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Abstract

Background: Plum fruit has a short shelf life with a rapid deterioration in quality after harvest. The main aim of this
study was to evaluate the effect of preharvest treatments by moringa leaf extract (MLE), boric acid (B), and chelated
calcium (Ca EDTA) on Hollywood plum fruit quality attributes bioactive compounds and antioxidant activity during
cold storage. Plum trees were sprayed twice: at full bloom stage and 1 month later with T1, 5% MLE + 1% B + 2%
Ca EDTA; T2, 5% MLE + 2% B + 3% Ca EDTA; T3, 10% MLE + 1% B + 2% Ca EDTA; T4, 10% MLE + 2% B + 3% Ca
EDTA; and T5, water only as control. At maturity stage, fruits were harvested and stored at 0 ± 1 °C and RH 85–90%
for 8 weeks.

Results: At the end of storage, all studied treatments exhibited significantly higher sensory quality: firmness, color,
soluble solid content:titratable acidity ratio, total anthocyanin content, total flavonoids content, total phenolic
content, and antioxidant activity than control.

Conclusions: It could be concluded that preharvest treatment with moringa leaf extract, boric acid, and chelated
calcium could be a safe and eco-friendly to improve and maintain plum quality attributes and especially their
content of antioxidant compounds during cold storage periods.
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Introduction
Plum (Prunus domestica L. cv. Hollywood) is climacteric
fruit with a limited postharvest storage life due to the
physicochemical changes associated with ripening, such
as changes in color, texture, total soluble solids, and
titratable acidity, which accelerated by ethylene produc-
tion. Moreover, fruit continues to respire even after har-
vest that leads to increase postharvest losses. These
losses can be visualized in terms of shrinkage which ren-
ders the softening of the fruits and lose their commercial
quality in a short period (Lelièvre et al. 1997). There

were many effective ways to prolong fruit storability.
These ways have a direct effect on fruit quality and their
postharvest behavior among these ways is the preharvest
mineral nutrition treatments. Mineral nutrition is re-
ported to influence the storage fruits’ quality in many
ways. Of particular importance is calcium, a deficiency
of which may induce a range of postharvest disorders in
several fruits (Shear 1975).
Calcium has been reported to maintain the cell wall

structure in fruits by interacting with pectins in the cell
wall to form calcium pectate which assists molecular
bonding between constituents of the cell wall (Dong
et al. 2000). Calcium also increases cell turgor pressure
and stabilizes the cell membrane (Hernandez and
Munoz 2006). Calcium is known to strengthen the
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structure of cells by maintaining the fibrillary packaging
in the cell walls thus reinforcing the cell to cell contact
which is related to the formation of calcium pectate and
counteracts the pectin methyl esterase, peroxidases, and
catalases activity (Alandes et al. 2009; Shirzadeh and
Kazemi 2011). It is also known to bind with the free
carboxylic group released during degradation of cell wall
component (Degraeve et al. 2003) by pectin methyl es-
terase and polygalacturanase and thus improves the fruit
firmness, slow down ripening process, and prolonging
shelf life of fruits.
Boron is an essential micronutrient required for opti-

mal yield and fruit quality. It is important in pollen tube
growth, successful fruit set, and formation of feeder
roots. Symptoms of boron deficiency include internal
and external core formation in fruits and the develop-
ment of small-deformed fruits (Donald et al. 1998).
Boron influenced the metabolic activities by interacting
with magnesium, calcium, and vitamin D (Chapin et al.
1998). Boron has disinfectant and bactericidal properties
which suppress the postharvest rotting in fruit and plays
an important role in maintaining the rigidity of cell wall
and phenolic concentration (Pilbeam and Kirkby 1983).
Exogenous application of boron was shown to alleviate
the occurrence of browning in fruits during controlled
atmosphere storage (Xuan et al. 2005). Due to the asso-
ciation of boron with antioxidant enzymes, it prevents
oxidative damage of the fungal pathogen (Shi et al.
2012). Foliar applications of boric acid improve the
physical and chemical characteristics, enhance the stor-
age life of apple fruits (Khalifa et al. 2009), retarded the
degradation of color, titratable acidity, soluble solid con-
tent, and maintained higher fruit firmness and total
phenolic content of stored “Patharnakh” pear than con-
trol (Kaur et al. 2019). Spraying boron in combination
with calcium increased the fruit firmness, total soluble
solid, and total sugar contents and reduced fruit decay
and phenol contents during storage of date palm fruits
(Omaima et al. 2011) and Florida Prince peach (Hemat
et al. 2014).
Moringa (Moringa oleifera L.) is one of such alterna-

tives, being investigated to ascertain its effect on growth
and yield of crops and thus can be promoted among
farmers as a possible supplement or substitute to inor-
ganic fertilizers (Phiri and Mbewe 2010). Different parts
of this plant contain a profile of important minerals,
proteins, vitamins, β carotene, amino acids, and various
phenolics and provide a rich and rare combination of ze-
atin with several flavonoid pigments (Siddhuraju and
Becker 2003). So it is a good source of natural antioxi-
dants (Jacob and Shenbagaraman 2011). Several studies
pointed out that spraying moringa leaf extract increased
the yield and percentage of marketable fruit and de-
creases in number and percentage unmarketable fruits

(Sheren and El-Amary 2015; Nasira et al. 2016). Moreover,
it increases ascorbic acid, anthocyanin content, and anti-
oxidant activity of Hollywood plum (Thanaa et al. 2017).
The aim of this research was to evaluate the effect of

preharvest treatments by combination of moringa leaf
extract, boric acid, and chelated calcium on fruit quality
attributes and antioxidant of Hollywood plum fruits dur-
ing cold storage.

Materials and methods
This study was carried out during two successive seasons
2018 and 2019 on 10 years old Hollywood plum trees
(Prunus domestica L.) budded on Marianna (P. cerasifera
x P. munsoniana) plum rootstock and planted at 5 × 5
m in loamy clay soil. Trees were irrigated by surface irri-
gation system in a private orchard at Ashmoun, Menofia
Governorate, Egypt. Fifteen trees uniform in vigor,
trained on open vase training system, were chosen ran-
domly as three trees/treatment. Selected trees were
sprayed twice: at full bloom stage and 1 month later dur-
ing the years 2018 and 2019. The treatments applied
were as follows:
T1, 5% MLE + 1% B + 2% Ca EDTA
T2, 5% MLE + 2% B + 3% Ca EDTA
T3, 10% MLE + 1% B + 2% Ca EDTA
T4, 10% MLE + 2% B + 3% Ca EDTA
T5, water only (control)

Preparation of moringa leaf extract
The aqueous extract of moringa leaves was prepared by
soaking 100 g of air-dried moringa leaves in 1 l of water for
24 h then filtered and diluted with water to 5% and 10%.
Trees were sprayed directly with this solution thoroughly
till it run off. Tween-20 at 0.01% was added as a surfactant.
Plum fruits were harvested at maturity stage in the

first week of June during each studying seasons. Fruits
were free from apparent pathogen infection, uniform in
shape, weight, and color picked separately from each
treatment. Fruits were transported to the laboratory and
packed in perforated carton boxes in three replicates for
each treatment. Each treatment packed in six boxes; it is
classified into three groups. First group contains fruits
for periodical determination of the physical and chem-
ical properties, second group contains fruits for deter-
mination of the weight loss, and third group contains
fruits for determination of the decay percentage. Fruits
stored at 0 ± 1 °C with relative humidity (RH) 85–90%
for 8 weeks. Assay of the stored fruits was determined at
2-week intervals, as follows:

Physical properties
Weight loss percentage
The difference between the initial weight of the fruits at
the beginning of storage and that recorded at the date of
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sampling was translated as weight loss percentage and
calculated as follows:

Weight loss% ¼ Weight at the date of sampling gð Þ
Initial weight of the fruits gð Þ � 100

Fruit Firmness (Lb/inch2)
Fruit firmness was determined as Lb/inch2 by using fruit
pressure tester mod. FT 327 (3–27 Lbs).

Fruit color
Lightness and hue angle were estimated using Minolta
Calorimeter (Minolta Co. Ltd., Osaka, Japan) as de-
scribed by (Mc Gire 1992).

Decay percentage
The percentage of disordered fruits included all of the
spoiled fruits resulted from rots, fungus, bacterial, and
pathogens were assessed and the defects were calculated
as follows:

Decay% ¼ No:of fruit decay
No: of fruit at the beginning of storage

� 100

Chemical properties
Soluble solid content (SSC):titratable acidity (TA) ratio
Percentage of SSC was determined in plum fruit juice
using Digital refractometer PR32 (0.32% Atago Palete
ATago.CO . LTD. Japan); TA was determined by titrat-
ing the juice against 0.1 N sodium hydroxide using phe-
nolphthalein indicator and expressed as percentage of
malic acid according to AOAC (2000) and then the SSC:
TA ratio was calculated.

Total anthocyanin content (TAC)
TAC in juice was evaluated spectrophotometrically using
the pH differential method (Giusti and Wrolstad 2001).

Total flavonoid content (TFC)
The TFC was measured by a colorimetric assay devel-
oped by (Zhishen et al. 1999). The TFC was expressed
as mg quercetin equivalents (QE)/100 g extract.

Total phenolic content (TPC)
TPC in juice was determined using the Folin–Ciocalteu
method (Meighani et al. 2014). Total phenolic content
was expressed as mg gallic acid equivalent in 100 mL of
juice (mg gallic acid/100 mL juice).

Antioxidant activity (AA)
AA was assessed according to the method explained by
Ismail et al. (2009). The antioxidant activity is expressed
in the form of the percentage of free radical scavenging.

Statistical analysis
A randomized complete block design was used to analysis
of variance for comparison between the control and the
other. Treatment data were subjected to statistical analysis
according to the procedures reported by (Snedecor and
Cochran 1990) and means were compared by Duncan’s
multiple range tests at the 5% level of probability.

Results
Physical properties
Weight loss percentage
Data shown in Table 1 clearly indicated that weight loss
percentage increased gradually and significantly with ex-
tending cold storage periods with significant differences
between them during two seasons in this work. The least
value weight loss percentage (5.72 and 6.81%) was ob-
tained by 10% MLE + 1% B + 2% Ca EDTA in both sea-
sons, respectively. On the other hand, fruits treated with
5% MLE + 1% B + 2% Ca EDTA exhibited the highest
value of weight loss percentage (7.19 and 10.40%) in the
two seasons, respectively.
As for interaction, significant differences were detected

in the interaction between the two studied factors (pre-
harvest treatments and storage periods). After 8 weeks of
storage, the least value of weight loss percentage (13.24
and 12.00%) was obtained by fruits treated with 10%
MLE + 1% B + 2% Ca EDTA in the first and second sea-
sons, respectively. On the other hand, the highest value
of weight loss percentage (15.68% in the first season and

Table 1 Effect of preharvest spraying with moringa leaf extract,
boric acid, and chelated calcium on weight loss percentage of
Hollywood plum fruits stored at 0 ± 1 °C and RH 85–90% during
2018 and 2019 seasons

Treatments Storage period per weeks

0 2 4 6 8 Mean

First season; 2018

T1 0.00u 1.82n 4.22 k 14.25 g 15.68a 7.19A

T2 0.00u 1.07 s 2.84 l 13.31 h 14.29f 6.30D

T3 0.00u 1.12r 1.40q 12.83j 13.24i 5.72E

T4 0.00u 0.39 t 1.62p 14.81d 15.17c 6.40C

Control 0.00u 1.69o 2.22 m 14.67e 15.55b 6.83B

Mean 0.00E 1.22D 2.46C 13.97B 14.79A

Second season; 2019

T1 0.00u 1.53p 14.94 g 17.55d 18.00a 10.40A

T2 0.00u 3.92p 11.73 k 15.03f 16.34e 9.40B

T3 0.00u 2.95q 7.46n 11.62 l 12.00j 6.81E

T4 0.00u 1.74 s 9.52 m 12.48i 13.05 h 7.36D

Control 0.00u 2.26r 5.99o 17.86c 17.97b 8.82C

Mean 0.00E 2.48D 9.93C 14.91B 15.47A

Means in each column with similar letters are not significantly different
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18.00% in the second one) was obtained by fruits treated
with 5% MLE + 1% B + 2% Ca EDTA.

Fruit firmness
Data shown in Table 2 illustrated that fruit firmness de-
clined towards the end of storage period (8 weeks). Data
also cleared that all treatments significantly reduced the
rate of fruit firmness decline during storage compared
with control fruits. The highest firmness value was ob-
tained by 10% MLE + 1% B + 2% Ca EDTA treatment in
the two seasons.
Concerning the interaction effect, it is clear that sig-

nificant differences were detected in most treatments.
After 8 weeks of storage, the highest values of firmness
(2.24 and 2.40 Lb/inch2) were obtained by 10% MLE +
1% B + 2% Ca EDTA and 5% MLE + 1% B + 2% Ca
EDTA in the first and second seasons, respectively.
However, the least value of firmness (1.27 and 2.27 Lb/
inch2) was recorded by control fruits in both seasons,
respectively.

Fruit color

Lightness (L*) Data shown in Table 3 indicated that
lightness (L*) decreased gradually significant with
prolonging of storage period during the two seasons.
Data also cleared that fruits treated by 10% MLE + 1%

B + 2% Ca EDTA recorded the highest significant differ-
ence of L* in the two seasons (31.20 and 33.44), respect-
ively, while fruits treated by 5% MLE + 1% B + 2% Ca

EDTA exhibited the lowest values of L* (28.15 and
28.08) in the first and second seasons, respectively.
As for interaction between treatments and storage pe-

riods, we noted significant effect on L* in both seasons
of study. At the end of storage period, 5% MLE + 1% B
+ 2% Ca EDTA and 10% MLE + 1% B + 2% Ca EDTA
treatments gave the highest values of L* (25.67 and
25.47) in the first and second seasons, respectively.
Meanwhile, control treatment exhibited the lowest value
of L* (20.71 and 21.44) during 2017 and 2018 seasons.

Hue angle (h°) Hue angle (h°) was decreased (increase
density of red color) with the advance in cold storage
period (Table 4). Significant differences between all
treatments were observed in 2018 and 2019 seasons.
The lowest value of h° (high density of red color) in the
two seasons was recorded by 10% MLE + 1% B + 2% Ca
EDTA. On the other hand, the highest values were re-
corded with control fruits in both seasons.
As for interaction, there was a significant effect be-

tween the preharvest treatments with moringa leaf ex-
tract, boric acid, and chelated calcium and storage
periods on h°. It is clear from Table 4 that in the end of
storage period, 5% MLE + 1% B + 2% Ca EDTA re-
corded highest values of hue angle in the two seasons.
On the contrary, control and 10% MLE + 1% B + 2% Ca
EDTA treatments gave the least values of hue angle in
the first and second seasons, respectively.

Decay percentage
It is clear from the data in Fig. 1 that all treatments sig-
nificantly decreased decay percentage than the control
fruits. However, all the used treatments did not give any
decay fruits before 8 weeks of storage.
After 8 weeks of storage, data cleared that fruits

treated by 5% MLE + 1% B + 2% Ca EDTA recorded the
lowest significant difference of decay percentage (2 and
5%) in the two seasons, respectively. On the contrary,
control fruit treatment exhibited the highest values of
decay percentage (26.6% and 30.3%) in the first and sec-
ond seasons, respectively.

Chemical properties
Soluble solid content (SSC):titratable acidity (TA) ratio
Regarding the changes in SSC:TA ratio during cold stor-
age period, the results revealed that there was an in-
crease until the 4th week storage (26.86 and 24.91) and
then steadily decreased up to 8 week (8.88 and 8.68) in
two seasons, respectively (Table 5). SSC:TA ratio was af-
fected significantly as result of preharvest spraying with
moringa leaf extract, boric acid, and chelated calcium
during both seasons. Control treatment and fruit treated
by 10% MLE + 2% B + 3% Ca EDTA gave the highest
significant differences in the two seasons, respectively,

Table 2 Effect of preharvest spraying with moringa leaf extract,
boric acid, and chelated calcium on firmness (Lb/inch2) of
Hollywood plum fruits stored at 0 ± 1 °C and RH 85–90% during
2018 and 2019 seasons

Treatments Storage period per weeks

0 2 4 6 8 Mean

First season; 2018

T1 3.27bc 3.27bc 2.80de 2.40f–i 2.13ij 2.77B

T2 3.40b 2.53e-g 2.80de 2.60ef 2.23 h–j 2.71B

T3 3.27bc 2.80de 2.30 g–i 2.30 g–i 2.24 h–j 2.58C

T4 3.87a 3.67a 3.00 cd 2.50f–h 2.20ij 3.05A

Control 3.20bc 2.37f–i 2.00j 1.40 k 1.27 k 2.05D

Mean 3.40A 2.93B 2.58C 2.24D 2.01E

Second season; 2019

T1 4.87a 3.50de 3.23ef 2.40ij 2.40ij 3.28C

T2 4.90a 3.43de 3.03 fg 2.57 h–j 2.28j 3.24C

T3 4.92a 3.57c–e 3.83c 3.70 cd 2.28j 3.66B

T4 5.09a 3.63 cd 4.80a 3.27ef 2.30j 3.82A

Control 4.27b 3.37de 2.83gh 2.67hi 2.27j 3.08D

Mean 4.81A 3.50B 3.55B 2.92C 2.30D

Means in each column with similar letters are not significantly different
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while 5% MLE + 2% B + 3% Ca EDTA recorded the least
value in both seasons.
The interaction between the two studied factors was

significant in the effect on SSC:TA ratio. At the end of
storage periods (8 weeks), the highest values were re-
corded by control fruit in the first season and 5% MLE +
1% B + 2% Ca EDTA in the second one. On the

contrary, 5% MLE + 2% B + 3% Ca EDTA exhibited the
least value in both seasons.

Total anthocyanin content (TAC)
It is clear from the tabulated data in Table 6 that all
treatments significantly increased total anthocyanin con-
tent than the control fruits. However, total anthocyanin
content increased with the advance in cold storage
period. The highest value (19.73 and 19.95%) was re-
corded by 10% MLE + 1% B + 2% Ca EDTA in both sea-
sons, respectively. On the other hand, control treatment
exhibited least values (16.65 and 17.10%) in the first and
second seasons, respectively.
Regarding the interaction between the two studied fac-

tors, there were significant differences in the effect on
total anthocyanin content. After 8 weeks of storage, the
highest values (20.35 and 20.51%) were recorded by
fruits treated with 10% MLE + 2% B + 3% Ca EDTA and
5% MLE + 2% B + 3% Ca EDTA in the first and second
seasons, respectively. However, the least values (19.00
and 20.13%) were found by control treatment in the two
seasons, respectively.

Total flavonoid content (TFC)
Data shown in Table 7 indicated that total flavonoid
content decreased gradually significant with extended of
the storage periods during the two seasons in this work.
Moreover, total flavonoid content significantly increased
by preharvest spraying with moringa leaf extract, boric
acid, and chelated calcium (Tables 7). In both seasons,
the highest value was obtained by fruits treated with

Table 3 Effect of preharvest spraying with moringa leaf extract, boric acid, and chelated calcium on L* of Hollywood plum fruits
stored at 0 ± 1 °C and RH 85–90% during 2018 and 2019 seasons

Treatments Storage period per weeks

0 2 4 6 8 Mean

First season; 2018

T1 31.64e 28.70 fg 28.23f–i 26.49i–k 25.67kl 28.15C

T2 32.90e 32.76e 27.81 g–j 26.59 h–k 24.67 l 28.95B

T3 38.54bc 39.01b 29.73f 28.03f–i 20.89 m 31.20A

T4 41.71a 35.51d 28.40f–h 26.78 h–k 21.97 m 30.87A

Control 36.40d 37.21 cd 24.64 l 25.97j–l 20.71 m 29.00B

Mean 36.24A 34.64B 27.76C 26.77D 22.78E

Second season; 2019

T1 31.43de 32.47d 26.74i–l 25.82j–m 23.91n 28.08D

T2 36.53c 37.14c 25.29 l–n 27.33 h–j 21.72o 29.60C

T3 41.84a 41.55a 28.97f–h 29.34 fg 25.47 k–n 33.44A

T4 39.76b 31.52de 30.39ef 28.22 g–i 24.59mn 30.90B

Control 30.73d–f 32.28d 28.98f–h 27.11i–k 21.44o 28.11D

Mean 36.06A 34.99B 28.07C 27.57C 23.43D

Means in each column with similar letters are not significantly different

Table 4 Effect of preharvest spraying with moringa leaf extract,
boric acid, and chelated calcium on hue angle of Hollywood
plum fruits stored at 0 ± 1 °C and RH 85–90% during 2018 and
2019 seasons

Treatments Storage period per weeks

0 2 4 6 8 Mean

First season; 2018

T1 27.89e 27.24e 23.41f 22.17 fg 19.72hi 24.09C

T2 43.69a 42.80a 20.09hi 18.21ij 17.34jk 28.42A

T3 31.08d 28.14e 19.00 h–j 17.54jk 17.34jk 22.62D

T4 33.39c 36.18b 20.92 gh 18.60ij 16.03kl 25.02B

Control 44.38a 28.14e 19.47 h–j 19.40 h–j 14.79 l 28.49A

Mean 36.08A 35.75A 20.58B 19.18C 17.05D

Second season; 2019

T1 24.86 g 25.47 fg 21.34 h 19.72hi 17.54j–n 21.78E

T2 40.74b 41.89b 17.26 k–n 17.02 l–n 16.10mn 26.60B

T3 28.83e 27.20ef 24.08 g 19.13i–k 15.57n 22.96D

T4 37.42c 32.10d 18.15i–l 19.75hi 16.50 l–n 24.78C

Control 47.17a 47.74a 17.87i–m 19.37ij 17.52j–n 29.94A

Mean 35.80A 34.88B 19.74C 19.00C 16.65D

Means in each column with similar letters are not significantly different
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10% MLE + 1% B + 2% Ca EDTA, while the least value
of total flavonoid content was recorded by control
treatment.
Due to the interaction between the two studied fac-

tors, the highest values of total flavonoid content after 8
weeks of storage (16.12 and 16.25) were obtained by
fruits treated with 10% MLE + 2% B + 3% Ca EDTA and
10% MLE + 1% B + 2% Ca EDTA in the first and second
seasons, respectively, while the least value of total fla-
vonoid content was found with 5% MLE + 1% B + 2%
Ca EDTA in the two seasons.

Total phenolic content (TPC)
As shown in Table 8, total phenolic content increased
significantly by the conducted treatments and the stor-
age periods. The highest value of total phenolic content
(91.55 and 93.77) was recorded by 10% MLE + 1% B +
2% Ca EDTA in both seasons, respectively. On the other
hand, control treatment exhibited least values (81.62 and
82.77) in the first and second seasons, respectively.
The effect of interaction between preharvest treat-

ments with moringa leaf extract, boric acid, and chelated
calcium and storage periods on total phenolic content
was significant (Table 8) in both seasons. After 8 weeks

Fig. 1 Effect of preharvest spraying with moringa leaf extract, boric acid, and chelated calcium on decay percentage after 8 weeks of Hollywood
plum fruits stored at 0 ± 1 °C and RH 85–90% during 2018 and 2019 seasons

Table 5 Effect of preharvest spraying with moringa leaf extract,
boric acid, and chelated calcium on SSC:TA ratio in fruit juice of
Hollywood plum stored at 0 ± 1 °C and RH 85–90% during 2018
and 2019 seasons

Treatments Storage period per weeks

0 2 4 6 8 Mean

First season; 2018

T1 9.71ij 9.95i 26.73bc 8.80jk 8.80jk 12.80C

T2 7.98 k 7.96 k 27.61a 9.00j 8.77jk 12.26D

T3 13.49f 12.92 g 26.76bc 10.27hi 9.03j 14.49B

T4 8.81jk 24.33d 26.11 cd 9.94i 8.77jk 12.68C

Control 11.00 h 21.68e 27.07ab 10.23hi 9.03j 15.80A

Mean 9.94C 15.37B 26.86A 9.65C 8.88D

Second season; 2019

T1 9.04jk 11.66 g 22.28e 8.97 k 9.00 k 12.19D

T2 7.51 l 8.48 k 26.37a 8.80 k 8.50 k 11.93D

T3 10.26 h 9.86ij 25.35b 10.27hi 8.58 k 12.86C

T4 10.67hi 22.89d 26.39a 9.90 h–j 8.53 k 15.67A

Control 10.13 h 13.45f 24.16c 9.94 h–j 8.80 k 13.30B

Mean 9.52C 13.27B 24.91A 9.58C 8.68D

Means in each column with similar letters are not significantly different

Table 6 Effect of preharvest spraying with moringa leaf extract,
boric acid, and chelated calcium on total anthocyanin content
of Hollywood plum fruits stored at 0 ± 1 °C and RH 85–90%
during 2018 and 2019 seasons

Treatments Storage period per weeks

0 2 4 6 8 Mean

First season; 2018

T1 15.23w 16.22u 17.17q 16.34i 20.08c 17.61D

T2 16.33 s 17.32o 18.17m 19.91e 20.18b 18.38C

T3 19.19j 19.55 h 19.73f 20.01d 20.18b 19.73A

T4 16.81r 17.23p 18.91 l 19.60 g 20.35a 18.58B

Control 14.62x 15.34v 16.28 t 18.00n 19.00 k 16.65E

Mean 16.44E 17.13D 18.05C 19.37B 19.96A

Second season; 2019

T1 15.05r 16.19p 17.39n 19.00 k 20.15bc 17.56D

T2 18.04 m 19.11j 19.38 h 20.00 k 20.51a 19.41C

T3 19.82 g 19.89f 19.90f 20.00 k 20.18c 19.95A

T4 19.10j 19.25i 19.89f 20.00 k 20.18b 19.70B

Control 14.11 s 15.37q 17.09o 18.76 l 20.13b 17.10E

Mean 17.22E 17.96D 18.73C 19.56B 20.23A

Means in each column with similar letters are not significantly different
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of storage, the highest values of total phenolic content
(91.88 and 93.97) were recorded by fruits treated with
10% MLE + 1% B + 2% Ca EDTA in the first and the
second seasons, respectively. On the side, the least values
of total phenolic content (81.89 and 83.43) were found
with control treatment in the two seasons, respectively.

Antioxidant activity (AA)
Results presented in Table 9 show that all studied treat-
ments increased antioxidant activity than the control
fruits. However, antioxidant activity decreased with the
advance in cold storage period.
The highest value of antioxidant activity (67.89 and

66.00) was recorded by 10% MLE + 1% B + 2% Ca
EDTA in both seasons, respectively. On the other hand,
control treatment gave the least values of antioxidant ac-
tivity (59.07 and 63.04) in the first and second seasons,
respectively.
Concerning the interaction effect, results in Table 9

indicated that antioxidant activity was significantly af-
fected by preharvest treatments with moringa leaf ex-
tract, boric acid, and chelated calcium and storage
periods. After 8 weeks of storage, the highest values of
antioxidant activity (62.14 ) were recorded by fruits
treated with 10% MLE + 1% B + 2% Ca EDTA in the
first season and (63.00) by 10% MLE + 2% B + 3% Ca
EDTA in the second season. However, the least values of
antioxidant activity (50.87 and 57.91) were found with
control treatment in the two seasons, respectively.

Discussion
Firmness, color, soluble solid content, and titratable
acidity are the main important quality attributes in
plums, although large variations in these parameters can
be found depending on the cultivar, production area, cli-
matic conditions, and harvest season (Crisosto et al.
2007; Díaz-Mula et al. 2008). However, plums are

Table 7 Effect of preharvest spraying with moringa leaf extract,
boric acid, and chelated calcium on total flavonoid content of
Hollywood plum fruits stored at 0 ± 1 °C and RH 85–90% during
2018 and 2019 seasons

Treatments Storage period per weeks

0 2 4 6 8 Mean

First season; 2018

T1 18.36e 18.07 g 17.07 l 15.08q 14.90s 16.70D

T2 20.09a 19.01c 18.11 g 16.11n 15.27p 17.72B

T3 19.82b 19.01c 18.02 h 17.33j 16.02o 18.04A

T4 18.16f 18.10 g 17.11 k 16.12n 16.12n 17.12C

Control 18.58d 17.79i 16.55 m 15.11q 15.00r 16.61E

Mean 19.00A 18.40B 17.37C 15.95D 15.46E

Second season; 2019

T1 20.32c 19.01 h 18.21 l 17.25p 16.00v 18.16C

T2 20.25d 19.00 hi 18.05 m 17.33o 16.22st 18.17C

T3 20.89a 19.36f 18.34j 17.41n 16.25 s 18.45A

T4 20.17e 19.00 hi 18.97i 17.00q 16.13u 18.25B

Control 20.57b 19.21 g 18.25 k 16.37r 16.20 t 18.12D

Mean 20.44A 19.12B 18.36C 17.07D 16.16E

Means in each column with similar letters are not significantly different

Table 8 Effect of preharvest spraying with moringa leaf extract,
boric acid, and chelated calcium on total phenolic content of
Hollywood plum fruits stored at 0 ± 1 °C and RH 85–90% during
2018 and 2019 seasons

Treatments Storage period per weeks

0 2 4 6 8 Mean

First season; 2018

T1 86.89p 86.90p 86.93p 86.99o 87.03o 86.95D

T2 87.77n 87.90 m 87.95 l 89.00f 89.02f 88.33C

T3 91.20e 91.33d 91.56c 91.77b 91.88a 91.55A

T4 88.04 k 88.32j 88.54i 88.60 h 88.84 g 88.47B

Control 81.34u 81.47 t 81.65 s 81.73r 81.89q 81.62E

Mean 87.05E 87.18D 87.33C 87.62B 87.73A

Second season; 2019

T1 86.90s 86.95r 87.00q 87.05p 87.44o 87.07D

T2 90.10n 90.55 m 90.71 l 90.83 k 90.91j 90.62C

T3 93.50e 93.67d 93.81c 93.89b 93.97a 93.77A

T4 92.91i 92.98 h 93.00 h 93.07 g 93.19f 93.03B

Control 82.45x 82.53w 82.67v 82.79u 83.43 t 82.77E

Mean 89.17E 89.34D 89.44C 89.53B 89.79A

Means in each column with similar letters are not significantly different

Table 9 Effect of preharvest spraying with moringa leaf extract,
boric acid, and chelated calcium on antioxidant activity of
Hollywood plum fruits stored at 0 ± 1 °C and RH 85–90% during
2018 and 2019 seasons

Treatments Storage period per weeks

0 2 4 6 8 Mean

First season; 2018

T1 69.00d 68.26e 57.11 s 55.39 t 55.03u 60.95 C

T2 65.09 g 62.44 l 60.11o 58.02r 55.37 t 60.21 D

T3 71.93a 70.62b 69.55c 65.23f 62.14 m 67.89A

T4 64.85i 63.18j 62.64 k 60.85n 59.17p 62.14B

Control 64.93 h 62.11 m 60.05o 58.21q 50.87v 59.07E

Mean 67.16A 65.32B 61.89C 59.54D 56.52E

Second season; 2019

T1 67.40e 67.00 g 65.94 k 63.14p 60.86 t 64.87C

T2 68.46c 66.89 h 65.77 l 62.23r 60.54u 64.78D

T3 69.88a 68.35d 66.00j 65.79 l 60.00v 66.00A

T4 68.84b 67.34f 65.27 m 65.01n 63.00q 65.89B

Control 66.60i 66.00j 63.44o 61.25 s 57.91w 63.04E

Mean 68.24A 67.12B 65.28C 63.48D 60.46E

Means in each column with similar letters are not significantly different
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categorized as climacteric fruit with a limited posthar-
vest storage life due to evolution of the ripening process
leading to pigment changes, softening, increase in SSC,
and reduction in TA even if they are stored at cold
temperature (Valero and Serrano 2010). In this study,
Hollywood plums were sprayed preharvest with moringa
leaf extract, boric acid, and chelated calcium to investi-
gate its effects on fruit quality assessments and antioxi-
dant during cold storage periods.
The results indicated that there was an increase in

weight loss with a storage period in all treatments as
well as control fruit (Table 1). Weight loss is a conse-
quence of fruit dehydration due to changes in surface
transfer resistance to water vapor, in respiration rate,
and the occurrence of small fissures connecting the in-
ternal and external atmospheres (Woods 1990). Prehar-
vest treatment with moringa leaf extract, boric acid, and
chelated calcium recorded the lowest values of weight
loss especially 5% MLE + 1% B + 2% Ca EDTA. These
results agreed with (Tsomu and Patel 2014; Raja et al.
2015, and Kaur et al. 2019) the report that weight loss in
calcium and boric acid treated fruit was lower than un-
treated during storage. It may be due to the role of cal-
cium and boron applications that have shown to be
effective in terms of membrane functionality and integ-
rity maintenance (Pilbeam and Kirkby 1983), with lower
losses of phospholipids and proteins and reduced ion
leakage (Lester and Grusak 1999), which could be re-
sponsible for the lower weight loss.
Fruit firmness is the most important indicator for shelf

life, preservation potential, consumer satisfaction, and
market value of the fruits. The results indicated that
there was a reduction in fruit firmness with prolonging
storage period in all treatments as well as control fruit
(Table 2), but the highest firmness value was obtained in
treatment 10% MLE + 1% B + 2% Ca EDTA in the two
seasons. This increase in fruit firmness might be due to
the high calcium content in moringa leaf extract (Mishra
et al. 2013), which goes in parallel with those previously
mentioned by Thanaa et al. (2017) who reported that fo-
liar application of moringa leaf extract increased firm-
ness of Hollywood plum, beside treatment with chelated
calcium led to an increase of the concentration of cal-
cium in treated fruit through active absorption and de-
position of calcium in epicarp and mesocarp of fruits
(Raja et al. 2015). In this respect, Crisosto and Michai-
lides (1991) and Plich and Wojcik (2002) found that fo-
liar preharvest calcium sprays effective in held on retain
fruit firmness at harvest and consequently a slower soft-
ening during long-term storage at low temperature.
The effect of calcium on fruit firmness could be attrib-

uted to its role in stabilization of cell membrane and de-
crease fruit sorting, thus contributing to the firmness of
fruit tissue that prevents physiological disorders, reduces

rate of respiration and slow down ripening process, and
prolonging shelf life of fruits (Picchioni et al. 1995).
However, the ripening of fruit during cold storage is

accompanied by fruit softening and an increase in total
sugar content that improves sensory quality. The im-
provement in sensory quality mainly coupled with a
change in fruit color, raise in SSC, and decline in firm-
ness and acidity (Kaur et al. 2019). Moringa leaf extract,
boric acid, and chelated calcium treatments affected re-
tention on higher sensory quality of Hollywood fruits at
the end of storage.
These results are in agreement with those reported by

Thanaa et al. (2017) who mentioned that foliar applica-
tion of moringa leaf extract enhances plum fruit color,
SSC, TA, and SSC:TA ratio. Moreover, Plich and Wojcik
(2002) who reported that calcium treatments were more
beneficial for plum fruit soluble solids than control.
Decreases in Hue color index show an intensification

of purple color of plum skin, which usually occurs dur-
ing ripening, either on tree or during storage (Martínez-
Esplá et al. 2017).
The higher sensory quality of fruits at the end of stor-

age might be due to the high sugar, starch, and cytokinin
content of Moringa oleifera leaves which promote carbo-
hydrate metabolism and create new source-sink relation-
ships leading to increase fruit soluble solid content
(Dyer et al. 1990).
Besides, the role of calcium in retardation of ripening

and fruit softening processes led to the development of
better juiciness, texture, flavor, and sweetness (Shiri
et al. 2014). Boric acid treatment retarded the rate of
degradation of SSC and retained higher TA compared to
untreated fruit, thus led to increase SSC: TA associated
generally with ripening in climacteric fruit (Huan et al.
2016).
During storage fruits under cold conditions, it was ob-

served that different patterns in the total phenolic con-
tent, anthocyanins, flavonoids, and antioxidant activity.
Rapisarda et al. (2008) observed an increase in anthocya-
nins, flavanones, and antioxidant capacity during cold
storage. Piljac-Žegarac and Šamec (2011) reported that
small fruits like strawberries, raspberries, cherries, and
sour cherries stored at 4 °C exhibited slightly higher
antioxidant activity values. Moreover, correlations be-
tween antioxidant activity and phenolic components in
different fruits were established (Grace et al. 2014;
Galani et al. 2017a). It is interesting to note that prehar-
vest treatments by moringa leaf extract, boric acid, and
chelated calcium led to increased levels of total antho-
cyanin content, total flavonoid content, and total phen-
olic content in Hollywood plum fruits compared with
control (Tables 6, 7, and 8).
Our findings on total anthocyanin content of fruits co-

incide with the results reported by (Piljac-Žegarac and
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Šamec 2011 and Leong and Oey 2011). They demon-
strated that there was an increase of TAC during storage
of fruits in cold conditions. They suggested that the re-
lease of membrane bound anthocyanins due to their
degradation in plant tissues by enzyme systems such as
glycosidases (anthocyanases), polyphenoloxidases, and
peroxidases enhanced by cold condition can justify the
higher TAC obtained after cold storage (Shi et al. 1992).
Foliar application of moringa leaf extract increased
anthocyanin content may be due to that the extract is
rich in minerals which enhanced the activity of enzymes
hence appearance of colored pigments.
The results of TFC agree with the findings of (DuPont

et al. 2000), who found that total flavonoid content was
decreased during storage.
Several other findings support our total phenolic con-

tent results (Galani et al. 2017b; Piljac-Žegarac and
Šamec 2011, and Kevers et al. 2007). They illustrated
that TPC increases during low-temperature storage. The
increased synthesis of phenolic compounds under low-
temperature storage is a response of the plants against
adverse climate conditions including chilling injury by
synthesizing polyphenolic phytoalexins, through an in-
crease of phenylalanine ammonialyase activity, coupled
with low level of polyphenoloxidase activity that may re-
duce the oxidation of phenolic substrates to quinones
(Leja et al. 2003; Lattanzio et al. 2009). These results go
in parallel with those mentioned by Sarrwy et al. (2012)
and Kamal et al. (2014). They demonstrated that pre-
and postharvest treatments with calcium gave signifi-
cantly higher total phenols than control during storage.
The possible reason for higher total phenols with cal-
cium treatments may be that calcium does not allow the
mixing of polyphenol oxidase and oxidizable polyphe-
nols by maintaining the membrane stability (Akhtar
et al. 2010) which may also reduce the spoilage percent-
age in fruits.
The results of antioxidant activity agree with the find-

ings of (Galani et al. 2017a) who mentioned that de-
crease of AA during storage of fruits. Decrease of AA
during storage can be attributed to a decreased level of
total phenolics, phenolic acids, vitamin C, and other
compounds like anthocyanins, carotenoids, and flavo-
noids when the fruits are stored (Galani et al. 2017b).
Enhancement of antioxidant activity in Hollywood plum
treated with moringa leaf extract, boric acid, and che-
lated calcium might be due to the high antioxidant con-
tent in extract of moringa leaf such as tocopherols,
carotenoids, ascorbic acid, flavonoids, and different other
phenolic compounds (Jacob and Shenbagaraman 2011);
when applied to the trees, it affects on the metabolic
process and subsequently increased the endogenous level
of antioxidants. Additionally, preharvest treatment with
moringa leaf extract, boric acid, and chelated calcium

increased total anthocyanin content (Table 6) which
considered natural antioxidants (SatueGracia et al. 1997)
and increased the total phenolic content (Table 8) which
closely correlated with antioxidant activity.

Conclusions
From the last illustrated results, we can conclude that all
fruits preharvest treated by moringa leaf extract, boric
acid, and chelated calcium showed the lowest significant
differences in weight loss, hue angle, and the highest sig-
nificant differences in firmness, lightness, soluble solids
content:titratable acidity ratio, total anthocyanin content,
total flavonoid content, total phenolic content, and anti-
oxidant activity of Hollywood plum during cold storage
compared with control especially 10% MLE + 1% B + 2%
Ca EDTA, so this treatment can be used to maintain
plum quality attributes and antioxidant compounds of
plum fruits under cold storage conditions.
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