 a-f 1.42 b-g 1.22 h-l 1.14 l 1.39 BC
1 ppm 1-MCP 1.65 a 1.54 a-e 1.44 b-f 1.24 g-l 1.16 kl 1.41 ABC
0.5 mM SA 1.65 a 1.50 a-f 1.37 d-i 1.18 jkl 1.12 l 1.36 C
1 mM SA 1.65 a 1.52 a-f 1.39 c-h 1.24 g-l 1.14 l 1.39 BC
0.5 ppm 1-MCP + 0.5 mM SA 1.65 a 1.59 abc 1.48 a-f 1.39 c-i 1.18 jkl 1.46 AB
0.5 ppm 1-MCP + 1 mM SA 1.65 a 1.61 ab 1.50 a-f 1.44 b-f 1.20 i-l 1.48 A
1 ppm 1-MCP + 0.5 mM SA 1.65 a 1.56 a-d 1.44 b-f 1.35 e-j 1.16 kl 1.43 ABC
1 ppm 1-MCP + 1 mM SA 1.65 a 1.56 a-d 1.46 a-f 1.37 d-i 1.18 jkl 1.45 AB
Means 1.65 A 1.53 B 1.39 C 1.26 D 1.11 E

 Season 2016   
Distilled water (control) 1.59 a 1.25 e-l 1.03 m 0.84 n 0.66 o 1.07 F
0.5 ppm 1-MCP 1.59 a 1.36 b-j 1.25 e-l 1.15 j-m 1.13 klm 1.29 DE
1 ppm 1-MCP 1.59 a 1.42 a-f 1.32 c-k 1.19 g-m 1.17 i-m 1.34 B-E
0.5 mM SA 1.59 a 1.34 b-k 1.23 f-m 1.13 klm 1.07 lm 1.27 E
1 mM SA 1.59 a 1.40 a-g 1.30 d-k 1.17 i-m 1.15 j-m 1.32 CDE
0.5 ppm 1-MCP + 0.5 mM SA 1.59 a 1.51 abc 1.38 a-h 1.33 b-k 1.23 f-m 1.41 AB
0.5 ppm 1-MCP + 1 mM SA 1.59 a 1.53 ab 1.43 a-f 1.37 b-i 1.25 e-l 1.43 A
1 ppm 1-MCP + 0.5 mM SA 1.59 a 1.44 a-e 1.36 b-i 1.24 f-l 1.19 h-m 1.36 A-D
1 ppm 1-MCP + 1 mM SA 1.59 a 1.47 a-d 1.38 a-h 1.28 d-k 1.23 f-m 1.39 ABC
Means 1.59 A 1.41 B 1.30 C 1.19 D 1.12 E   
Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 
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TABLE 9. Changes in total soluble solids/titratable acidity ratio of ‘Canino’ apricots treated with exposure to 
1-methylcyclopropene (1-MCP) application, salicylic acid (SA) dipping and their combined treatments 
during cold storage at 0°C for 28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 6.84 r 9.27 j-o 13.32 c 16.90 b 20.59 a 13.39 A
0.5 ppm 1-MCP 6.84 r 7.99 m-r 8.96 j-p 11.34 d-h 12.72 cde 9.57 BC
1 ppm 1-MCP 6.84 r 7.80 n-r 8.64 j-q 10.99 f-i 12.31 c-f 9.32 BC
0.5 mM SA 6.84 r 8.16 l-r 9.55 i-m 11.91 c-f 12.95 cd 9.88 B
1 mM SA 6.84 r 7.95 m-r 9.02 j-p 11.09 e-i 12.52 c-f 9.48 BC
0.5 ppm 1-MCP + 0.5 mM SA 6.84 r 7.44 pqr 8.34 k-r 9.68 i-l 12.05 c-f 8.87 CD
0.5 ppm 1-MCP + 1 mM SA 6.84 r 7.22 qr 8.13 l-r 9.29 j-n 11.51 d-g 8.60 D
1 ppm 1-MCP + 0.5 mM SA 6.84 r 7.64 n-r 8.64 j-q 10.09 g-j 12.24 c-f 9.09 CD
1 ppm 1-MCP + 1 mM SA 6.84 r 7.59 o-r 8.55 j-q 9.88 h-k 11.93 c-f 8.96 CD
Means 6.84 E 7.90 D 9.24 C 11.24 B 13.20 A

 Season 2016   
Distilled water (control) 7.19 q 10.23 h-n 13.72 c 17.81 b 21.94 a 14.18 A
0.5 ppm 1-MCP 7.19 q 9.14 l-p 10.32 g-n 12.11 c-g 13.44 cd 10.44 BC
1 ppm 1-MCP 7.19 q 8.64 n-q 9.70 j-o 11.60 e-i 12.40 c-f 9.91 CDE
0.5 mM SA 7.19 q 9.34 k-p 10.64 f-l 12.45 c-f 13.88 c 10.70 B
1 mM SA 7.19 q 8.93 l-q 9.89 i-o 11.87 d-h 12.69 cde 10.11 BCD
0.5 ppm 1-MCP + 0.5 mM SA 7.19 q 8.03 opq 9.12 l-p 10.22 h-n 11.43 e-j 9.20 EF
0.5 ppm 1-MCP + 1 mM SA 7.19 q 7.77 pq 8.74 m-q 9.80 i-o 11.19 e-j 8.94 F
1 ppm 1-MCP + 0.5 mM SA 7.19 q 8.59 n-q 9.30 k-p 11.05 e-k 11.93 d-h 9.61 DEF
1 ppm 1-MCP + 1 mM SA 7.19 q 8.28 opq 9.28 k-p 10.61 f-m 11.50 e-j 9.37 DEF
Means 7.19 E 8.77 D 10.08 C 11.95 B 13.38 A   

Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively.

TABLE 10. Changes in ascorbic acid (AsA), total soluble solids (TSS), titratable acidity (TA) and TSS/TA ratio 
contents of ‘Canino’ apricots treated with exposure to 1-methylcyclopropene (1-MCP) application, 
salicylic acid (SA) dipping and their combined treatments after cold storage at 0°C for 28 days and 
then transferred to about 25°C for 3 days shelf life

Pre-storage treatments

AsA 
(mg/100 ml juice)

TSS (°Brix)
TA 

(g malic acid/100 
ml juice)

TSS/TA ratio

Season 
2015

Season 
2016

Season 
2015

Season 
2016

Season 
2015

Season 
2016

Season 
2015

Season 
2016

Distilled water (control) 8.89 e 8.67 e 13.60 b 13.73 b 0.49 b 0.47 b 28.48 a 29.67 a
0.5 ppm 1-MCP 10.83 cd 10.84 cd 13.80 ab 14.27 a 0.89 a 0.83 a 15.47 b 17.42 b
1 ppm 1-MCP 11.67 bcd 11.38 bcd 13.93 ab 14.33 a 0.94 a 0.87 a 15.05 b 17.49 b
0.5 mM SA 10.56 d 10.57 d 13.73 ab 14.20 a 0.87 a 0.80 a 15.83 b 17.98 b
1 mM SA 11.39 bcd 11.11 bcd 13.87 ab 14.27 a 0.92 a 0.85 a 15.27 b 18.35 b
0.5 ppm 1-MCP + 0.5 mM SA 12.50 ab 12.47 ab 14.07 a 14.07 ab 1.01 a 0.98 a 14.03 b 14.50 b
0.5 ppm 1-MCP + 1 mM SA 13.06 a 13.01 a 14.00 a 14.13 a 1.05 a 1.03 a 13.47 b 13.94 b
1 ppm 1-MCP + 0.5 mM SA 11.94 abc 11.92 abcd 13.93 ab 14.00 ab 0.98 a 0.92 a 14.20 b 15.31 b
1 ppm 1-MCP + 1 mM SA 12.22 ab 12.20 abc 14.07 a 14.07 ab 0.98 a 0.94 a 14.49 b 15.04 b

Means followed by the same letters in each column for every season are not significantly different according to DMRT at level P ≤ 0.05.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 
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apricots contents of AsA and TA with slowed the 
increase in TSS/TA ratio as compared to control 
fruits after the end of cold storage (28 days) plus 
3 days shelf life at ambient temperature in the two 
seasons. Moreover, ‘Canino’ apricots treated with 
exposure to 0.5 or 1 ppm of 1-MCP, dipping in 
0.5 or 1 mM of SA and their combination showed 
the progressive increment in TSS content during 
shelf life as compared to untreated fruits (control).

The loss in AsA during prolonged storage of 
fruits seems to be due to the activation of enzymes 
like ascorbic acid oxidase that oxidized L-ascorbic 
acid into dehydroascorbic acid (Mapson, 1970). 
The increasing trends in TSS content of fruit in 
the initial storage intervals might be due to fruit 
ripening, while the reduction in this characteristic 
at later stage of storage may be due to degradation 
of soluble sugars into alcohols and water as a 
result of senescence process of fruits (Kays, 
1991). The increment amounts of TSS over the 
storage period could be due to the increasing in 
fruit weight loss (Ezzat, 2014). The decreasing 
patterns in TA during storage in the current 
study may be due to a reduction in the organic 
acids consumption or their conversion to sugars 
during respiratory metabolism and utilized by 
different enzymatic activities (Jan and Rab, 
2012). In addition, SA is effectively protected the 
cell walls by decreasing the degrading enzymes 
and consequence prevented the increase in TSS 
content of the cells (Asghari and Aghdam, 2010 
and Ezzat, 2014).

Our results are in similarity with the findings 
of Dong et al. (2002) on ‘Canino’ apricots and 
‘Royal Zee’ plums, Liu et al. (2005) and Tareen et 
al., (2012a, b) on peaches, Erkan and Eski (2012) 
on plums and Shi et al., (2013), Ezzat (2014) and 
Moradinezhad and Jahani (2016) on apricots. 
In addition, these results are in line with those 
obtained by Mohamed et al., (2016a) on oranges, 
Mohamed et al. (2016b) on mangoes and Özkaya 
et al. (2016) on nectarine fruits. They reported 
that, treated fruits with exposure to 1-MCP or SA 
dipping reduced losses in AsA and TA as well as 
constricted the changing rate of TSS and TSS/
TA ratio as compared to untreated fruits (control) 
during storage.

Fruit contents in total chlorophyll, total 
carotenoids and total phenolic

Data tabulated in Tables 11 and 12 illustrate 
that, pre-storage treatments with exposure of 
‘Canino’ apricots to 0.5 or 1 ppm of 1-MCP, SA 

dipping at 0.5 or 1 mM concentration and their 
combined application significantly delayed colour 
development of apricots. Therefore, treated 
fruits had greener than untreated fruits (control). 
Interestingly, ‘Canino’ apricots fruits exposed to a 
concentration of 0.5 ppm 1-MCP then its dipping 
in SA at 1 mM concentration constricting the 
changing rate of colour and showed maximum 
retention in total chlorophyll content (3.98 & 3.87 
mg/100 g FW) and minimum total carotenoids 
content (1.71 & 1.75 mg/100 g FW) in 2015 and 
2016 seasons, respectively. These results indicate 
that, untreated ‘Canino’ apricots (control) turned 
to completely yellow because of hastened ripening 
process. On the other side, data in Table 13 reveal 
that, total phenolic content of ‘Canino’ apricots 
significantly increased in all treated apricot fruits 
especially combined treatments than control fruits 
during the two seasons. Moreover, maximum 
total phenolic content (61.21 & 61.52 mg gallic 
acid/100 g FW) was observed in exposure apricots 
to 0.5 ppm of 1-MCP then its dipping in SA at 1 
mM concentration in the first and second seasons, 
respectively. In untreated fruits (control), total 
carotenoids and total phenolic contents increased 
up to 14 and 21 days, respectively at 0°C then 
decreased till end of cold storage period (Tables 12 
and 13). In this concern, untreated fruits (control) 
recorded the minimum retention of fruit content in 
total chlorophyll (2.58 & 2.27 mg/100 g FW) and 
maximum total carotenoids content (1.81 & 1.84 
mg/100 g FW) as well as recorded the minimum 
total phenolic content (54.69 & 53.79 mg gallic 
acid/100 g FW) in the first and second seasons, 
respectively.

As for the effect of storage period, variability 
in colour of ‘Canino’ apricots from yellowish 
green to yellow increased with advanced of cold 
storage period in both seasons under this study. 
In this concern, the minimal chlorophyll content 
(2.99 & 2.85 mg/100 g FW) and maximal total 
carotenoids content (1.86 & 1.89 mg/100 g FW) in 
apricots were observed after 28 days at 0°C in the 
first and second seasons, respectively (Tables 11 
and 12). On the other hand, total phenolic content 
of apricots showed an increase during initial 
stages of cold storage at 0°C up to 21 days (63.94 
& 63.58 mg gallic acid/100 g FW) followed by a 
decline up to the end of cold storage period (60.44 
& 60.64 mg gallic acid/100 g FW) in 2015 and 
2016 seasons, respectively.

Referring to the interaction effect, significant 
differences were found between pre-storage 
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TABLE 11. Changes in total chlorophyll content (mg/100 g FW) of ‘Canino’ apricots treated with exposure to 
1-methylcyclopropene (1-MCP) application, salicylic acid (SA) dipping and their combined treatments 
during cold storage at 0°C for 28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 4.35 a 2.87 q 2.55 r 1.87 s 1.26 t 2.58 F
0.5 ppm 1-MCP 4.35 a 3.78 e-j 3.61 jkl 3.32 m 3.04 opq 3.62 DE
1 ppm 1-MCP 4.35 a 3.93 c-g 3.69 h-k 3.41 lm 3.11 nop 3.70 CD
0.5 mM SA 4.35 a 3.75 f-k 3.57 jkl 3.27 mn 2.97 pq 3.58 E
1 mM SA 4.35 a 3.89 d-h 3.66 ijk 3.40 lm 3.09 nop 3.68 D
0.5 ppm 1-MCP + 0.5 mM SA 4.35 a 4.12 bc 3.88 d-h 3.73 g-k 3.41 lm 3.90 A
0.5 ppm 1-MCP + 1 mM SA 4.35 a 4.21 ab 3.95 c-f 3.82 e-i 3.57 jkl 3.98 A
1 ppm 1-MCP + 0.5 mM SA 4.35 a 3.98 cde 3.74 f-k 3.55 kl 3.22 mno 3.77 BC
1 ppm 1-MCP + 1 mM SA 4.35 a 4.04 bcd 3.76 f-k 3.63 ijk 3.25 mn 3.81 B
Means 4.35 A 3.84 B 3.60 C 3.33 D 2.99 E

 Season 2016   
Distilled water (control) 4.17 a 2.56 p 2.26 q 1.38 r 0.96 s 2.27 E
0.5 ppm 1-MCP 4.17 a 3.70 e-i 3.53 ij 3.15 kl 2.81 no 3.47 D
1 ppm 1-MCP 4.17 a 3.84 b-f 3.70 e-i 3.29 k 3.02 lm 3.61 C
0.5 mM SA 4.17 a 3.66 f-j 3.48 j 3.12 kl 2.75 o 3.44 D
1 mM SA 4.17 a 3.80 c-f 3.66 f-j 3.24 k 2.93 mn 3.56 C
0.5 ppm 1-MCP + 0.5 mM SA 4.17 a 3.94 bc 3.77 c-g 3.59 g-j 3.26 k 3.75 B
0.5 ppm 1-MCP + 1 mM SA 4.17 a 4.02 ab 3.88 b-e 3.73 d-i 3.56 hij 3.87 A
1 ppm 1-MCP + 0.5 mM SA 4.17 a 3.89 b-e 3.71 e-i 3.49 j 3.15 kl 3.68 B
1 ppm 1-MCP + 1 mM SA 4.17 a 3.92 bcd 3.75 c-h 3.54 ij 3.20 kl 3.72 B
Means 4.17 A 3.70 B 3.53 C 3.17 D 2.85 E   
Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 

TABLE 12. Changes in total carotenoids content (mg/100 g FW) of ‘Canino’ apricots treated with exposure to 
1-methylcyclopropene (1-MCP) application, salicylic acid (SA) dipping and their combined treatments 
during cold storage at 0°C for 28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 1.62 m 1.84 a-f 1.90 ab 1.87 a-d 1.83 a-f 1.81 A
0.5 ppm 1-MCP 1.62 m 1.74 e-l 1.80 a-j 1.88 ab 1.92 a 1.79 ABC
1 ppm 1-MCP 1.62 m 1.69 i-m 1.75 d-l 1.83 a-f 1.87 a-d 1.75 BCD
0.5 mM SA 1.62 m 1.75 d-l 1.81 a-i 1.89 ab 1.91 a 1.80 AB
1 mM SA 1.62 m 1.70 h-m 1.75 c-l 1.84 a-f 1.87 abc 1.76 BCD
0.5 ppm 1-MCP + 0.5 mM SA 1.62 m 1.66 klm 1.72 f-m 1.80 a-j 1.84 a-f 1.73 D
0.5 ppm 1-MCP + 1 mM SA 1.62 m 1.64 lm 1.70 g-m 1.78 b-k 1.82 a-g 1.71 D
1 ppm 1-MCP + 0.5 mM SA 1.62 m 1.68 j-m 1.74 e-m 1.82 a-h 1.86 a-e 1.74 CD
1 ppm 1-MCP + 1 mM SA 1.62 m 1.67 klm 1.72 f-m 1.81 a-i 1.84 a-f 1.73 D
Means 1.62 D 1.71 C 1.76 B 1.84 A 1.86 A

 Season 2016   
Distilled water (control) 1.65 h 1.90 ab 1.94 a 1.86 a-f 1.84 a-g 1.84 A
0.5 ppm 1-MCP 1.65 h 1.81 a-g 1.84 a-g 1.90 abc 1.94 a 1.83 AB
1 ppm 1-MCP 1.65 h 1.76 c-h 1.79 b-h 1.84 a-g 1.89 a-d 1.79 ABC
0.5 mM SA 1.65 h 1.82 a-g 1.85 a-g 1.90 abc 1.95 a 1.83 AB
1 mM SA 1.65 h 1.76 b-h 1.79 b-g 1.85 a-g 1.90 abc 1.79 ABC
0.5 ppm 1-MCP + 0.5 mM SA 1.65 h 1.73 fgh 1.76 b-h 1.82 a-g 1.86 a-f 1.76 C
0.5 ppm 1-MCP + 1 mM SA 1.65 h 1.71 gh 1.74 e-h 1.80 b-g 1.84 a-g 1.75 C
1 ppm 1-MCP + 0.5 mM SA 1.65 h 1.75 d-h 1.78 b-h 1.83 a-g 1.88 a-e 1.78 BC
1 ppm 1-MCP + 1 mM SA 1.65 h 1.73 fgh 1.76 b-h 1.82 a-g 1.87 a-f 1.77 C
Means 1.65 D 1.77 C 1.81 BC 1.85 B 1.89 A   
Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT. 
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 
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TABLE 13. Changes in total phenolic content (mg gallic acid/100 g FW) of ‘Canino’ apricots treated with exposure 
to 1-methylcyclopropene (1-MCP) application, salicylic acid (SA) dipping and their combined 
treatments during cold storage at 0°C for 28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 49.07 q 55.92 o 59.10 i-o 56.85 no 52.49 p 54.69 E
0.5 ppm 1-MCP 49.07 q 56.79 no 61.51 e-l 63.27 b-g 58.85 j-o 57.90 CD
1 ppm 1-MCP 49.07 q 57.44 no 61.95 c-k 65.53 abc 59.95 f-n 58.79 BC
0.5 mM SA 49.07 q 56.28 no 61.21 e-m 62.51 c-i 56.82 no 57.18 D
1 mM SA 49.07 q 57.14 no 61.64 d-l 64.08 a-e 59.22 h-o 58.23 CD
0.5 ppm 1-MCP + 0.5 mM SA 49.07 q 58.37 k-o 62.76 c-h 65.50 abc 64.20 a-e 59.98 AB
0.5 ppm 1-MCP + 1 mM SA 49.07 q 59.65 g-n 63.49 b-f 67.23 a 66.60 ab 61.21 A
1 ppm 1-MCP + 0.5 mM SA 49.07 q 57.91 mno 62.46 c-j 65.22 a-d 62.04 c-j 59.34 BC
1 ppm 1-MCP + 1 mM SA 49.07 q 58.10 l-o 62.63 c-i 65.30 a-d 63.81 a-e 59.78 AB
Means 49.07 E 57.51 D 61.86 B 63.94 A 60.44 C

 Season 2016   
Distilled water (control) 50.39 n 55.22 lm 58.41 i-l 54.35 m 50.56 n 53.79 F
0.5 ppm 1-MCP 50.39 n 56.16 lm 61.74 e-h 63.48 b-g 59.46 h-k 58.25 DE
1 ppm 1-MCP 50.39 n 56.81 klm 62.72 c-h 64.41 a-e 60.72 f-i 59.01 BCD
0.5 mM SA 50.39 n 56.02 lm 60.11 g-j 62.39 c-h 57.37 j-m 57.26 E
1 mM SA 50.39 n 56.51 klm 62.53 c-h 64.29 a-e 60.27 g-j 58.80 CD
0.5 ppm 1-MCP + 0.5 mM SA 50.39 n 58.08 i-l 62.99 b-g 65.71 abc 64.69 a-e 60.37 AB
0.5 ppm 1-MCP + 1 mM SA 50.39 n 59.52 h-k 63.88 b-f 67.50 a 66.32 ab 61.52 A
1 ppm 1-MCP + 0.5 mM SA 50.39 n 57.40 j-m 62.19 d-h 64.93 a-e 62.91 c-g 59.56 BCD
1 ppm 1-MCP + 1 mM SA 50.39 n 57.47 i-m 62.53 c-h 65.17 a-d 63.49 b-g 59.81 BC
Means 50.39 E 57.02 D 61.90 B 63.58 A 60.64 C   

Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 

TABLE 14. Changes in total chlorophyll, total carotenoids and total phenolic contents of ‘Canino’ apricots treated 
with exposure to 1-methylcyclopropene (1-MCP) application, salicylic acid (SA) dipping and their 
combined treatments after cold storage at 0°C for 28 days and then transferred to about 25°C for 3 
days shelf life

Pre-storage treatments
Total chlorophyll content 

(mg/100 g FW)
Total carotenoids content 

(mg/100 g FW)
Total phenolic content 

(mg gallic acid/100 g FW)

Season 2015 Season 2016 Season 2015 Season 2016 Season 2015 Season 2016

Distilled water (control) 0.73 f 0.61 f 1.80 c 1.82 b 48.54 e 46.25 f
0.5 ppm 1-MCP 2.74 de 2.44 de 1.95 a 1.95 a 54.53 d 54.94 d
1 ppm 1-MCP 2.87 d 2.60 d 1.93 ab 1.94 a 55.63 cd 55.37 d
0.5 mM SA 2.70 e 2.41 e 1.96 a 1.96 a 52.50 de 53.02 e
1 mM SA 2.85 d 2.52 de 1.94 ab 1.94 a 54.90 d 55.25 d
0.5 ppm 1-MCP + 0.5 mM SA 3.14 b 2.95 b 1.91 ab 1.95 a 61.83 ab 62.67 b
0.5 ppm 1-MCP + 1 mM SA 3.27 a 3.16 a 1.89 b 1.93 a 64.89 a 64.73 a
1 ppm 1-MCP + 0.5 mM SA 3.00 c 2.78 c 1.92 ab 1.96 a 59.17 bc 59.82 c
1 ppm 1-MCP + 1 mM SA 3.07 bc 2.82 bc 1.91 ab 1.95 a 60.94 ab 60.09 c

Means followed by the same letters in each column for every season are not significantly different according to DMRT at level P ≤ 0.05.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 
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treatments and storage periods at p≤0.05 for total 
chlorophyll, total carotenoids and total phenolic 
contents of ‘Canino’ apricots in the two seasons 
under this study. 

As shown in Table 14, data reveal that, all 
studied pre-storage treatments significantly 
reduced the deterioration of total chlorophyll, 
total carotenoids and total phenolic contents as 
compared to control fruits at the end of storage 
at 0°C (28 days) plus 3 days shelf life at ambient 
temperature in both seasons. In addition, treated 
‘Canino’ apricots with 0.5 ppm of 1-MCP 
then its dipping in SA at 1 mM was the most 
effective treatment in constricting these changes 
during shelf life in the two seasons. However, a 
continuous decrease in total phenolic content was 
noticed in all treatments including control after 
28 days at 0°C plus 3 days shelf life at ambient 
temperature in both seasons. 

The loss of chlorophyll content attributed to 
the breakdown of the chlorophyll structure and 
increases in chlorophyllase enzyme activity of 
pigments (Wills et al., 1998). In this research, 
the higher colour retention of ‘Canino’ apricots 
treated with either 0.5 or 1 ppm of 1-MCP, dipped 
in SA at either 0.5 or 1 mM and especially their 
combined treatments could be attributed to 
slowing the change of chlorophyll into carotenoids 
during storage by the reduction of chlorophyll 
degrading enzyme activities (Cheng et al., 2012). 
While the decline in total carotenoids content of 
apricots in control fruit might be due to the fruit 
senescence as documented by (De Rigal et al., 
2000). Moreover, 1-MCP and SA treatments acts 
as an efficient ethylene antagonist persist for a 
long time and it can delay the peaks of respiration 
and ethylene production, thus slow down the 
ripening process of fruits (Sisler and Serek, 1997 
and Srivastava and Dwivedi, 2000). Therefore, 
treated apricots with 1-MCP, SA and especially 
combination treatments constricted the variability 
in colour of ‘Canino’ apricots by slowed down 
ripening process during storage. The reduction of 
phenolic compounds at the end of storage might 
be attributing to breakdown of cell structure at 
senescence stage of fruit (Macheix et al., 1990).

In apricots, 1-MCP treatment exhibited less 
colour change by significantly delayed chlorophyll 
breakdown and treated fruits were greener than 
untreated fruits (Fan et al., 2000). Moreover, 
1-MCP treatments at different doses (0.25 to 1 
µL/L) were effective in delaying fruit colour 
development of apricots during cold storage at 
1°C and shelf life as compared to untreated fruits 
(Valero et al., 2005). Nonetheless, Dong et al. 

(2002) found that, the application of 1-MCP not 
affected in colour changes of apricot. In addition, 
our results in the present study are in agreement 
with the outcome of Ali et al. (2013), Ezzat 
(2014) and Moradinezhad and Jahani (2016) they 
reported that, dipping apricots in SA treatments 
showed significant positive effect on the retention 
of colour than control fruits. Furthermore, these 
results are in line with the obtained by Fawbush 
et al. (2009) who reported that, treated ‘Empire’ 
apples with 1-MCP showed a significant higher 
in total phenolic content in the peel and flesh than 
untreated fruits during cold storage at 0.5°C for 
five months. Also, our results are in agreement 
with the previous studies of Ali et al. (2014) and 
Ezzat (2014) on apricots they realized that, fruit 
total phenolic content was significantly higher in 
treated fruit with SA than control fruit during cold 
storage and shelf life.

Effect of pre-storage applications of exposure to 
1-methylcyclopropene (1-MCP), salicylic acid 
(SA) dipping and their combinations on superoxide 
dismutase (SOD), catalase (CAT), peroxidase 
(POX) and pectin methylesterase (PME) enzymes 
specific activities of ‘Canino’ apricot fruits during 
cold storage and shelf life 

Changes in specific activities of antioxidant 
enzymes of SOD, CAT, POX and hydrolytic 
enzyme of PME in ‘Canino’ apricot fruits during 
cold storage period at 0°C shown in Tables 15, 16, 
17 and 18. Pre-storage application with exposure 
‘Canino’ apricot fruits to 0.5 or 1 ppm of 1-MCP 
or dipping in SA at 0.5 or 1 mM concentration 
significantly increased the activities of SOD, CAT 
and POX enzymes during cold storage period 
as compared to untreated treatments (control). 
Contrary, these treatments were significantly 
decreased the activity of PME enzyme during cold 
storage period as compared to control treatments. 
In addition, the combination treatments were more 
effective in this aspect than individual treatments 
under this experiment. 

Data also reveal that, exposure ‘Canino’ 
apricots to 0.5 ppm of 1-MCP followed by 
dipping in SA at 1 mM concentration showed a 
higher significant in activity of SOD (19.83 & 
20.96 units mg-1 protein), CAT (0.95 & 0.96 µmol 
min-1 mg-1 protein) and POX (20.56 & 20.45 
µmol min-1 mg-1 protein) enzymes. In addition, 
this application emerged a significant lower in 
activity of PME enzyme (24.92 & 25.94 µmol 
methyl ester min-1 mg-1 protein) in the first and 
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TABLE 15. Changes in specific activity of superoxide dismutase enzyme (units mg-1 protein) of ‘Canino’ apricots 
treated with exposure to 1-methylcyclopropene (1-MCP) application, salicylic acid (SA) dipping and 
their combined treatments during cold storage at 0°C for 28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 16.01 no 16.31 mno 16.88 klm 16.06 no 15.82 o 16.22 G
0.5 ppm 1-MCP 16.01 no 16.64 lmn 17.35 jkl 17.85 ij 19.14 fgh 17.40 E
1 ppm 1-MCP 16.01 no 16.70 lmn 17.58 jk 18.47 hi 19.64 def 17.68 DE
0.5 mM SA 16.01 no 16.21 mno 16.90 klm 17.59 jk 18.48 hi 17.04 F
1 mM SA 16.01 no 16.65 lmn 17.53 jk 18.43 hi 19.57 def 17.64 DE
0.5 ppm 1-MCP + 0.5 mM SA 16.01 no 17.10 jkl 18.98 fgh 19.91 de 22.98 b 19.00 B
0.5 ppm 1-MCP + 1 mM SA 16.01 no 17.51 jk 19.39 efg 21.00 c 25.22 a 19.83 A
1 ppm 1-MCP + 0.5 mM SA 16.01 no 16.92 klm 17.71 j 18.82 gh 20.21 d 17.93 CD
1 ppm 1-MCP + 1 mM SA 16.01 no 16.72 lmn 17.78 ij 19.01 fgh 21.56 c 18.22 C
Means 16.01 E 16.75 D 17.79 C 18.57 B 20.29 A

 Season 2016   
Distilled water (control) 16.21 u 16.78 st 17.19 qrs 16.37 tu 16.13 u 16.54 G
0.5 ppm 1-MCP 16.21 u 17.21 qrs 18.32 o 19.39 lmn 20.39 hij 18.30 F
1 ppm 1-MCP 16.21 u 17.48 qr 18.49 o 19.83 jkl 21.77 ef 18.76 DE
0.5 mM SA 16.21 u 16.92 rs 18.11 op 19.19 mn 20.07 ijk 18.10 F
1 mM SA 16.21 u 17.12 qrs 18.50 o 19.73 klm 21.59 ef 18.63 E
0.5 ppm 1-MCP + 0.5 mM SA 16.21 u 17.65 pq 19.86 jkl 21.34 fg 23.72 b 19.75 B
0.5 ppm 1-MCP + 1 mM SA 16.21 u 18.06 op 20.93 gh 22.99 c 26.63 a 20.96 A
1 ppm 1-MCP + 0.5 mM SA 16.21 u 17.27 qrs 19.11 n 20.12 ijk 21.99 de 18.94 D
1 ppm 1-MCP + 1 mM SA 16.21 u 17.47 qr 19.32 lmn 20.57 hi 22.51 cd 19.22 C
Means 16.21 E 17.33 D 18.87 C 19.95 B 21.64 A   
Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 

TABLE 16. Changes in specific activity of catalase enzyme (µmol min-1 mg-1 protein) of ‘Canino’ apricots treated 
with exposure to 1-methylcyclopropene (1-MCP) application, salicylic acid (SA) dipping and their 
combined treatments during cold storage at 0°C for 28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 0.78 s 0.86 k-n 0.89 g-j 0.86 k-n 0.84 m-q 0.84 F
0.5 ppm 1-MCP 0.78 s 0.83 o-s 0.88 i-l 0.91 e-h 0.89 f-j 0.86 EF
1 ppm 1-MCP 0.78 s 0.83 p-s 0.87 j-m 0.92 e 0.91 efg 0.86 DE
0.5 mM SA 0.78 s 0.84 n-r 0.88 h-k 0.89 e-i 0.89 g-j 0.86 EF
1 mM SA 0.78 s 0.83 p-s 0.87 i-m 0.92 ef 0.91 e-h 0.86 DE
0.5 ppm 1-MCP + 0.5 mM SA 0.78 s 0.81 rs 0.85 k-o 0.95 e 1.27 b 0.93 B
0.5 ppm 1-MCP + 1 mM SA 0.78 s 0.80 s 0.84 l-p 0.98 d 1.34 a 0.95 A
1 ppm 1-MCP + 0.5 mM SA 0.78 s 0.82 qrs 0.86 j-n 0.93 ef 1.01 d 0.88 D
1 ppm 1-MCP + 1 mM SA 0.78 s 0.82 qrs 0.86 k-n 0.95 ef 1.05 c 0.89 C
Means 0.78 E 0.83 D 0.87 C 0.92 B 1.01 A

 Season 2016   
Distilled water (control) 0.76 q 0.84 j-p 0.88 e-k 0.85 j-o 0.83 k-q 0.83 E
0.5 ppm 1-MCP 0.76 q 0.80 m-q 0.87 f-l 0.90 e-i 0.89 e-k 0.85 DE
1 ppm 1-MCP 0.76 q 0.80 m-q 0.85 h-n 0.92 ef 0.91 e-h 0.85 DE
0.5 mM SA 0.76 q 0.82 l-q 0.87 e-l 0.90 e-j 0.88 e-k 0.85 DE
1 mM SA 0.76 q 0.80 m-q 0.86 g-m 0.92 efg 0.91 e-i 0.85 DE
0.5 ppm 1-MCP + 0.5 mM SA 0.76 q 0.78 pq 0.84 j-p 0.93 e 1.25 b 0.91 B
0.5 ppm 1-MCP + 1 mM SA 0.76 q 0.77 q 0.83 k-p 1.02 d 1.40 a 0.96 A
1 ppm 1-MCP + 0.5 mM SA 0.76 q 0.79 n-q 0.85 i-o 0.92 efg 1.00 d 0.87 CD
1 ppm 1-MCP + 1 mM SA 0.76 q 0.79 opq 0.84 j-o 0.93 ef 1.10 c 0.88 C
Means 0.76 E 0.80 D 0.86 C 0.92 B 1.02 A   
Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 
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TABLE 17. Changes in specific activity of peroxidase enzyme (µmol min-1 mg-1 protein) enzyme of ‘Canino’ apricots 
treated with exposure to 1-methylcyclopropene (1-MCP) application, salicylic acid (SA) dipping and 
their combined treatments during cold storage at 0°C for 28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 15.77 p 16.03 p 18.73 kl 17.02 m 16.65 mn 16.84 F
0.5 ppm 1-MCP 15.77 p 16.43 no 18.80 jkl 21.69 f 20.40 h 18.62 D
1 ppm 1-MCP 15.77 p 16.53 n 18.91 jk 21.86 ef 20.58 h 18.73 D
0.5 mM SA 15.77 p 16.08 op 18.46 l 20.98 g 19.16 j 18.09 E
1 mM SA 15.77 p 16.47 n 18.84 jkl 21.80 ef 20.51 h 18.68 D
0.5 ppm 1-MCP + 0.5 mM SA 15.77 p 16.68 mn 19.91 i 23.35 c 24.50 b 20.04 B
0.5 ppm 1-MCP + 1 mM SA 15.77 p 16.73 mn 19.96 i 24.34 b 26.02 a 20.56 A
1 ppm 1-MCP + 0.5 mM SA 15.77 p 16.58 n 19.81 i 22.74 d 22.05 ef 19.39 C
1 ppm 1-MCP + 1 mM SA 15.77 p 16.63 mn 19.86 i 22.95 d 22.12 e 19.46 C
Means 15.77 E 16.46 D 19.25 C 21.86 A 21.33 B

 Season 2016   
Distilled water (control) 15.64 m 16.19 lm 18.66 i 17.11 j 16.48 jkl 16.82 F
0.5 ppm 1-MCP 15.64 m 16.68 jkl 18.99 i 21.31 d 20.06 efg 18.54 D
1 ppm 1-MCP 15.64 m 16.78 jkl 19.09 hi 21.43 d 20.61 e 18.71 D
0.5 mM SA 15.64 m 16.33 kl 18.64 i 20.55 ef 19.73 gh 18.18 E
1 mM SA 15.64 m 16.72 jkl 19.02 i 21.36 d 20.55 ef 18.66 D
0.5 ppm 1-MCP + 0.5 mM SA 15.64 m 16.94 jkl 19.87 fg 22.92 c 24.36 b 19.95 B
0.5 ppm 1-MCP + 1 mM SA 15.64 m 16.98 jk 19.92 efg 23.77 b 25.94 a 20.45 A
1 ppm 1-MCP + 0.5 mM SA 15.64 m 16.83 jkl 19.77 gh 22.65 c 22.43 c 19.46 C
1 ppm 1-MCP + 1 mM SA 15.64 m 16.89 jkl 19.82 fg 22.85 c 22.50 c 19.54 C
Means 15.64 D 16.70 C 19.31 B 21.55 A 21.41 A   
Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 

TABLE 18. Changes in specific activity of pectin methylesterase enzyme (µmol methyl ester min-1 mg-1 protein) of 
‘Canino’ apricots treated with exposure to 1-methylcyclopropene (1-MCP) application, salicylic acid 
(SA) dipping and their combined treatments during cold storage at 0°C for 28 days

Pre-storage treatments
Storage period (days)   

0 7 14 21 28 Means
Season 2015   

Distilled water (control) 16.68 m 21.80 jk 35.73 g 74.15 b 121.97 a 54.07 A
0.5 ppm 1-MCP 16.68 m 19.00 l 22.95 jk 36.70 g 61.13 c 31.29 B
1 ppm 1-MCP 16.68 m 18.84 l 22.78 jk 36.47 g 60.81 c 31.11 B
0.5 mM SA 16.68 m 19.05 l 23.00 j 36.77 g 61.22 c 31.34 B
1 mM SA 16.68 m 18.90 l 22.84 jk 36.56 g 60.93 c 31.18 B
0.5 ppm 1-MCP + 0.5 mM SA 16.68 m 18.35 l 21.67 jk 27.57 hi 44.90 e 25.83 D
0.5 ppm 1-MCP + 1 mM SA 16.68 m 18.29 l 21.60 k 26.64 i 41.40 f 24.92 E
1 ppm 1-MCP + 0.5 mM SA 16.68 m 18.53 l 22.00 jk 28.42 h 47.34 d 26.60 C
1 ppm 1-MCP + 1 mM SA 16.68 m 18.37 l 21.69 jk 28.01 h 46.98 d 26.34 CD
Means 16.68 E 19.01 D 23.81 C 36.81 B 60.74 A

 Season 2016   
Distilled water (control) 16.74 m 22.94 k 37.13 g 78.56 b 123.25 a 55.72 A
0.5 ppm 1-MCP 16.74 m 19.13 l 24.95 j 38.11 g 63.25 c 32.43 B
1 ppm 1-MCP 16.74 m 18.96 l 24.76 j 37.87 g 62.92 c 32.25 B
0.5 mM SA 16.74 m 19.17 l 25.00 j 38.18 g 63.34 c 32.48 B
1 mM SA 16.74 m 19.03 l 24.83 j 37.96 g 63.04 c 32.32 B
0.5 ppm 1-MCP + 0.5 mM SA 16.74 m 18.82 l 22.53 k 29.78 h 46.08 e 26.79 D
0.5 ppm 1-MCP + 1 mM SA 16.74 m 18.75 l 22.46 k 28.79 i 42.95 f 25.94 E
1 ppm 1-MCP + 0.5 mM SA 16.74 m 18.85 l 23.08 k 30.70 h 48.55 d 27.58 C
1 ppm 1-MCP + 1 mM SA 16.74 m 18.84 l 22.55 k 30.25 h 47.91 d 27.26 C
Means 16.74 E 19.39 D 25.25 C 38.91 B 62.36 A   
Means followed by the same letters within pre-storage treatments, storage periods and their interactions in each season are not significantly 
different at level P ≤ 0.05 according to DMRT.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 
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second seasons, respectively under this study. In 
control fruits, the peak in activity of SOD, CAT 
and POX enzymes of ‘Canino’ apricots observed 
at 14 days of cold storage at 0°C. Then, these 
activities began to show a slow downward trend 
till end of cold storage period and recorded the 
minimum activates of SOD (16.22 & 16.54 units 
mg-1 protein), CAT (0.84 & 0.83 µmol min-1 
mg-1 protein) and POX (16.84 & 16.82 µmol 
min-1 mg-1 protein) enzymes in 2015 and 2016 
seasons, respectively. While, the peak in activities 
of these enzymes were recorded a week later by 
treated with either 1-MCP or SA alone (Tables 
15, 16 and 17). In addition, treated ‘Canino’ 

apricot fruits with 1-MCP, SA and their combined 
treatments showed an increase in activity of SOD 
enzyme till end of cold storage at 0°C (Table 15). 
Furthermore, treated apricots with exposure to 0.5 
ppm of 1-MCP for 24 hours then dipped in either 
0.5 mM or 1 mM concentration of SA for 5 min 
showed a gradual increase in activities of CAT 
and POX enzyme till end of cold storage period 
at 0°C in the two seasons under this experiment 
(Tables 16 and 17). 

Concerning the effect of storage period, with 
the extension of the storage period at 0°C, there 
were an upward trend in activities of SOD, CAT 

TABLE 19. Changes in specific activities of superoxide dismutase (SOD), catalase (CAT), peroxidase (POX) and pectin 
methylesterase (PME) enzymes of ‘Canino’ apricots treated with exposure to 1-methylcyclopropene (1-
MCP) application, salicylic acid (SA) dipping and their combined treatments after cold storage at 0°C 
for 28 days and then transferred to about 25°C for 3 days shelf life

Pre-storage treatments

SOD 
(units mg-1 protein)

CAT 
(µmol min-1 mg-1 

protein)

POX 
(µmol min-1 mg-1 

protein)

PME (µmol methyl 
ester min-1 mg-1 

protein)
Season 
2015

Season 
2016

Season 
2015

Season 
2016

Season 
2015

Season 
2016

Season 
2015

Season 
2016

Distilled water (control) 15.57 e 15.88 f 0.81 f 0.80 g 15.83 f 15.70 f 179.47 a 184.34 a
0.5 ppm 1-MCP 22.02 cd 22.85 cd 0.88 e 0.88 ef 18.31 d 18.60 d 102.81 c 105.37 bc
1 ppm 1-MCP 22.39 c 23.50 c 0.90 e 0.90 e 18.49 d 18.77 d 101.42 c 103.47 c
0.5 mM SA 21.66 cd 21.39 e 0.86 ef 0.86 f 17.60 e 17.88 e 105.25 b 107.48 b
1 mM SA 22.38 c 23.43 c 0.89 e 0.90 e 18.42 d 18.70 d 101.90 c 103.79 c
0.5 ppm 1-MCP + 0.5 mM SA 24.15 b 25.29 b 1.21 b 1.19 b 25.00 b 24.02 b 66.22 e 67.39 e
0.5 ppm 1-MCP + 1 mM SA 27.48 a 28.80 a 1.32 a 1.38 a 27.54 a 27.03 a 58.69 f 59.67 f
1 ppm 1-MCP + 0.5 mM SA 21.50 d 22.12 de 0.96 d 0.96 d 21.50 c 21.68 c 73.60 d 76.83 d
1 ppm 1-MCP + 1 mM SA 22.46 c 23.75 c 1.05 c 1.07 c 21.57 c 21.75 c 72.97 d 75.39 d
Means followed by the same letters in each column for every season are not significantly different according to DMRT at level P ≤ 0.05.
The duration of the exposure to 1-MCP and SA dipping were 24 hours and 5 minutes, respectively. 

and PME enzymes of ‘Canino’ apricots (Tables 
15, 16 and 18). Data also revealed that, the 
highest activities of SOD (20.29 & 21.64 units 
mg-1 protein), CAT (1.01 & 1.02 µmol min-1 mg-1 
protein) and PME (60.74 & 62.36 µmol methyl 
ester min-1 mg-1 protein) enzymes were recorded 
after 28 days of cold storage at 0°C in the first 
and second seasons, respectively. On contrary, 
the activity of POX enzymes showed an upward 
trend through the cold storage up to 21 days of 
cold storage (21.86 & 21.55 µmol min-1 mg-1 
protein) then the activity started decreasing till 
end of cold storage period (21.33 & 21.41 µmol 
min-1 mg-1 protein) in the two seasons, respectively 
(Table 17). Regarding to the interaction effect, 
significant differences were found between pre-
storage treatments and storage periods at p≤0.05 

for specific activities of SOD, CAT, POX and PME 
enzymes in both seasons in this study. 

Statistical data in Table 19 emerge that, all pre-
storage treatments of ‘Canino’ apricots showed 
significant increment in activities of antioxidant 
enzymes of SOD, CAT and POX in comparison 
with those untreated fruits (control) after 28 days 
at 0°C plus 3 days shelf life at ambient temperature 
~25°C. On contrary, these treatments had a 
significant decrease in PME activity as compared 
to control fruits after 28 days at 0°C plus 3 days 
shelf life. Moreover, these data also cleared that, 
the combination treatment of exposure ‘Canino’ 
apricots to 0.5 ppm of 1-MCP then its dipping in 
1 mM concentration of SA was more effective in 
this aspect. However, after end of cold storage (28 
days) and during shelf life at ambient temperature 
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a gradual increase in the activity of SOD enzyme 
was noticed in all treated apricots than untreated 
fruits (control) in both seasons. In addition, 
decreasing trend was observed in activity of 
POX enzyme in pre-storage treatment including 
control otherwise, apricots treated with exposure 
to 0.5 ppm of 1-MCP then its dipping in 1 mM SA 
concentration that was appeared a gradual increase 
in activity of POX enzyme during shelf life at 
ambient temperature. Moreover, declined trend in 
all treatment including control were noticed in the 
activities of CAT and PME enzymes after 28 days 
at 0°C plus 3 days shelf life at ambient temperature.

1-MCP and SA induce the activities of defense 
enzymes and improvement the storability of 
apricots by reducing the stress of cold storage 
or maintenance the membrane rigidity (Li et al., 
2007 and Ezzat, 2014). In this context, 1-MCP 
and SA treatments are effective for inhibition of 
ethylene production thus, delayed ripening process 
and fruits senescence by reducing the degradation 
enzymes as documented by Fan et al. (2000), 
Srivastava and Dwivedi (2000), Dong et al. (2002) 
and Özkaya et al. (2016). 

Reactive oxygen species could be lead to 
membrane lipid peroxidation and causing severe 
injury to the cell membrane resulting in fruits 
senescence (Karuppanapandian et al., 2011). 
There were many protective enzymes that 
eliminated active oxygen in plant tissues such 
as SOD, POX and CAT which play a significant 
preventive role against oxidative damages caused 
by reactive oxygen species and provides cellular 
resistance against the toxicity of H2O2 (Sharma 
et al., 2012). Superoxide radicals are converting 
into H2O2 in result of SOD activity enzyme and 
the same is disintegrating into water and oxygen 
by activities of CAT and POX enzymes (Mittler, 
2002). There was a close relationship between 
activities of antioxidant enzymes and ripening 
process as well as fruits senescence (Akhtar, 2009 
and Tareen et al., 2012b). 

In the present experiment, the higher activities 
of antioxidant enzymes of SOD, CAT and POX 
that induced by treated ‘Canino’ apricots with 
espouser to 1-MCP and SA dipping especially 
combined treatments might be attributed to the 
lowered activity of lipoxygenase that is partly 
responsible for superoxide radicals formation 
(Blokhina et al., 2003). In addition, delayed 
ripening and senescence processes by enhancing 
the activities of antioxidant enzymes that 
eliminated active oxygen species during storage 

(Akhtar, 2009 and Tareen et al., 2012b). The 
decreasing activities of SOD, CAT and POX 
enzymes in control treatment of ‘Canino’ apricots 
suggests weakened capability of cell to scavenge 
superoxide radicals, so untreated apricot fruits 
were deterioration quickly during storage and 
shelf life.

PME enzyme catalyzing hydrolysation of 
methyl ester group of pectin, is constitutes a 
key control enzyme for both assembly and 
disassembly of pectin networks by determining 
tissue integrity during fruit senescence by 
regulating cation binding to cell wall (Vicente et 
al. 2007 and Payasi et al., 2009). 

Our proposal is consistent with the results 
of Egea et al. (2010) and Shi et al. (2013) in 
this respect, whereby they reported that, 1-MCP 
treatment was significantly contributed in increase 
activities of SOD, CAT and POX enzymes of 
apricots as compared to untreated fruits (control) 
during storage. Similar results also reported by 
Fawbush et al. (2009) on apples. In addition, 
our results are in agreement with the outcome of 
Wang et al. (2006) and Tareen et al. (2012b) on 
peaches, Valero et al. (2011) on sweet cherries 
and Ali et al. (2014) and Ezzat (2014) on apricots 
they demonstrated that, treated fruits with SA 
have shown a significant continuous increase in 
antioxidant activity during storage than control 
fruits. Moreover, SA dipping treatments have 
showed an increase in activity of POX enzyme 
during storage of apples (Mo et al., 2008) and 
oranges (Mohamed et al., 2016a). 

Previously documented research work have 
also showed similar results that papaya fruits 
treated with exposure to 90 ppb of 1-MCP 
exhibited decreased activity of PME enzyme than 
control fruits (Ahmad et al., 2013). Moreover, 
these results are in similarity with the findings of 
Özkaya et al. (2016) on nectarines. In addition, 
our proposal is consistent with the results of 
Srivastava and Dwivedi (2000) in this respect, 
whereby they reported that, SA treatment reduced 
the activities of cell wall degrading enzymes of 
banana fruits.

Therefore, our results in this research 
unequivocally indicated that, the application of 
exposure ‘Canino’ apricots to 0.5 ppm 1-MCP for 
24 hours and then dipping in either 0.5 or 1 mM 
SA for 5 min could be stimulated the activities 
of SOD, CAT and POX as documented by Shi 
et al. (2013) and Ezzat (2014). In addition, these 
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applications could be reduced the activity of PME 
and de-esterification of pectin as mentioned by 
Mohamed et al. (2016a) and Özkaya et al. (2016), 
thus these treatments maintained fruit firmness 
by delaying ripening and senescence processes 
of apricot fruits than untreated fruits (control) 
throughout the cold storage and shelf life. 

Conclusion                                                               

 In general, this experiment showed the 
effectiveness of pre-storage treatments of ‘Canino’ 
apricots with exposure to either 0.5 or 1 ppm of 
1-MCP for 24 hours at room temperature, SA 
dipping in either 0.5 or 1 mM concentration for 
5 min and their combined treatments on keeping 
qualities, enhancing activities of antioxidant 
enzymes and reducing activity of PME enzyme. 
Pre-storage application of ‘Canino’ apricots with 
exposure to either 0.5 or 1 ppm of 1-MCP then 
its dipping in either 0.5 or 1 mM concentration 
of SA was more effective in maintaining physical 
and chemical characteristics. In addition, delaying 
colour development, increasing total phenolic 
content and enhancing the activities of antioxidant 
enzyme of SOD, CAT and POX with reducing 
the activity of PME enzyme than each treatment 
alone or control during cold storage at 0°C for 28 
days as well as end of cold storage (28 days) plus 
3 days shelf life at ambient temperature. Therefore, 
pre-storage application of ‘Canino’ apricots with 
exposure to 1-MCP at 0.5 ppm for 24 hours then its 
dipping in either 0.5 or 1 mM concentration of SA 
consider that is a reliable treatments and promising 
methods to delaying ripening process and fruit 
senescence during cold storage and shelf life.
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استخدام معاملات 1- ميثيل سيكلوبروبين وحامض السالسيلك بعد الحصاد للمحافظة علي 
أثناء  ’كانينو‘  صنف  المشمش  لثمار  الإنزيمية  الأكسدة  مضادات  نشاط  وتحسين  الجودة 

التخزين المبرد
أسامة كمال العباسي ، أحمد فتحي عبد الخالق و محمد إسماعيل محمد

قسم البساتين - كلية الزراعة - جامعة طنطا - مصر.

تعتبر ثمار المشمش أحد الثمار الكلايمكترية التي تنضج بسرعة بعد الحصاد والتي تؤدي بالتالي لتدهورها وقصر 
يعملان  لأنهما  واسع  نطاق  علي  يستخدما  السالسيلك  وحامض  سيكلوبروبين  ميثيل   -1 التخزينية.  حياتها  فترة 
علي إعاقة عمل مستقبلات الإثيلين. كان الهدف من هذه التجربة هو تقييم تأثير المعاملة التطبيقية قبل التخزين 
بالتعرض إلي 1- ميثيل سيكلوبروبين وحامض السالسيلك بعد الحصاد مباشرة علي الجودة والقدرة التخزينية و 
العمر التسويقي لثمار المشمش صنف ‘كانينو ’خلال موسمي 2015 و 2016. قسمت ثمار المشمش إلي ثلاث 
مجموعات متساوية  ثم تم معاملتها باستخدام 1- ميثيل سيكلوبروبين بتركيز صفر أو 0.5 أو 1 جزء في المليون 
لمدة 24 ساعة علي درجة حرارة الغرفة (حوالي 25 درجة مئوية). بعد فترة المعاملة بـ 1- ميثيل سيكلوبروبين, 
متساوية حيث غمرت  فرعية  ثلاث مجموعات  إلي  قسمت  السابقة  الثلاث  المجموعات  من  كل مجموعة  ثمار 
كل مجموعة فرعية في محاليل مائية من حامض السالسيلك بتركيز صفر أو 0.5 أو 1 مللي مولار لمدة خمس 
دقائق. كل معاملات ثمار المشمش صنف ‘كانينو ’تم تخزينها علي درجة الصفر المئوي ± درجة مئوية ورطوبة 
نسبية 90± 5٪ لمدة 28 يوم تبعها ثلاثة أيام على درجة حرارة الغرفة كفترة عمر تسويقي وذلك لمحاكاة العملية 
التغيرات في الخواص الطبيعية والكيميائية وكذلك النشاط الانزيمى لمضادات الأكسدة وتحلل جدر  التسويقية. 
الخلايا لثمار المشمش قدرت على فترات أسبوعية أثناء التخزين المبرد علي درجة الصفر المئوي وأيضاً بعد 
نهاية فترة التخزين المبرد متبعة بثلاثة أيام فترة عمر تسويقي (حوالي 25 درجة مئوية). كل المعاملات تحت 
الدراسة التي أجريت قبل التخزين علي ثمار المشمش صنف ‘كانينو’ حسنت بشكل معنوي خصائص الجودة 
أو 1   0.5 إلي  الثمار  تعريض  معاملة  التسويقي.  والعمر  المبرد  التخزين  أثناء  الكنترول  بثمار  مقارنة  للثمار 
جزء في المليون من 1- ميثيل سيكلوبروبين لمدة 24 ساعة ثم الغمر في حامض السالسيلك بتركيز 0.5 أو 1 
مللي مولار لمدة خمس دقائق كانت أكثر قدرة للحفاظ على الثمار أثناء التخزين وكذلك الفترة التسويقية مقارنة 
بالمعاملة بأي من المعاملة بـ 1- ميثيل سيكلوبروبين أو حامض السالسيلك بصورة منفردة. معاملة ثمار المشمش 
صنف ‘كانينو’ بالتعرض إلي 0.5 جزء في المليون من 1- ميثيل سيكلوبروبين لمدة 24 ساعة متبوعة بغمر 
الثمار في حامض السالسيلك بتركيز 0.5 أو 1 مللي مولار لمدة خمس دقائق أظهرت أقل نسبة مئوية لفقد الثمار 
في الوزن والتلف مع إعطاء أعلي نسبة مئوية لثمار المشمش القابلة للتسويق وكذلك أعلي قيمة لصلابة الثمار. 
بالإضافة إلي ذلك فإن هذه المعاملات قللت من معدل تدهور محتوي الثمار من الحموضة وحامض الأسكوربيك 
وأيضاً قللت من معدل الزيادة في محتوي الثمار من المواد الصلبة الذائبة الكلية ونسبة المواد الصلبة الذائبة الكلية/ 
الحموضة. علاوة علي ذلك فإن هذه المعاملات قد أخرت التحول اللوني للثمار وأدت إلى زيادة محتوي الثمار 
من الفينولات الكلية وقللت من النشاط الإنزيمي للبكتين ميثيل إستيريز بالإضافة إلي تحسين نشاطات مضادات 
أكسيد ديسميوتيز (SOD) والكاتاليز (CAT) والبيروكسيديز (POX) وذلك  السوبر  الأكسدة الإنزيمية وهي 

مقارنة بثمار المشمش المعاملة بالمعاملات الأخرى وغير المعاملة (الكنترول).


