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Abstract

The effect of some post-harvest treatments in-
cluding salicylic acid (SA), Polyethylene Glycol
(PEG) as antioxidants combined with two passive
modified atmosphere packaging (MAP) as a supple-
mentary cold storage treatments to extend storabil-
ity and reduce chilling injury symptoms of Canino
apricots (Prunus armeniaca) during storage at
1+1°C for 21 days followed by 5 days at 18 + 2°C as
a marketing conditions simulation, was evaluated
during 2018 and 2019 seasons. Physical properties,
greatly affected with both factors of study. The great
effect in this respect was obtained with 1 mM SA
and 0.4% PEG plus polypropylene film as type of
passive modified atmosphere during cold storage
and marketing period. These treatments decreasing
discarded %, chilling injury (scale) and weight loss
%, whereas fruit firmness recorded highest values
than control Packed apricots by polypropylene film
and treated with 0.4% PEG, 1.0 mM SA and com-
bined treatment of ascorbic and citric acids (1:0.5)
significantly preservation fruit quality properties, in-
creased TSS, phenols and carotenoides compo-
nents and decreased total acidity values, in addi-
tion, it reduces the lost in the ascorbic acid content.
Also, the mentioned treatments were effective in in-
creasing activity of peroxidase and catalase en-
zymes reducing electrolyte leakage values and res-
piration rate. Controlling chilling injury, minimizing
electrolyte leakage, respiration rate as well as im-
prove enzymes activity are considered a good indi-
cators to increase storage longevity and high qual-
ity. So, it could be suggested that, salicylic acid at
1.0 mM or polyethylene Glycol at 0.4 % and packed
With the type of passive modified atmosphere (pol-
ypropylene film,) were more effective in reducing

fruit quality losses, decay “and keeping quality of
“Canino” apricot fruits through cold storage at 1+1°C
for 21 days followed by 5 days at 18 + 2°C as a mar-
keting conditions simulation.

Keywords: Apricot, Salicylic acid, Polyethylene gly-
col, Ascorbic acid, Cold storage, Passive modified
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1 Introduction

Apricot fruits (Prunus armeniaca) are generally
characterized by their worldwide distribution due to
their high nutritional benefits, good taste and antiox-
idant components which are also of great im-
portance as a processed product (Solis-Solis et al
2007). Generally fruit apricot ripening takes place
between June and July, it appears in the market in
large quantities, for a short periods and quickly
Within little days (at room temperature) the fruits be-
come tender with a sharp decrease in quality and
this causes a physiological imbalance of fruits (Cao
et al 2009) Cold storage is resorted to to prolong the
ripening period and thus to control cold damage, but
it must be clarified that the apricot fruits are sensitive
to low temperatures which exposes them to defects
in appearance. (Goto et al 2011).

During cold storage of apricots, damage occurs
in the cell membranes, which is represented by an
imbalance in the metabolic and physiological pro-
cesses, the most important of these symptoms is
known as cold damage, where the fruits become
rough to the touch, with a decrease in juiciness and
a disturbance in ripening, which affects the charac-
teristics and marketing value (Koushesh et al 2016).
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It generally uses modified atmosphere packag-
ing (MAP) to minimize respiration rate and water
loss, thus prolonging the storage time. Low oxygen
and high carbon dioxide atmospheres can extend
the marketing lifetime of many commaodities (Kader
et al 1989). These impacts, were the rationale for
delaying the reduction in acidity percentage and to
stay up firmness fruit, soluble solids content and L-
ascorbic acid (Maghenzani et al 2016).

Modified atmosphere packaging’s are accom-
plished by the pre-owned film penetrability and
therefore the respiratory rate of fruits and this influ-
ence the Writing processes of the cells. The term
passive modified packaging is used when the inner
atmosphere around the fruits is modified by their
respiration. While called an active modified atmos-
phere when specific concentrations of gases are
added around the fruits and inside a sealed pack-
age can provides a prior condition of balance and
help to save lots of appropriate atmosphere for a ex-
tended period, this adds to the expansion of the time
period of fruits (Jouki and Khazaei 2012).

Antioxidants factors prevent browning by de-
crease enzymatically shaped oquinones to color-
less diphenols and shaping more stable colorless
compounds

The profitable impact of ascorbic acid is due to
several sides, for example, oxygen capture and pro-
tection, and the formation of a barrier that control
the spread of oxygen towards the fruits so, produc-
tivity decreases of auxinones. Ascorbic acid is used
for dip because it is harmless as well as being a
necessary supplement for people, and its absence
leads to clinical scurvy syndrome (Son et al 2001).

Likewise citric acid might is used as a chelating
factor and an antioxidant, that works synergistically
with L- ascorbic acid or different acids and their neu-
tral salts to chelate peroxidants, which can cause
inactivate enzymes . Both antioxidants (ascorbic
and citric acid) as well as anti-stress factors, act as
defense mechanisms and signaling molecules in
some physiological processes of the plant (El-
Kobisy et al 2005) However, ascorbic acid has a
positive role in cell division in addition to it acts as a
cofactor action for many enzymes because of its
function as an aid in biosynthesis of phytohor-
mones for instance, gibberellin, abscisic acid and
ethylene, ascorbic acid plays an essential regula-
tory role in many different physiological and biologi-
cal cycles of plants. (Afsaneh et al 2018) .Citric acid
has a necessary role in some signal transduction
systems as it stabilizes membrane and function, ac-
tivates metabolic enzymes, and transfers carbohy-
drates. Additionally, ascorbic acid and citric acid
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have auxinic activities that have stimulating results
on the growth and productivity of most fruit trees.

(Ragab 2002). Besides, the antioxidants are
considered as safe natural compounds for humans
and animals. So, natural component and antioxi-
dants are more satisfying quickly than synthetic
ones (Asghari and Rashid 2015).

Salicylic acid is classified among the phenolic
compounds which is broadly disseminated among
plants and has a relationship with plant growth and
development and the extent of disease resistance
(Adel and Awad 2012). Positive effects of posthar-
vest, to salicylic acid (SA) because in concise may
be a phytohormone restraining ethylene biosynthe-
sis and deferring the senescence (Bal and Celik
2010). Salicylic acid appears to inhibit the conver-
sion of ACC to ethylene by inhibiting ACC oxidase
action (Leslie and Romani 1988). SA is likewise re-
lated to neighborhood and foundational protection
from microorganisms (Kang et al 2013). Addition-
ally, dietary SA from vegetables and fruit are por-
trayed as bioactive compounds with medical aid po-
tential (Hooper and Cassidy 2006), and thought of
as commonly perceived as safe. There are several
studies showing beneficial impacts of SA treatment
on storability of fruits. Using salicylic acid as pre-
harvest or postharvest applications reduces fruit rot
in fruits by encouraging the guard resistance system
and stimulation of antioxidant enzymes (Xu and
Tian 2008). However, SA fundamentally expanded
protection from chilling injury in fruits for instance,
peach (Wang et al 2006) and apricots (Satraj et al
2013). Preventing the increase in chilling-induced
symptoms in the cell membranes. (Cao et al 2009).
SA application during cold storage, inhibited eth-
ylene production, reduced weight loss percentage,
decay incidence, expanded marketable fruit per-
centage and maintained fruit firmness (Adel and
Awad 2012).

Polyethylene glycol or PEGs may be a group of
neutral, osmotic active polymers with high relative
molecular mass, which is an inert, non-penetrating
osmotic. PEG reduces to water potential of nutrient
solutions without toxicity to plants (Kulkarni et al
2007). Osmotic and ion homeostasis are important
for plant to be drought or salt tolerance. Osmotic ho-
meostasis is consummated by collecting of congru-
ent osmolytes within the cytosol (Al-Taha 2013).
These incorporate free endogenous proline accu-
mulation that participates in preventing stress-in-
duced cellular damage by equation the cytoplasm
osmotic potential with the surrounding environment
(Santos-Diaz and Ochoa-Alejo 1994). PEG applica-
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tion promoted the production of soluble protein com-
ponents, increased a membrane fusion and en-
hanced antioxidant action enzyme (Neelma and
Faheem 2009). Exposure to polyethylene glycol so-
lutions was wont to effectively simulate drought
stress with limited metabolic interactions for in-
stance, that related to the utilization of low relative
molecular mass osmolates that the plant can ingest
(Meher et al 2018). Polyethylene glycol stimulates
water stress in plant tissue culture cells similarly it
does within the cells of intact plants. (Patade et al
2012) Treating plants with polyethylene glycol im-
proves the chilling resistance of soybean seeds
(Neelma and Faheem 2009), is likewise used as a
coating that reduces ethane permeability in fruits
peel (Hagenmaier 2005). In addition, polyethylene
glycol may be a common utilized in agricultural
field’s .Generates osmotic stress that reduces the
speed of photosynthesis, and any stress on the
mechanism of plant impacts of photosynthesis at
the cellular level which incorporates colors, photo-
synthetic systems, electron transport system, path-
ways minimize carbon dioxide and decrease photo-
synthesis (Landjeva et al 2008, Sen and Ali-
kamanoglu 2013).

The goal of this study are to evaluate the effect
of SA, PEG and antioxidants (Ascorbic acid and cit-
ric acid combined) under two passive modified at-
mosphere packaging (MAP) to extend storability
and reduce chilling injury of Canino apricots during
storage at 1 + 1 °C for 21 days followed by 5 days
at 18 £ 2 °C as a marketing condition simulation.

2 Materials and methods

The present investigation was conducted during
two successive seasons of 2018 and 2019 seasons
on apricot fruits cv. ‘Canino’ (Prunus armeniaca L.).
The fruits were harvested from a commercial or-
chard in Nubaria district, Behira Governoment. The
fruits were harvested early morning at early ripe
stage (greenish-yellow skin color and firm flesh)
during the 1st week of June in both seasons and
directly transferred to the Horticultural Department,
Faculty of Agriculture, Ain Shams University, Cairo.
The fruits were uniform size and maturity and any
fruits with mechanically injured and defected fruits
were removed. Then washed in chlorinated water
chlorex (0.05% Sodium hypochlorite) at 100 ppm for
2 min., air dried and sorted.

The fruits were weighed for recorded their the
initial fresh weight then subjected to pre- storage
treatments as dipping for 5 minutes as follows:

1. Control rinsed in distilled water

N

Salicylic acid at 0.5 mM

Salicylic acid at 1.0 mM

4. Combined solutions of ascorbic and citric acid
(AA:CA%) 1.0:0.5 at 150 ppm

5. Combined solutions of ascorbic and citric acid
(AA: CA %) 1.0:1.0 at 150 ppm

6. Polyethylene Glycol (PEG 6000) at 0.2 %

Polyethylene Glycol (PEG 6000) at 0.4 %

8. After finished from all treatments, fruits were
packed in two different passive modified atmos-
phere packaging (MAP), with two different type
films.

1. The first passive modified atmosphere packag-
ing, the fruits were placed in traditional contain-
ers Polyethylene terephthalate (PET). PET con-
tainers (20 cm * 12 cm * 6 cm) containing an an-
timicrobial pad on the bottom.

2. The second passive modified atmosphere pack-
aging, the fruits were sealed in MAP made from
a 35 um polypropylene film (PPF) with permea-
bility of 474 mL Oz (m?day atm)* and 1507 mL
CO2 (m? day atm).

Each treatment for each type of passive modi-
fied atmosphere packaging included 45 fruits (three
replicates, 15 fruit per each replicate). The fruits
from each treatment and replicate were stored at
1+1°C with 90%-95% relative humidity (RH) for a
21 days followed by 5 days at 18 + 2 °C with 85- 90
% R.H as a marketing conditions simulation. The ex-
periment was arranged in a randomized complete
blocks design. (7 treatments x 3 replicate x 2 type of
passive MAP)

Initial sample was taken randomly at the begin-
ning of cold storage duration (0 day). After that,
samples were taken weekly (7 days) from each rep-
licate for all treatments during the storage period. A
part of sample for each replicate was held at 18+2°C
for 5 days as a marketing condition.

w

N

The following parameters were evaluated
2.1 Fruit physical properties
2.1.1 Discarded fruits %

The number of decayed fruits was periodically
recorded and expressed as percentage from the to-
tal fruit number.

2.1.2 Weight loss %

The initial weight of apricots was recorded and
fruit weight loss was calculated by weighing just af-
ter treatments application and every seven days in-
terval during cold storage durations at 1+1°C and at
the end and subsequent storage at 20+2°C for 5
days.
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2.1.3 Chilling injury scale | index

Symptoms of chilling injury (CI) were visually as-
sessed upon removal of the fruits from cold storage
conditions. The degree of Cl severity, based on ex-
ternal damage, according to (Lafuente et al 2003),
was recorded subjective scale 1= no damage
(none), 2=trace, 3=slight, 4=moderate, 5=severe,
The Cl index was calculated according to the follow-
ing formula: CI=Z (value of hedonic scale) x (num-
ber of fruit with the corresponding scale number)/
total number of fruit in the sample. Fruit was consid-
ered unacceptable for the consumer if it had ClI in-
dices of 3 or higher.

2.1.4 Fruit firmness (Kgf)

It was recorded by Tester (GY-1, China) appen-
dixes with a 2-mm plunger tip a digital force gauge.
The firmness values were calculated by kilo gram
force (Kgf)

2.2 Chemical constituents

= Total Soluble solids % was determined according
to A.O.A.C. (2005).

= Total acidity (as g Malic acid/100 g fruit fresh
weight) was determined according to A.O.A.C.
(2005).

= L-ascorbic acid content (mg/100g fruit fresh
weight) was determined following the methods by
A.O.A.C. (2005).

= Total phenoles (as mg gallic acid/ 100 g fruit fresh
weight): Were determined in fruit juice extract
were determined by the colorimetric method of fo-
lin.— Denis as described by Daniel and George
(1972).

= Total carotenoids content (mg/100 g fresh
weight) : was decided, according to the method
of Wellburn (1994) .

2.3. Physiological attributes
2.3.1. Enzymes activities

Peroxidase enzyme activity (as ymol min-1 mg-
1 protein.) was determined according to Herzog and
Fahimi (1973), and Catalase enzyme activity (as
pmol min-1 mg-1 protein.) was estimated by Clair-
bone (1985).
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2.3.2. Electrolyte leakage% (EC leakage)

Weighed 10 g disks of the fruits apricot tissues
and added 30 ml of deionized water and magneti-
cally stirred for 15 minutes. The electrical conductiv-
ity (EC) of the catalytic solution was measured with
electrical conductivity meter. The experiment was
repeated again but with homogeneity of tissues in
the mixer and EC level measurement. The percent-
age of solute leakage was calculated as the EC leak
using the method described by Mirdehghan et al
(2007).

2.3.3. Respiration rate

(mg COz2/kg fresh fruits /hr): CO2 created by apri-
cots was decided after ten hours concluded from
treatments and then every 7 days during cold stor-
age and marketing periods. The air-flow was
passed through concentrated NaOH, to secure, that
air-flow is CO: free, before passing into 1-liter jar
container, 500 gm./jar was count each replicate.
The out-coming air-flow was then thread into 100
ml NaOH of 0.1 N for 1 h. Such solution was then
titrated against 0.1 N HCl and CO: levels created by
the apricots fresh was measured as (mg CO2/kg
fresh fruits /hr), according to A.O.A.C. (2005).

Statistical analysis

Data were analyzed for statistical significant dif-
ferences using MSTAT-C software (MSTAT, Michi-
gan University East Lansing). Duncan multiple rang
test (LSR) at 5% level was completed to define any
significant difference among various treatments, ac-
cording to Steel et al (1997).

3 Results and disscution
3.1. Physical properties
3.1.1. Discarded fruits %

Itis clear from data in Table 1 that both modified
atmosphere packaging and supplementary refriger-
ation treatments greatly affected discarded fruits %
of “Canino” fruit either at cold storage at 1£1°C or at
marketing period at 18 +2°C.

After 21 days of cold storage, the least dis-
carded fruits % were obtained by 1 mM SA, 0.4 PEG
and the combined treatment of 1 mM Ascorbic + 0.5
mM Citric acid without significant differences be-
tween them, either with traditional containers
named polyethylene terephthalate (PET) or polypro-
pylene film (PPF) in both seasons.
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Table 1. Effect of some post-harvest substances dipping and type of passive modified atmosphere packag-
ing on discarded fruits % of “Canino” apricot fruits stored at 1 + 1 ° C followed by 5 days at 18 + 2 °C during

2018 and 2019 seasons

Passive Modified Atmosphere Packaging
Polyethylene terephthalate (PET) Polypropylene film (PPF)
Treatments Days in cold storage 5 days Days in cold storage 5 days
(1 £1°C) at (1 £1°C) at
7 14 | 21 18 £ 2°C 7 14 21 18 + 2°C
2018 Season
Control 0.00 6.67 a 13.34a 25.00 a 0.00 3.34a 8.34a 16.67 a
0.5 mM SA 0.00 | 3.34bc 11.67ab | 18.33bc | 0.00 3.34a 6.67 ab 11.67b
1.0 mM SA 0.00 1.67c 3.34d 8.34e 0.00 0.00b 0.00c 3.34d
1.0:0.5 A:C | 0.00 1.67a 6.67 ¢ 15.00cd | 0.00 0.00b 1.67 bc 6.67 cd
1.0:1.0 A:C | 0.00 | 5.00ab 11.67ab | 20.00ab | 0.00 | 1.67 ab 3.34b 13.34 ab
0.2 % PEG 0.00 | 5.00ab 10.00 b 16.67 bc | 0.00 0.00b 3.34b 10.00 bc
0.4 % PEG 0.00 1.67c 5.00 cd 11.67de | 0.00 0.00b 0.00c 5.00d
2019 Season
Control 0.00 8.34a 16.67 a 28.34 a 0.00 3.34a 6.67 a 15.00 a
0.5 mM SA 0.00 | 5.00ab 11.67b 20.00b 0.00 | 1.67 ab 6.67 a 13.34 ab
1.0 mM SA 0.00 0.00c 1.67d 5.00d 0.00 0.00b 0.00d 0.00d
1.0:05 A:C | 0.00 | 3.34hc 5.00 cd 11.67 c 0.00 0.00b 3.34 bc 8.34c
1.0:1.0 A:C | 0.00 | 6.67 ab 10.00 b 18.33 b 0.00 0.00b 5.00ab | 11.67 bc
0.2 % PEG 0.00 3.34 bc 8.34 bc 15.00 bc | 0.00 0.00b 1.67cd 8.34c
0.4 % PEG 0.00 1.67c 3.34d 10.00 c 0.00 0.0 0.0d 334 d

Values followed by the same letter (s) are not significantly different at 5% level

However, the second type of passive modified
atmosphere (PPF) was more effective than the first
type of passive modified atmosphere (PET) in mini-
mizing the discarded Canino fruits %. Data recorded
on discarded fruit % during marketing period at 18 +
2°C for 5 days showed that, all applied treatments
were effective than control in this respect, and the
three treatments which previously mentioned were
also effective in reducing discarded fruits % during
marketing period.

3.1.2. Chilling injury (Score).

Data in Table (2) show the effect of some pre
storage treatments in combination with two types of
modified atmosphere packaging on chilling injury in-
cidence of “Canino” apricot fruits either at cold stor-
age or at marketing simulation conditions.

Generally, it could be noticed that all used treat-
ments were effective than control in reducing
chilling injury score but the treatments of 1 mM SA
and 0.4 % PEG were more effective than other treat-
ments in this regard. However, the second type of
passive modified atmosphere (PPF) was effective in
reducing the incidence of chilling injury symptoms.
During marketing period for 5 days at 18 +2°C. All
applied treatments greatly decreased the incidence
of chilling injury than control with the two types of
passive MAP. However, second type of passive
MAP was more effective than the first type of pas-
sive MAP regardless of the used treatments. Also, it
could noticed that, chilling injury symptoms was, in
general, recorded less values in Canino apricot
fruits regardless of the used treatments or MAP type
due to apricot fruits are deciduous fruits and did not
suffer from storage at 1 + 1°C for short period (21
days) as found in this work.
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Table 2. Effect of some post-harvest substances dipping and type of passive modified atmosphere packag-
ing on chilling injury (score) of Canino apricot fruits stored at 1+1°C followed by 5 days at 18+2°C during

2018 and 2019 seasons

Passive Modified Atmosphere Packaging
Polyethylene Terephthalate (PET) Polypropylene Film (PPF)
Treatments Days in cold storage 5 days Days in cold storage 5 days
(1£1°C) at (1£1°C) at
7 | 14 | 21 18 + 2°C 7 | 14 21 18 + 2°C
2018 Season
Control 1.00 142 a 1.83a 2.75a 1.00 1.25a 156 a 1.92a
0.5 mM SA 1.00 1.30 ab 1.70 ab 2.40 ab 1.00 1.10ab | 1.40ab 1.67 ab
1.0 mM SA 1.00 1.10b 1.25c¢c 1.58d 1.00 1.00 b 1.00d 1.17c
1.0.05 A:.C 1.00 1.20b 1.50 bc 1.89 cd 1.00 1.00b 1.13 cd 1.40 bc
1.0:1.0 A:C 1.00 1.36 ab 1.75ab 2.20 bc 1.00 | 1.13ab | 1.32bc 1.58b
0.2 % PEG 1.00 1.25ab 1.66 ab 2.08 bc 1.00 1.00b 1.25 bc 1.46 bc
0.4 % PEG 1.00 1.10b 1.36¢c 1.80 cd 1.00 1.00b 1.00d 1.25c
2019 Season
Control 1.00 174 a 2.36a 3.12a 1.00 142 a 1.75a 234 a
0.5 mM SA 1.00 1.49 bc 1.97b 256 b 1.00 | 1.30ab | 1.53 bc 1. 96 bc
1.0 mM SA 1.00 1.24d 1.49d 1.78d 1.00 1.00c 1.16d 1.48d
1.0.05 A:.C 1.00 1.34 cd 1.72c 1.94 cd 1.00 1.13 bc 1.34 cd 1.74c
1.0:1.0 A:C 1.00 1.51 bc 1.84 bc 2.27 bc 1.00 121b 1.62 ab 2.03b
0.2 % PEG 1.00 1.57 ab 1.79 bc 2.10cd 1.00 1.13 bc 141c 1.88 hc
0.4 % PEG 1.00 1.38 b-d 1.54d 1.85d 1.00 1.00c 1.21d 1.53d

Values followed by the same letter (s) are not significantly different at 5% level

3.1.3 Weight loss %

Table 3 data showed that weight less % of “Ca-
nino” apricot fruits was increased with advanced in
cold storage durations followed by 5 days at 18
+2°C regardless of the used treatments or passive
modified atmosphere type. However, all applied
treatments were effective in reducing weight loss %
than control either during cold storage at 1 +1°C
for 21 days or followed by 5 days as a marketing
period simulation . Additionally , the treatments of 1
mM SA and 0.4% PEG were effective than other
treatments in recording less values of weight loss %
either during cold storage at 1 + 1°C for 21 days fol-
lowed by 5 days at 18 +2°C as simulation at mar-
keting period . The second type of passive MAP
(polypropylene film, PPF) was more effective than
first type of passive MAP (Polyethylene tereph-
thalate, PET) in this respect during all cold storage
durations and marketing period. For instance weight
loss % reached to 7.16 & 3.66 % in control against
3.45 & 1.77% for 1 mM SA treatments with the both
types of passive modified atmosphere during the
first season.

3.1.4. Fruit firmness (Kgf.)

Table 4 showed that, both studied factors
greatly affected “Canino” apricot fruit firmness dur-
ing cold storage at 1+1°C for 21 days followed by 5
days at 18+2°C as a marketing period simulation.
Generally, all applied treatments were effective in
minimizing the loss in fruit firmness than control dur-
ing cold storage and marketing period’s .The great
effect in this respect was recorded by 1 mM SA and
0.4 % PEG treatments than other treatments. How-
ever, the passive modified atmosphere type of pol-
ypropylene film (PPF) was effective in reserving the
firmness of Canino fruits from losses during cold
storage and marketing than the passive modified at-
mosphere type of Polyethylene terephthalate (PET).
From these data, treated fruits with 1 mM SA plus
the second type of passive modified atmosphere
(polypropylene film, PPF) recorded the highest val-
ues of firmness which reached (3.84 and 3.90 Kg/
force) at cold storage and (2.56 and 2,66 Kg/ force)
at 18+2°C in both seasons. In contrast untreated
fruits packed of Polyethylene terephthalate (PET)
exhibited a sharp decrease in fruit firmness values
which recorded (2.48 and 1.04 Kg force) at first sea-
son and (2.26 and 0.98 Kg/ force) at the second
season in the end period of the two storages respec-
tively.
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Table 3. Effect of some post-harvest substances dipping and type of passive modified atmosphere packag-
ing on weight loss % of “Canino” apricot fruits stored at 1+1°C followed by 5 days at 18°C during 2018 and
2019 seasons

Passive Modified Atmosphere Packaging

Polyethylene Terephthalate (PET) Polypropylene Film (PPF)
Treatments Days in cold storage 5 days Days in cold storage 5 days
(1 £1°C) at (1 £1°C) at
7 | 14 | 21 18 + 2°C 7 | 14 ] 21 18 + 2°C
2018 Season
Control 1.38 a 3.09a 4.49 a 7.16a 0.89 a 1.64a 2.29a 3.66 a

0.5 mM SA 1.35a 2.61bc | 3.52bc 6.29 a 0.86 a 1.42b 1.95b 3.12b
1.0 mM SA 0.97c 1.49d 217e 3.45d 0.64c 0.94 cd 1.23d 1.77 e
1.0.05 A.C 1.14 bc 1.79d 2.75d 4.18 ¢ 0.71bc | 1.12cd | 1.47cd 2.31d
1.0:1.0 A:C 1.21ab | 2.73 ab 3.80b 5.16 b 0.82ab | 1.27bc | 1.78 bc 2.65¢c
0.2 % PEG 1.26 ab 231c 3.16 cd 5.44b 0.80 ab 1.38b 1.85b 2.93 bc
0.4 % PEG 1.08 bc 1.53d 211e 3.86 cd 0.74 bc | 0.97 bc 1.36d 2.18d
2019 Season

Control 146 a 257a 411 a 6.84 a 0.94a 1.73a 242 a 3.87a
0.5 mM SA 1.34 ab 2.14b 3.53b 6.23 a 0.88ab | 1.56ab | 2.11ab 3.28b
1.0 mM SA 1.13c 1.58 cd 2.06d 3.24d 0.73 ¢ 0.93d 1.17d 1.82e
1.0.05 A:C | 1.22bc | 1.87bc 2.75¢c 437c 0.80bc | 1.08 cd 1.55¢ 2.33 de
1.0:1.0 A:C 1.40 ab 211b 3.38b 5.18b 0.91a 1.39b 1.94b 3.11 bc
0.2 % PEG 1.31a-c | 1.93bc | 3.12bc 4.81 bc 0.85ab | 1.31bc | 1.75bc 271cd
0.4 % PEG 1.21 bc 1.49d 2.18d 3.62d 0.78 c 0.91d 1.24d 1.96 e
Values followed by the same letter (s) are not significantly different at 5% level

Table 4. Effect of some post-harvest substances dipping and type of passive modified atmosphere packag-
ing on fruit firmness (Kgf) of “Canino” apricot fruits stored at 1£1°C followed by 5 days at 18+2°C during 2018
and 2019 seasons.

Passive Modified Atmosphere Packaging

Polyethylene Terephthalate (PET) Polypropylene Film (PPF)
Treatments Days in cold storage 5 days Days in cold storage 5 days
(1 +1°C) at (1 +1°C) at
7 | 14 [ 21 18 + 2°C 7 | 14 | 21 18 + 2°C
2018 Season
Control 5.10 ¢ 3.76 d 2.48d 1.04 e 5.38 b 3.96d 2.72e 142e

0.5 mM SA! 4.92c 3.98 cd 2.64d 1.36d 542b 4.14 cd 3.12d 1.66d
1.0 mM SA 544ab | 4.66a 3.68 a 214 a 584 a 4.78 a 3.84a 2.56 a
1.0:.0.5 A:C? | 5.18 bc 4.32b 3.20b 1.76 b 5.76 a 4.56 ab 3.40b 2.14b
1.0:1.0 A: C 5.00c | 4.16bc | 2.90¢c 154cd | 558ab | 433bc | 3.14cd | 1.82cd
0.2% PEG® | 5.28ab | 4.12bc | 3.04 bc 1.70bc | 5.64ab | 4.48ab | 3.32 bc 194c
0.4 % PEG 5.52a 4.74 a 3.82a 2.06 a 5.72 a 4.64 a 3.47b 2.30b
2019 Season
Control 444 c 3.60d 2.26d 0.98 e 4.90c 4.00d 2.78d 134 e
0.5 mM SA 4.66bc | 3.78 cd 2.42d 1.27d 5.02c 4.27 cd 3.08 c 1.60d
1.0 mM SA 5.08 a 4.26 ab | 3.58 ab 2.29a 5.36a 4.75a 3.90a 2.66 a
1.0.05 A:C 4.64 bc | 4.04 bc 3.36b 1.89b 5.28ab | 452 ab 3.61b 2.08c
1.0:1.0 A:C 4.86ab | 3.84cd 2.86¢C 1.62c 5.10 bc | 4.33 bc 3.25¢c 2.10c
0.2 % PEG 4.58 bc 3.92c 294c 1.76 bc 5.22ab | 4.40 bc 3.50b 2.24 bc
0.4 % PEG 5.12a 4.38 a 3.70 a 212 a 5.30ab | 4.62ab 3.67b 2.36b
Values followed by the same letter (s) are not significantly different at 5% level
Initial sample recorded 6.12 and 5.74 (Kgf) for 2018 and 2019 seasons
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The impact of SA on chilling injury (Cl) presum-
ably ascribed to all the more diminishing level of glu-
tathione and ascorbate reduce O2 aggregation and
H202 aggregation increase. Oxidative stress in-
duced by pooling of receptive oxygen species
(ROS) with a decrease in antioxidant systems were
related by chilling injury advancement in fruit
through storage and its vigour capacity to initiate an-
tioxidant systems decreasing the firmness of fruits
in cold storage because membranes damage. (Je-
sus and Yahia 2003). Fruit firmness increased with
SA may be due to metabolism of lignification, poly-
phenols and the lowering in extractable juice during
storage time (Cai et al 2006).

PEG has increased wide attention as a bio-
material due to the fact of its high effectiveness in
resisting protein adsorption and accurate compati-
bility with cells. Also it inhibit bacterial growth, due
to the similar properties of the bonding surfactant,
which prevents the action of cell membranes at-
tributed to the double hydrophilic-hydrophobic char-
acter (Sweeney et al 2018). The reduction in decay
and disorders development can also be controlled
due to modified atmosphere packaging interest-
ingly delayed fruits senescence and inhibited micro-
bial increase and controlled the exponential
growth of microorganisms (Nielsen and Lenfven
2008). Also, Allende et al (2007) located that CO2
inhibit microbial action due to it dissolves in water
in the product and it has passive influence, on en-
zymic and biochemical activities in cells of each
product and consequently microorganism. The pos-
itive part of shrink film as a result of reducing the
physiological loss in weight of fruits (Singh and Rao
2005). Polymeric film packaging’s have been used
to maintain the high firmness of the pears (Mahajan
et al 2013).

3.2. Chemical constituents

3.2.1. Total Soluble Solids Content (TSS %)

Data in Table 5 show the effect of two types of
passive modified atmosphere packaging and some
pre storage treatments on TSS% of “Canino” apricot
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fruits stored at 1+1°C. After 7 days of cold storage,
no significant differences were detected between
different treatments, whereas after 21 days highest
values of TSS% were recorded by 0.4% PEG, 1.0
mM AS and combined treatment of ascorbic and cit-
ric acids (1:0.5) treatments without significant differ-
ences them .However during marketing period at
18+2°C for 5 days the highest TSS values were rec-
orded by 1.0 mM AS and 0.4% PEG without signif-
icant differences between them in both seasons and
with both types of passive modified atmosphere
packaging. However the second type of passive
modified atmosphere packaging (polypropylene
film, PPF) was more effective than the first type of
MAP (Polyethylene Terephthalate, PET) in record-
ing highest TSS values either at cold storage at
1+1°C for 21 days followed by 5 days at 18 + 2°C as
a marketing period simulation. Generally, it could be
mentioned that the increase of TSS% with ad-
vanced in cold storage durations attributed to loss
of water content and increasing of total soluble sol-
ids especially total sugars.

3.2.2 Total acidity (g malic acid / 100 g fresh
weight)

Table 6 showed that total acidity content greatly
affected with both studied factors in “Canino” apricot
fruits during cold storage durations and marketing
assimilation conditions. An evident decrease in fruit
acidity of “Canino” apricot fruits were obtained with
advanced in cold storage durations and during mar-
keting period regardless of the used treatments or
MAP type (polypropylene film, PPF). However, all
applied treatments decreased fruit acidity than the
control but the treatment of 1.0 mM SA was more
effective in this respect than others. Regarding to
the effect of passive MAP types, it is clear that the
second type was more effect in pestering total acid-
ity from losses during cold storage durations at
1+1°C or during marketing period at 18 + 2°C in both
seasons. It could be concluded that the reduction of
fruit acidity with advanced in cold storage durations
followed by marketing period could be attributed to
the consumption of these acids in fruit respiration
through Krebs cycle pathway.
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Table 5. Effect of some post-harvest substances dipping and type of passive modified atmosphere packag-
ing on total soluble solids content of “Canino” apricot fruits stored at 1+1°C followed by 5 days at 18+2°C
during 2018 and 2019 seasons.

Passive Modified Atmosphere Packaging

Polyethylene Terephthalate (PET) Polypropylene Film (PPF)
Treatments Days in cold storage 5 days Days in cold storage 5 days
(1+1°C) at (1£1°C) at
7 | 14 | 2 18+ 2°C 7 | 14 | 21 18 +2°C
2018 Season
Control 123 a 13.7 ab 12.4d 10.6d 127a | 138a 13.1d 11.3e

0.5 mM SA 12.6a 13.3b 13.1d 12.0c 125a 13.3b 13.6 cd 12.8d
1.0 mM SA 12.7a 13.8ab | 14.7 ab 16.3a 123 a 139a 145a 155a
1.0.05 A:C 124 a 13.6ab | 14.6 ab 154 ab 123a | 135ab | 143 ab 14.8 ab
1.0:1.0 A:C 124 a 13.5ab 13.8c 13.1c 126 a 13.2b 14.0 be 13.7c
0.2 % PEG 125a 13.6ab | 14.3 bc 146 b 128a | 13.6ab | 14.2ab 14.3 bc
0.4 % PEG 128 a 140a 150a 159a 125a 13.8a 14.7a 153 a
2019 Season
Control 13.2 ab 14.7 a 13.2d 11.8d 134a | 141 ab 13.7c 12.4d
0.5 mM SA 13.5ab | 14.1bc 13.7d 13.1c 134 a 136b 14.1 bc 13.6¢c
1.0 mM SA 13.4ab | 145ab | 153 ab 16.7a 13.3a 143 a 15.1a 159a
1.0.05 A:C 13.1b 14.0c 15.0 ab 156 b 13.6a | 13.8ab | 14.6ab 15.2 ab
1.0:1.0 A:C 13.6a 14.6 ab 145¢c 14.0c 13.2a 13.7b 142 b 145hb
0.2 % PEG 13.7a 143 bc | 14.9bc 152 b 13.3a 13.7b 14.4b 14.7b
0.4 % PEG 13.7a 14.8a 155a 16.2 ab 13.5a | 14.0ab 149a 15.6a
Values followed by the same letter (s) are not significantly different at 5% level
Initial sample recorded 12.0 and 12.8 % for 2018 and 2019 seasons

Table 6. Effect of some post-harvest substances dipping and type of passive modified atmosphere packag-
ing on total acidity % of “Canino” apricot fruits stored at 1+1°C followed by 5 days at 18+2°C during 2018
and 2019 seasons

Passive Modified Atmosphere Packaging

Polyethylene Terephthalate (PET) Polypropylene Film (PPF)
Treatments Days in cold storage 5 days Days in cold storage 5 days
(1 £1°C) at (1 £1°C) at
7 | 14 | 2 18 + 2°C 7 | 14 [ 21 18 + 2°C
2018 Season
Control 142a | 1.23ab 1.16 a 1.23a 151a | 1.29ab 118 a 1.18a

0.5 mM SA 144a | 1.20ac | 1.11ab 1.09b 146a | 1.31ab 1.13 ab 1.05b
1.0 mM SA 140 a 1.17 bc 0.93d 0.76 e 143 a 1.23c 1.00c 0.81d
1.0.05 A:C | 145a 1.14c 1.00 cd 0.83 de 146a | 1.28 a-c 1.07b 0.89 cd
1.0:1.0 A:C | 148a 1.25a 1.05 bc 0.97c 1.50 a 133 a 1.13 ab 1.02 b
0.2 % PEG 146 a 1.22 ab 1.07 b 091cd 142a | 1.30ab 1.10b 0.97 be
0.4 % PEG l41a | 1.18a-c | 0.98cd 0.85 de 1.40a | 1.26 bc 0.95¢c 0.86d
2019 Season
Control 1.36a 1.19c 1.13a 1.18a 142a | 1.20a-c 1.16a 121 a
0.5 mM SA 1.38a 1.25a 1.09a 1.03a l44a | 1.22ab 1.08 b 1.01b
1.0 mM SA 1.33a 1.23 ab 0.91d 0.79d 137a 1.17 bc 0.87d 0.80d
1.0.05 A:C | 1.37a 1.17c 1.02 b 0.81cd 140a 125a 1.00c 0.86 cd
1.0:1.0 A:C | 1.33a 124 a 1.03 b 091c 1.39a | 1.19a—c | 1.05bc 0.96 b
0.2 % PEG 1.36a | 1.20a-c | 0.97 bc 0.85cd 143a | 1.23ab 1.07b 0.93 bc
0.4 % PEG 1.34a 1.18 bc 0.93 cd 0.76 d 140a 1.15¢ 0.90d 0.87d
Values followed by the same letter (s) are not significantly different at 5% level
Initial sample recorded 1.66 and 1.53 % for 2018 and 2019 seasons
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3.2.3 L-ascorbic acid (mg/100 g fresh weight)

As it showed in Table 7, both studied factors
greatly affected L-ascorbic acid content with of “Ca-
nino” apricot fruits during cold storage at 1£1°C for
21 days followed by 5 days at 18+2°C. It is clear that
L-ascorbic acid content was reduced in cold storage
period irrespective of the used treatments or pas-
sive MAP type. For example, L-ascorbic acid value
was 16.67 mg/100 g fresh weight in the beginning
of cold storage duration reduced to 10.56 mg/100g
fresh weight for control after 21 days of storage at
1+1°C in first season of study. However, all applied
treatments were effective in reducing the rate of L-
ascorbic acid losses than control during cold stor-
age durations or marketing period. After 21 days of
cold storage and during marketing period, the high-
est values of L- ascorbic acid were recorded by 1.0
Mm SA and 0.4 % PEG in both seasons and both
types of passive modified atmosphere packaging.
The second type of passive modified atmosphere
packaging (polypropylene film, PPF) was more ef-
fective than the first type (polyethylene tereph-
thalate, PET) in presering L- ascorbic acid content
from losses during cold storage at 1+1°C for 21 days
followed by 5 days at 18+2°C.

Alejandra et al (2017), illustrated that, the lower-
ing patterns in total acidity during the duration of
cold storage resulted from the decrease in the con-
sumption of organic acids and their conversion into
sugars during the metabolism process in the respir-
atory system and utilized by enzymatic activities. In
addition, salicylic acid is efficiently protected the cell
walls through lowering the degrading enzymes and
end result prevented the rise in TSS content of the
cells (Ezzat 2014). However, Lu et al (2011) found
that salicylic acid belated the decline of ascorbic
acid content and avoided its devastation, so en-
hance the fruit quality.

Application of citric acid on fruits has been
proven to enhance catalase enzyme action (Yoruk
et al 2005). It was also confirmed that treating plants
with ascorbic acid and citric acid improved the qual-
ity of the fruit. For example, antioxidants, total solu-
ble solids, total acidity, total sugars, ascorbic acid
content, and crop yield improvement L-ascorbic
acid content, and enhance crops yield (El-Hifny and
El-Sayed 2011) and Khreba et al (2014) located
that, packed film fruits safeguard its level of ascorbic
acid contrast the control fruits during cold storage.
The reduction in ascorbic acid values during the
duration of cold storage may be due to the corrosion
of ascorbic acid to dehydrocorbic acid, Furthermore,
rise COz led to a delay the change in ascorbic acid
level of fruits through cold storage (Akbudak 2008).
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Packed strawberry fruits in passive modified atmos-
phere decreased respiration rate for this reason de-
creasing the lack of ascorbic acid (Mohammadi and
Hanafi 2014).

3.2.4. Total phenols (mg/100g f.wt.)

Itis clear from data in Table 8 that total phenols
greatly affected with the post-harvest treatments
and the two types of passive modified atmosphere
packaging in “Canino” apricot fruits during cold stor-
age and marketing durations. It is well known that,
phenolic compounds are one of the defenses
against chilling injury or low temperature effects dur-
ing cold storage. The treated apricot fruits with 1.0
mM SA, 0.4% PEG and combined treatment of
Ascorbic and Citric acids (1:0.5) increased total
phenols values during cold storage at 1+1°C for 21
days. On the contrary, the untreated apricot fruits or
treated with low concentrations from the previous
treatments led to a gradual decrease in the phenolic
compounds Compared the initial sample. The treat-
ments of 1.0 mM SA and 0.4 % PEG were superior
than other in this respect. Total phenol decreased
from 0.483 mg/100 g f.wt as initial sample to 0.295
mg/100g f. wt.in control compared to an evident in-
crease to 0.591 mg/100g f.wt. in 1.0 mM SA. The
end of 5 days for marketing assimilation, total phe-
nol was decreased either with treated or untreated
fruits; the treatment of 1.0 mM SA was effective in
recording the highest values of total phenols in both
seasons and both types of passive modified atmos-
phere packaging. In addition, the second type of
passive modified atmosphere packaging (polypro-
pylene film, PPF) was more effective than the first
type of passive MAP (polyethylene terephthalate,
PET) in effecting total phenols of “Canino” apricot
fruits. In general, Phenolic compounds act as natu-
ral antioxidants, inhibitors for the production of free
radicals, and catalysts for the production of antioxi-
dants are considered one of the most important sec-
ondary receptors necessary (Hossain et al 2009).
The increase in the synthesis of phenols by ascorbic
acid or citric acid is due to the positive role of anti-
oxidants in lowering the respiratory rate. Ascorbic
acid and citric acid have been shown to enhance the
activity of the enzyme responsible for the biosynthe-
sis of phenol in fruits. It also has an exogenous func-
tion and an important role in the accumulation of
carbohydrates, thus forming soluble sugars and be-
ing basic substrates for the accumulation of various
secondary receptors such as flavonoids and phe-
nols, in excess by ascorbic and citric treatment
(Shazly et al 2013).
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Table 7. Effect of some post-harvest substances dipping and type of passive modified atmosphere packag-
ing on L Ascorbic acid (mg/100 g f.wt.) of “Canino” apricot fruits stored at 1+1°C followed by 5 days at 18°C
during 2018 and 2019 seasons

Passive Modified Atmosphere Packaging

Polyethylene Terephthalate (PET) Polypropylene Film (PPF)
Treatments Days in cold storage 5 days Days in cold storage 5 days
(1+1°C) at (1+1°C) at
7 | 14 | 21 18 + 2°C 7 | 14 | 2 18 + 2°C
2018 Season
Control 14.72b | 12.20d | 10.56d 713 e | 1536a | 13.66d | 1184e 84le

0.5 mM SA 14.80 b 12.74d 11.19¢c 8.11d 1551a | 14.41cd | 12.55d 9.88 d
1.0 mM SA 1565a | 14.87ab | 13.75a 11.72a | 16.17a | 16.01a 15.15a 13.16 a
1.0.05 A:C | 15.44ab | 14.10bc | 12.83b 10.34b | 15.78a | 15.12bc | 13.25¢ 11.12c
1.0:1.0 A:C | 15.04ab | 13.42c 11.78 c 9.03c 15.54a | 14.63bc | 13.11c | 10.61cd
0.2% PEG | 15.36ab | 13.76c 11.34c 9.43c 15.72a | 1496 bc | 13.42¢c 10.25d
0.4% PEG | 15.34ab | 1494a | 13.18ab | 11.16a | 16.13a | 15.35ab | 14.49b 12.59 b
2019 Season
Control 1556 b 13.56 ¢ 11.55d 8.26 e 16.11a | 14.12d 12.06d 9.23 e
0.5 mM SA 15.62 b 13.84c 11.62d 9.53cd | 16.14a | 14.36d | 12.36 cd 9.94 d
1.0mMSA | 16.52ab | 14.75ab | 13.18ab | 11.95ab | 17.03a | 15.84ab | 14.67 a 13.58 a
1.0:05 A:C | 16.05ab | 14.26bc | 1291b 11.32b | 16.36a | 15.23bc | 13.88b 12.07 b
1.0:1.0 A:C | 15.77b 13.87c | 12.16cd 9.34d 16.20a | 14.79cd | 1251 cd | 10.76c
0.2% PEG | 16.16ab | 14.05bc | 12.84bc | 10.16c | 16.25a | 1459cd | 12.95¢c 11.21c
0.4 % PEG 16.81 a 15.10 a 13.74 a 12.13a | 16.85a | 16.07 a 1493 a 13.24
Values followed by the same letter (s) are not significantly different at 5% level
Initial sample recorded 16.67 and 17.88 & mg/100 g f.wt) for 2018 and 2019 seasons

Table 8. Effect of some post-harvest substances dipping and type of passive modified atmosphere packag-
ing on Total phenol (mg/100g f.wt.) of “Canino” apricot fruits stored at 1+1°C followed by 5 at 18+2°C during
2018 and 2019 seasons

Passive Modified Atmosphere Packaging

Polyethylene Terephthalate (PET) Polypropylene Film (PPF)
Treatments Days in cold storage 5 days Days in cold storage 5 days
(1+1°C) at (1+1°C) at
7 | 14 ] 21 18 + 2°C 7 | 14 ] 21 18 + 2°C
Season 2018
Control 0.384c 0.359d | 0.261e | 0.295e 0.462 c 0.428 d 0.317e 0.314 e

0.5 mM SA 0.458 b 0.419c | 0.346d | 0.378d | 0.508bc | 0.481d 0.403d 0.390d
1.0 mM SA 0.539 a 0.603a | 0.655a | 0.591a 0.636 a 0.671a 0.732 a 0.662 a
1.0.05A:C | 0.492ab | 0.543ab | 0.578b | 0.507b | 0.572ab | 0.595bc | 0.651b 0.579b
1.0:10A:C | 0.468hb 0.507b | 0.485c | 0.429c¢ | 0.525bc | 0.554 ¢ 0.569 c 0.485¢c
0.2% PEG | 0.505ab | 0.516b | 0.503¢c | 0.473bc | 0.542b | 0.574bc | 0.611bc | 0.523¢c
0.4 % PEG 0.521a 0.577a | 0.625ab | 0.588 a 0.613a | 0.641ab | 0.706 a 0.638 a
Season 2019
Control 0.326¢c | 0.254d | 0.217e | 0.211e | 0.387c | 0.322d | 0.286e | 0.251e
0.5 mM SA 0.388 b 0.406c¢ | 0.297d | 0.263de | 0.422¢c 0.457c 0.381d 0.354d
1.0mMSA | 0.443ab | 0.476 ab | 0.526ab | 0.488 a 0.554 a 0.591 a 0.644 a 0.560 a
1.0:0.5A:.C | 0.424ab | 0.455a-c | 0.478b | 0.406b | 0.516ab | 0.543ab | 0.584 b 0.485b
1.0:1.0 A:.C 0.394b | 0.423bc | 0.381c | 0.312cd | 0.448 bc | 0.479bc | 0.462c | 0.432 bc
0.2 % PEG 0.408b | 0.439bc | 0.405c | 0.383b 0.481b | 0.515bc | 0.532b 0.387 c
0.4 % PEG 0.467 a 0.506a | 0.542a | 0.467 a 0.569 a 0.608 a 0.652 a 0.554 a
Values followed by the same letter (s) are not significantly different at 5% level
Initial sample recorded 0.483 and 0.406 (mg/ g f.wt) for 2018 and 2019 seasons
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3.2.5. Total carotenoids (mg/100g f.wt.)

An evident increase in total carotenoids (Table
9) in “Canino” apricot fruits due to the applied treat-
ments and two types of MAP during cold storage
and marketing durations. All applied treatments ex-
hibited higher values of total carotenoids than the
control, but the treatments of 1.0 mM SA and the
treatments combined of 1:0.5 ratio of ascorbic and
citric acids were more effective than other. Total ca-
rotenoids component is important as a mean source
for vitamin A in apricot fruits and increasing it con-
sidered a good obtaining in this research. Also, the
second type of passive MAP (polypropylene film,
PPF) was more effective than first of passive MAP
(polyethylene terephthalate, PET) in effecting total
carotenoids in apricot fruits during cold storage and
marketing durations in both seasons under studied.
Salicylic acid acts as anti-ethylene persist for a
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lengthy time also deferment, the peaks of respira-
tion and ethylene production, consequently reduces
the ripening processes of fruits. The slowing down
of the change from chlorophyll into carotenoids dur-
ing cold storage by reducing the activities of the de-
grading enzyme chlorophyll (Cheng et al 2012).

Polyethylene glycol (PEG) is a low toxic hydro-
philic alcohol polymer with high water solubility. It
has been used as an inert non-penetrating osmoti-
cum. It forms hydrogen bonds with water lowering
the water manageable of cultures (Fontana et al
2008). Passive film of packages, reduce respiration
rate and inhibit ripening processes which decrease
the synthesis of pigments , and it may be because
passive modified atmosphere packaging partially
inhibits the active in polyphenol oxidase, which is
related with degradation of the pigments (Moretti et
al 2007).

Table 9. Effect of some post-harvest substances dipping and type of passive modified atmosphere packag-
ing on total caroteniodes (mg/100 g f.wt) of “Canino” apricot fruits stored at 1+1°C followed by 5 days at 18°C

during 2018 and 2019 seasons

Passive Modified Atmosphere Packaging
Polyethylene Terephthalate (PET) Polypropylene Film (PPF)
Treatments Days in cold storage 5 days Days in cold storage 5 days
(1+£1°C) at (1£1°C) at
7 14 | 21 18 + 2°C 7 | 14 21 18 + 2°C
Season 2018
Control 1.58 a 1.66c 1.51d 129e 155b 171c 1.62d 143 e
0.5 mM SA 160a | 1.71bc | 1.74 bc 147d 1.60ab | 1.76 bc 1.73¢c 1.64d
1.0 mM SA 1.65a 1.78a | 18lab 184a 1.64 a 186a 1.98a 1.94a
1.0.05 A:C | 163a | 1.73ab | 1.85a 1.72b 163a | 1.8lab | 1.88b 1.83b
1.0:1.0 A:C | 1.60a | 1.68bc | 1.72 hc 1.60c 159ab | 1.80ab | 1.87b 1.71cd
0.2 % PEG 157a | 1.70 bc 1.66c¢c 1.64 bc 1.61lab | 1.78 bc 1.80c 1.77 bc
0.4 % PEG 161 a | 1.74ab | 1.79 ab 18la 163a | 1.82ab | 1.91ab | 1.86ab
Season 2019
Control 1.66 a 1.72c 1.63d 141e 1.69a 1.75¢c 1.70 e 157e
0.5 mM SA 1.63a | 1.78ab 174 c 157d 1.63b 180bc | 1.78d 1.70d
1.0 mM SA 1.68a 1.84a 1.93a 189a 1.67ab | 1.89a 2.03a 2.07a
1.0.05 A:C | 1.60a | 1.77bc | 1.81hc 176 b 1.66ab | 1.83ab | 1.91 bc 1.90 bc
1.0:1.0 A:C | 1.63a | 1.75bc 174 c 1.61cd 161b | 1.83ab | 1.87c 1.75¢c
0.2 % PEG 1.62a 1.83a 177c 1.65c¢ 1.64ab | 1.85ab | 1.93 bc 1.83¢c
0.4 % PEG 167a | 1.80ab | 1.87 ab 1.82ab | 1.67ab | 1.87a | 1.96ab 1.95b

Values followed by the same letter (s) are not significantly different at 5% level

Initial sample recorded 1.45 and 1.58 & mg/100 g f.wt) for 2018 and 2019 seasons
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3.3. Physiological attributes

3.3.1. Peroxidase and Catalase Enzymes activi-
ties: (L mol mint mg™ protein)

Data in Table 10 show that both peroxidase and
catalase enzymes activates contents greatly af-
fected by both studied factors during storage dura-
tions Regarding peroxidase enzyme activity, it is
clear that an evident reduction with control and 0.5
mM SA treatments were noticed either after cold
storage or marketing periods. However, all other ap-
plied treatments exhibited higher values of peroxi-
dase enzyme Regarding peroxidase enzyme activ-
ity and the treatments of 1.0 mM SA and 0.4 % PEG
were more effective and recording the highest val-
ues in this respect without significant differences be-
tween them

On the other side, the second type of passive
modified atmosphere packaging (polypropylene
film, PPF) was superior than the first type (polyeth-
ylene terephthalate, PET) in recording highest val-
ues of peroxidase enzyme activity in all samples in
both seasons. Peroxidase enzyme values activity
showed that initial sample was 13.54 p mol min-1
mg-1 protein, after finished from cold storage dura-
tion reduced to 10.53 in untreated fruits whereas in-
creased to 17.39 with 0.4 PEG treatment during the
first season. Catalase enzyme activity followed sim-
ilar trend to those found in peroxidase enzyme.
However, all applied treatments except 0.5 mM SA
increased catalase enzyme activity than control ei-
ther after finished from cold storage or marketing
durations. Also, the second type of passive MAP
was more effective than first type in recording high
values of catalase enzyme in all cases. For in-
stance, catalase enzyme activity was 0.97 p mol
min-1 mg-1 protein reduced to 0.81 p mol min-1 mg-
1 protein in the control compared to 1.33 g mol
min-1 mg-1 protein in 0.4 % PEG. The great effect

to applied treatments and the second type of pas-
sive MAP (polypropylene film, PPF) on increasing
peroxidase and catalase enzymes activity are cor-
related with preservation on fruit quality during stor-
age and minimize physiological disorders incidence.

The reason for oxidation of lipid membranes is
the presence of reactive oxygen species that cause
severe damage to the cell membrane, which leads
to creating in fruits senescence (Karuppanapandian
et al 2011). There have been many defensive en-
zymes that eradicated active oxygen in plant tissues
for example peroxidase and catalase enzymes
which play a significant preventive function in oppo-
sition to oxidative damages induced caused by re-
active oxygen species and gives cellular resistance
towards the toxicity of H202 (Sharma et al 2012).
The oxide radicals are changing into H202 in end
result of SOD activity enzyme and the identical is
disintegrating into water and oxygen by activities
peroxidase and catalase enzymes. There is a close
relationship between the activity of antioxidant en-
zymes, ripening process so fruits senescence
(Tareen et al 2012).

In this respect, Mohamed et al (2016), treated
fruits with salicylic acid have shown a persistent rise
in antioxidant activity during cold storage than con-
trol fruits. Dipping fruits of salicylic acid have
showed an increase activity of antioxidant enzymes.
Ascorbic acid is also, a main metabolite in plants
that have antioxidant characteristic. It is possible
that, catalase action raises the level of ascorbic acid
and thus increases in dealing with oxidative stress
(Dixit et al 2001). Yoruk et al (2005) proposed that,
ascorbic acid is may promote catalase and peroxi-
dase enzymes activity by lowering pH of the cells
.Polyethylene glycol (PEG), soluble in water, non-
toxic, and safe for coating .Used PEG may impact,
the water vapor permeability of the coating, this pre-
treatment of PEG increases levels of oxidative en-
zymes catalase and peroxidase (Anan et al 2007).
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Table 10. Effect of some post-harvest substances dipping and type of passive modified atmosphere pack-
aging on peroxidase and catalase enzymes activities (umol min mg™ protein) of “Canino” apricot fruits
stored at 0+1°C followed by 5 days at 18°C during 2018 and 2019 seasons

Peroxidase enzyme Catalase enzyme
Polyethylene Polypropylene Film Polyethylene Polypropylene Film

Treatments Terephthalate (PET) (PPF) Terephthalate (PET) (PPF)

Out of | 5 days Out of 5 days Out of | 5 days Out of | 5 days
cold Marketale cold Marketabe| cold Marketae cold |Marketabe
storage Life storage Life storage Life storage Life
2018 Season
Control 1053 e 8.11e 12.17 e 10.84 e 0.81d 0.74 e 0.92e 0.85d
0.5mMSA | 12.37d | 10.89d 14.46d 12.91d 0.93¢c 0.84 de 1.06d 0.97c
1.0mMMSA | 17.13a | 18.34a 19.27 a 20.39a | 1.25a 117 a 155a 146 a
1.0.05 A:C| 15.45b | 15.11b 17.25b 18.07 b 1.12b 1.06 b 1.29b 1.22b
1.0:1.0 A:C|14.77bc | 13.63c 16.18 bc 15.26 ¢ | 1.00 bc 0.93c 1.13 cd 1.04c
0.2% PEG | 14.38c¢c | 14.05bc | 15.72cd 14.83c [1.02bc| 0.88cd | 1.17 bc 1.05c
0.4%PEG | 16.61a | 17.39a 18.75a 19.13ab | 1.33a 1.25a 142 a 1.37a
2019 Season

Control 9.76 e 8.09e 11.19e 10.05e 0.76 f 0.69e 0.85e 0.76 e
0.5mM SA | 11.05d 9.73d 12.65d 11.42d 0.87 e 0.77d 0.98d 0.87d
1.O0mMMSA | 15.74a | 16.56a 18.42 a 19.13a | 1.16a 1.10a 141 a 1.33a
1.0.05 A:C| 14.42b | 13.90b 16.21 bc 16.66 b | 1.05bc 0.96 b 1.23b 1.15b
1.0:1.0 A;:C| 12.58c | 10.86d 1554 ¢ 13.21c¢c |0.96cd 0.84c 1.05 cd 0.97c
0.2% PEG | 13.34c | 12.22c 1497 ¢ 14.07c [098cd| 0.90bc | 1.12bc | 0.93cd
0.4 % PEG | 15.07ab | 15.74a 17.03 b 17.82b |1.11ab 1.04 a 1.36a 1.18b

Values followed by the same letter (s) are not significantly different at 5% level
Initial sample for peroxidase enzyme recorded 13.54 and 11.95 & catalase enzyme recorded 0.97 and 0.8611 (umol min-

1 mg-1 protein) for 2018 and 2019 seasons

3.3.2. Electrolyte leakage % (EC)

As it shown in Table 11, electrolyte leakage %
greatly affected with both studied factors during cold
storage and marketing periods. It is well known that,
is a good parameter to measure quality preservation
of fruits during cold storage. However, all applied
treatments greatly decreased EC% than control dur-
ing cold storage at 1 + 1°C for 21 days followed by
5 days at 18 + 2°C as a marketing period. The treat-
ments of 1.0mM SA and 0.4 % PEG were more ef-
fective than other treatments in recording the least
values of EC%. It could be concluded that as EC%
decreased, the quality of apricot fruits are in-
creased, due to that the increase of electrolyte leak-
age % mean that fruits tissue become more soft and
cell sap become more succulence and leakage out
of cells .The second type of passive MAP (polypro-
pylene film, PPF) was more effective than first type
(polyethylene terephthalate, PET) in recording least
values of EC% during cold storage and marketing
periods in both seasons.

Khademi and Ershadi (2013) explained that the
reduction of salicylic acid treatments and the activity
of enzymes led to cell wall degradation, which in-
creases the post-harvest cycle and delay fruit ripen-
ing and inducing systemic resistances towards post-
harvest pathogen which prolong storability of fruits
with greater antioxidant recreation that activates
natural protection mechanism. PEG is a flexible,
water-soluble polymer used in the manufacture,
which has a high osmotic pressure and likewise,
specific interactions with biological materials. These
characteristic make PEG one of the most useful ma-
terials for applying osmotic pressure experiments in
bio membranes and biochemistry. It is also used as
a multi-surface coating in both agueous and non-
agueous environments. (Wenande and Garvey
2016). Water satiated atmosphere inside the pack-
ages controlled water loss and delayed senescence
in the absence of water stress and thereby e pro-
longed postharvest longevity of fruits. Besides,
modified atmosphere packaging can efficaciously
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Table 11. Effect of some post-harvest substances dipping and type of passive modified atmosphere pack-
aging on electrolyte leakage % (EC) of “Canino” apricot fruits stored at 1+1°C followed by 5 days at 18+2°C

during 2018 and 2019 seasons

Passive Modified Atmosphere Packaging
Polyethylene Terephthalate (PET) Polypropylene Film (PPF)
Treatments Days in cold storage 5 days Days in cold storage 5 days
(1 £1°C) at (1 £1°C) at
7 | 14 | 21 18 + 2°C 7 | 14 | 2 18 + 2°C
2018 Season
Control 32.7ab | 469a 59.8a 743 a 31.0a 40.8 a 474 a 66.1a
05mMMSA | 331ab | 42.1b 54.4 b 718a 30.6ab | 39.8ab | 44.1b 62.4b
1.0 mM SA 316b | 39.0cd | 46.3d 52.7d 29.3 bc 35.1c | 38.2de 43.0e
1.0:05 A:C | 334ab | 414bc | 494c 60.1c 30.1ab 359¢c 40.3 ¢ 48.9d
1.0:1.0 A:C | 34.7a 432b | 51.3bc 64.5b 29.6bc | 38.6ab | 449ab 57.2¢
0.2 % PEG 329ab | 425b | 52.0bc 63.4b 30.4ab | 374bc | 42.7c 56.5 ¢
0.4 % PEG 314b 37.8d 45.6 d 54.6 d 28.6 c 34.7c 36.7¢ 46.3d
2019 Season
Control 36.0ab | 47.7a 57.6a 70.6 a 34.2a 41.1a 50.3 a 64.9 a
05mMMSA | 35.6ab | 435hb 52.9b 67.8 a 33.1ab | 39.2ab | 46.6b 615b
1.0mMSA | 35.0ab | 385¢c 45.3d 54.2 e 3l6¢c 35.4d 38.9d 46.4 e
1.0:05 A:C | 346D 43.6 b 49.1¢ 59.4 cd 33.0ab | 37.3cd | 435¢c 55.2 ¢
1.0:1.0 A:C | 36.7a 429b 53.8 b 61.4bc | 33.3 ab | 39.8ab | 46.1hc 54.3 ¢
0.2 % PEG 35.2ab | 41.4bc | 50.4 bc 63.9b 325bc | 38.0bc | 45.0bc | 52.8cd
0.4 % PEG 34.2b 39.1c | 475cd | 56.7de 32.0bc | 37.2cd | 40.2d 49.7d

Values followed by the same letter (s) are not significantly different at 5% level
Initial sample recorded 27.1 and 30.3 % (EC) for 2018 and 2019 seasons

inhibit the cell permeability increasing, for this rea-
son the fruit firmness was maintained during stor-
age (Oliveira et al 2015). However, Attica (2005)
found that CO2 enhanced firmness of fruits, be-
cause it increases the strength of the bonds be-
tween the cells and changes in conductivity. In ad-
dition, changes in pH are related to the CO2 stabil-
ity-enhancing mechanism (Shehata et al 2009).

3.3.3. Respiration rate (mg CO2/kg herb/hr.)

Data in Table 12 show that the respiration rate
was deceased after 7 days them in cold storage and
during marketing period. However, all used treat-
ments greatly decreased respiration rate than con-
trol after 7, 14 and 21 days of cold storage at 1+1°C.
followed by 5 days at 18+2°C as a marketing assim-
ilation. The treatments of 1.0mM SA and 0.4 % PEG
were effective than other treatments in recording

less values of respiration rate during cold storage
at 1+1°C. followed by marketing period at 18+2°C
Respiration rate data recorded by the second type
of passive MAP were less than those recoded by
the first type of passive MAP regardless of the used
treatments. The increase of respiration rate led to
consumption dry matter and increase of weight
loss% “Canino” apricot fruits which previously dis-
cussed.

Kato-Noguchi and Watada (1997) located that
the use of citric acid decreased the respiratory rate.
It is also considered one of the factors that control
the metabolism of the respiratory system cell, as it
inhibits the accumulation of cytosolic pyruvate ki-
nase activity, which raises the level of phosphoinol
pyruvate in the cytosol and in turn reduces the con-
version of fructose-6-phosphate to fructose-1.6-bio-
phosphate, thus lowering glycolysis. Besides, it low-
ers the cellular pH and thus directly affects the ac-
tivity of the phosphofructokinase enzyme.
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Table 12. Effect of some post-harvest substances dipping and type of passive modified atmosphere pack-
aging on respiration rate (mg COz2 / kg fruits / hr) of “Canino” apricot fruits stored at 1+1°C followed by 5 days

at 18+2°C during 2018 and 2019 seasons

Passive Modified Atmosphere Packaging
Polyethylene Terephthalate (PET) Polypropylene Film (PPF)
Treatments Days in cold storage 5 days Days in cold storage 5 days
(1 £1°C) at (1 £1°C) at
7 14 | 21 18 + 2°C 7 | 14 | 21 18 + 2°C
2018 Season
Control 3.14a 5.25a 8.11la 13.15a 2.26a 3.75a 6.08 a 11.35a
0.5 mM SA 2.92 ab 4.70 a 7.23b 12.56 a 2.14 ab 3.31b 5.52b 10.17 b
1.0 mM SA 2.32¢c 2.87d 4.38d 8.42d 1.79c 2.44d 3.82e 6.20 f
1.0:05 A:C | 2.68bc | 3.36b-d | 5.03cd | 9.28cd 1.93bc | 281cd | 4.57d 7.91 de
1.0:1.0 A:C | 281ab | 3.59bc 5.66 ¢ 11.15b | 2.07ab | 3.13bc | 4.92cd 9.04c
0.2 % PEG 2.76 ab 3.85b 6.49 b 10.63b | 1.91bc | 3.05bc | 5.14bc | 8.63cd
0.4 % PEG 256bc | 3.14cd 4.79d 9.52¢ 1.86¢c 2.53d 4.03 e 7.19e
2019 Season
Control 3.73a 548 a 8.48 a 1459 a 272a 418 a 6.36 a 12.71a
0.5 mM SA 345a 5.06 a 7.76ab | 14.34a 2.68a 3.62b 5.66 b 11.10b
1.0 mM SA 2.65 bc 3.21d 5.11d 9.24d 197c 2.69 cd 3.53d 7.77e
1.0:05 A:C | 2.74bc | 3.97bc 6.43 ¢ 11.10c | 250ab | 2.94cd | 4.11cd | 8.45de
1.0:1.0 A:C | 327a 456 b 7.19bc | 1251b 2.38b | 3.14bc | 4.63c 9.78 ¢
0.2 % PEG 3.16ab | 4.14bc 6.74 c 13.06b | 2.21bc | 2.88cd | 4.45c 9.22 cd
0.4 % PEG 2.60c 3.56 cd 5.62d | 10.14cd 211c 2.51d 3.82d 8.06 e

Values followed by the same letter (s) are not significantly different at 5% level
Initial sample recorded 6.79 and 7.31 (mg CO2/ kg / hr) for 2018 and 2019 seasons

4 Conclusion

From the obtained data it could be successfully
stored % “Canino” apricot fruits at 1£1°C. For 21
days followed by 5 days at 18+2°C as a marketing
assimilation. The quality of “Canino” apricot fruits
are increased, with 1.0 mM SA, combined of 1:0.5
ratio of ascorbic and citric acids and 0.4 % PEG
treatments. In addition, polypropylene film, as type
of passive modified atmosphere packaging was
more effective in effecting storage of “Canino” apri-
cot fruits.
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