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Impact of Moringa Leaf Extract, Olive Leaf Extract, and
Calcium Chloride on Quality Attributes of Peach
Cultivars during Cold Storage

W. Abidi'", R. Akrimi*, and M. Gouiaa?

ABSTRACT

This study aimed to evaluate the impact of dipping solutions [Moringa Leaf Extract 5%
(MLE), Olive Leaf Extract 5% (OLE) and Calcium Chloride 5% (CaCl,)] on fruit quality
of two peach (Prunus persica L. Batsch) cultivars (Blanvio 10 and Plagold 15). The
treatments consisted of dipping fruits for 5 min in the corresponding solution followed by
30 minutes drying at room temperature. Then, fruits were stored at 5°C and 95% relative
humidity for 2 and 4 weeks of cold storage followed by 2 days at room temperature.
Physicochemical traits, antioxidant compounds, sugar content and chilling injury
symptoms were analyzed. There were significant improvements in fruits storability
resulting from the CaCl,, MLE (5%) and OLE (5%) dipping solutions. These treatments
improved firmness, maintained the Soluble Solids Content, and increased the ripening
index (SSC/TA). The lowest fruit weight loss was observed in the OLE treatment, whereas
the untreated fruits showed the highest loss. The flavonoids, total phenolics, vitamin C
and antioxidant capacity showed a gradual decrease during the storage periods.
Mealiness and internal browning were the major chilling injury symptoms observed in
the two peach cultivars after 4 weeks of cold storage. The applied treatments were
efficient and delayed the presence of chilling injury symptoms and fruit decay during the
two cold storage periods.
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INTRODUCTION (Crisosto et al., 1999; Lurie and Crisosto,
2005). The CI symptoms were divided into
mealiness characterized by dry and sandy
fruit mesocarp, internal and external
browning, reddish discoloration, loss of
ability to ripen, off-flavor and increased
incidence of decay as reported by Abidi et

Peach (Prunus persica L. Batsch) is a
climacteric fruit that deteriorate quickly at
ambient temperature showing a short storage
life period (Lurie and Crisosto, 2005).
Generally, cold storage is used as an
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effective technology to delay deterioration
of the fruit in terms of nutritional value and
consumer perception (Tsantili et al., 2010).
However, storage of peaches at low,
nonfreezing temperatures (2.2-7.6°C) is
limited due to the development of
physiological disorder identified as Chilling
Injury (CI) confirmed by several studies

al. (2015). Crisosto et al. (1997) reported
that the onset of Cl symptoms determines
storage/shipping potential because their
development reduces consumer acceptance.
Today, the global challenge is how to find
alternative ways to control postharvest
losses, to prioritize healthy methods, and to
avoid negative effects of pesticides on
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human health. Thus, coatings and dipping
fruits may maintain appearance and texture
of the product and control the internal
atmosphere of the fruit in a fashion similar
to the modified atmosphere storage (Turhan,
2009). Herbal solutions such as olive and
moringa leaves extract have been reported as
efficient alternatives for coating and dipping
fruits. Olive leaf extract is characterized by
an antimicrobial and antioxidant effects
against pathogens (Lee and Lee, 2010).
Moringa leaf extract possess antimicrobial
and antioxidant activity contributed by a
high concentration of phenolics, vitamins
and carotenoids (Tesfay et al., 2016).
Calcium Chloride (CaCl,) is a naturally
occurring compound, edible, and approved
by the U.S. Food and Drug Administration
for pre- and post-harvest use in agriculture.
Lester and Grusak (2004) reported that
postharvest application of calcium in fruits
may delay deterioration with no detrimental
effects on consumers. In this line, Chauhan
et al. (2008) evaluated the potential of
“neem” plant extracts for increasing the
postharvest shelf life of apple fruits.
Moreover, Bakhsh et al. (2020) reported that
pulp weight, fruit size and fruit weight were
notably improved in trees sprayed with 2%
MLE because of potassium and zinc
presence in the moringa leaves. In addition,
Nasir et al. (2016) and Sheren and El-
Amary, (2015) reported that aqueous spray
of moringa improved fruit weight and size of
mandarin and pear fruits, respectively.

The purpose of this study was to
investigate the effect of the Olive Leaf
Extract (OLE), Moringa Leaf Extract
(MLE), and Calcium Chloride (CaCly)
treatments on peach fruit quality and to
reduce postharvest losses during storage and
shipment to distant markets.

MATERIALS AND METHODS
Fruit Origin

Fruits from fifteen years old peach
cultivars (Blanvio 10 and Plagold 15)
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grafted on “Garnem” rootstock were used.
Trees were grown in a private orchard
located in the region of Regueb (34° 47°
451> N; 9° 47’ 54.1”° E; 150 m above sea
level), Sidi Bouzid, Tunisia. Trees were
trained to the standard open vase system,
planted at a spacing of 6x3 m and grown
under standard conditions of irrigation,
fertilization, and disease control. Plagold-15
has round fruit shape whereas Blanvio-10
has plat fruit shape; all cultivars have red
skin color. Plagold-15 has yellow-flesh,
whereas Blanvio-10 has white-flesh. Fruits
were handpicked at commercial maturity
and assessed by peel color and flesh
firmness. At harvest, the ripening index was
10.0 and 11.2 for the cv. Blanvio 10 and
Plagold 15, respectively, with corresponding
maturity dates of 25 April and 5 May.

Extract Preparation

The MLE and OLE was performed
according to Samad et al. (2019). Moringa
leaves were provided from the Superior
Institute of Agriculture Chott Meriem,
Tunisia. Olive leaves were collected from
‘Chemleli’ olive cultivar planted in the
experimental orchard of the Regional Center
of Agriculture Research of Sidi Bouzid.
Leaves were washed, dried in oven for 24
hours at 70°C and ground in a blender.
Then, 50 g of leaf powder was macerated in
1,000 mL absolute ethanol and the prepared
solution was shaken for 48 h using electrical
stirrer (Model SP 18420-26 Barnstead
thermolyne  USA). After that, the
supernatant was filtered and the filtrate was
concentrated in a rotary evaporator under
reduced pressure. The dried extract residue
was reconstituted in sterile distilled water to
give final concentration of 5%. The MLE
and OLE were analyzed for antioxidants
compounds content and osmoprotectants and
its composition is presented in Table 1.
Calcium chloride (CaCl, 5%) (w/v) solution
was prepared by dissolving 50 g of edible
grade CaCl, in 1,000 mL distilled water. The
solution was constantly stirred using a
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Table 1. Approximate components of antioxidants and osmoprotectants in Moringa Leaf Extract (MLE) and
Olive Leaf Extract (OLE). ?

Component MLE OLE Unit
Antioxidants
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Anthocyanins 1050+ 1.2 12.75+2.3 mg C3GE kg™ DW
Flavonoids 2050+ 24 23.30+4.1 mg CE 100 g™ DW
Total phenolics 120.45+ 4.6 12353+ 4.6 mg GAE 100 g* DW
Vitamin C 1.60£0.2 1.78£0.2 mg AsA 100 g™* DW
Relative antioxidant capacity 340.50 £21.6 412.35+15.5 g Trolox Eq g™ DW
Osmoprotectants
Carotenoids 250+0.5 1.55+0.2 mg g* DW
Chlorophylls 750+ 1.1 1350+ 2.4 mg g DW
Proline 0.35+0.1 0.81+0.6 umol g™ DW
Soluble sugar 350.20 + 12.4 251.46 +10.2 ug g' DW

& AsA= Ascorbic Acid;; CaCl,= Calcium Chloride; CE= Catechin Equivalents; C3GE= Cyanidin-3-

magnetic stirrer for 30 minutes until fully
dissolved.

Applied Treatments

Harvested fruits were dipped in the
solutions (H,O, MLE, OLE and CacCl,) for 5
minutes according to the treatment and left
for 30 minutes in the laboratory to dry at
room temperature. The distilled water was
used as control. Sixty randomly selected
fruits were used in each dipping solutions
and then divided into three groups. The first
group served for the physicochemical and
biochemical qualities of fruits at harvest.
The other two groups were used for the
assessment of physicochemical, biochemical
traits and chilling injury symptoms after two
cold storage periods (2 and 4 weeks). The
fruits were transferred to the cold room at
5°C and 95% RH simulating a shipment of
15 and 30 days. After which, fruits were
removed from the cold room and ripened in
the laboratory at room temperature for two
days.

Physicochemical Traits

Fruit weight (g) was measured in a sample
of ten fruits. The fruit weight loss was
calculated by measuring the sample weight
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Glucoside Equivalents; DW= Dry Weight, GAE= Gallic Acid Equivalents. Values are the means (n=
3)xstandard error.

after dipping in the respective treatment and
at the end of each storage period using a
digital balance as described by Ali et al.
(2019). Flesh firmness (N) was measured
with a penetrometer equipped with an 8 mm
diameter flat tip probe. Soluble Solids
Content (SSC, °Brix) was measured in the
juice using a digital hand-held refractometer
(Atago, Tokyo, Japan). The Titratable
Acidity (TA, g malic acid per 100 g fresh
weight sample) were measured in juice by
titration using NaOH 0.1 N. The Ripening
Index (RI) was determined as the ratio
between Soluble Solids and Titratable
Acidity (SSCITA).

Biochemical Extraction

Regarding phenolic compounds analysis,
frozen flesh samples (5 @) were
homogenized in a polytron (T25D Turrax;
IKA Works, Inc.; Wilmington, NC) with 10
mL of 0.5N HCI in methanol/distilled water
(80% wv/v). The solution was then
centrifuged (SIGMA Laboratory centrifuges
3K18, UK) for 20 minutes at 4°C and 5000
rpm and the supernatant was recovered and
measured. This extract was used for
anthocyanins, flavonoids, total phenolics
and antioxidant capacity determinations as
described by Abidi et al. (2015). For the
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ascorbic  acid  extraction, 5 mL
metaphosphoric acid 5% were added to the
frozen flesh samples, thawed on ice,
homogenized with a polytron, and
centrifuged at 5,000 rpm for 20 minutes at
4°C. The supernatant was measured and
used for vitamin C analysis. Regarding
carotenoids content, 5 g of flesh samples
were extracted with 5 mL of ethanolic
butylated hydroxyl toluene (Ethanol/BHT-
100:1, v/w). For the determination of sugars,
the frozen fruit material (5 g) was
homogenized in a Polytron with 10 mL of
extraction solution consisting of
ethanol/distilled water (80% v/v). The
mixture was centrifuged at 5,000 rpm for 20
minutes at 4°C. The supernatant was
recovered and used in the High-Performance
Liquid  Chromatography  (HPLC) as
described by Abidi et al. (2015).

Antioxidants Analysis

The antioxidants analyses were performed
using a spectrophotometer (Jenway 6300,
UK). The anthocyanins content was
measured at the absorbance of 535 and 700
nm and expressed in mg of Cyanidin 3-
Glucoside Equivalents (C3GE) kg* FW
using the molar extinction absorptivity
coefficient €= 25,965 cm™ M. Regarding
flavonoid content, the absorbance of the
mixture was measured at 510 nm and results
were expressed in mg of Catechin
Equivalents (CE) 100 g™ FW as described in
Zhishen et al. (1999). Total phenolic content
was determined based on the chemical
reduction of Folin-Ciocalteu  reagent
according to the colorimetric method
reported by Singleton and Rossi (1965). The
absorbance was done at 725 nm and the
results were expressed in mg of Gallic Acid
Equivalents (GAE) 100 g* FW. Vitamin C
was determined at the absorbance of 525 nm
and results were expressed in mg of
Ascorbic Acid (AsA) 100 g* of FW as
described in Okamura (1980). Total
Carotenoid Content (TCC) was determined
using the method of Sanusi and Adebiyi
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(2009), at the absorbance of 450 and 503
nm. TCC was calculated using the following
equation (Song and Xu, 2013):

TCC (g mL™") = 4.642xA450-3.091xAsos

The Relative Antioxidant Capacity (RAC)
was determined using the 1,1-Diphenyl2-
Picrylhydrazyl (DPPH) test (Brand-Williams
et al., 1995). The method consisted of
mixing 100 pL of extract with 2.9 mL of
DPPH. The reaction was put in darkness at
room temperature for 10 min. Absorbance
was measured at 515 nm and results were
expressed in pg of Trolox Equivalents (TE)
g* FW.

Sugars Analysis

Determination of sugar content was
performed by High Performance Liquid
Chromatography (HPLC). The homogenized
extract (0.2 mL) was incubated at 80°C for
15 minutes in 200 pL of 80% ethanol and
filtered through a microfilter as described by
Jiménez et al. (2011). The extract (20 pL)
was injected into the HPLC system (Aminex
HPX-87C column, 300x7.8 mm; Bio-Rad,
Barcelona, Spain) with a refractive index
detector (Waters 2410). The flow rate of the
mobile phase (deionized water) was 0.5 mL
min"' at 80°C. The sucrose, glucose,
fructose and sorbitol contents were
converted to the fresh weight of fruits and
expressed as (mg mL™).

Chilling Injury (CI)

Chilling injury susceptibility was evaluated
in the studied cultivars after storage of samples
(20 fruits) per cultivar at 5°C and 95% RH
during 2 or 4 weeks and subsequent ripening
at room temperature for 2 days according to
Crisosto et al. (1999). The weight loss, lack of
juiciness (flesh mealiness), flesh browning,
flesh bleeding, leatheriness and off-flavor were
evaluated. Observations were made on the
mesocarp and the area around the pit
immediately after the fruit were cut into two
halves through the suture plan. Browning was
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visually scored in the flesh fruit on a scale of 1
(no browning) to 6 (severe browning).
Bleeding described as red color in flesh fruit
was scored on a scale of 1 (no bleeding) to 3
(more than 50% of the flesh). The Chilling
Injury index (CI) was assessed according to
the fruit appearance, from no symptoms (1) to
severe symptoms (6). Decay in the peach fruits
was defined as the number of fruits showing
signs of fungal growth and bacterial lesions to
the total number of fruits in each treatment,
expressed in percentage.

Statistical Analysis

All data were subjected to a one-way
Analysis Of Variance (ANOVA) to test the
effect of dipping solutions on fruit
postharvest quality, using SPSS Statistics
20.0 for Windows. Means were compared
using the Duncan’s multiple range test at the
5% significance level.

RESULTS
Physicochemical Traits of Fruit Quality

Evolution of the fruit weight, weight loss,
firmness, soluble solid content, titratable
acidity and ripening index throughout the
storage periods is shown in Table 2. Fruit
weight decreased gradually, although treated
fruits exhibited significantly (P< 0.05) lower
weight loss than the control. The applied
treatments (CaCl,, MLE, OLE) significantly
(P< 0.05) reduced the weight loss as compared
to the control (H,0). Hence, low weight loss
values (2.4 and 2.3%) were recorded in the
OLE treatment after two weeks of cold storage
for the cv. Blanvio 10 and Plagold 15,
respectively. Fruit firmness decreased for both
treated and control fruits. The dipping
solutions (MLE, OLE, CaCl,) were effective
and maintained fruit firmness during the first
cold storage period. Soluble solids content
showed an increasing trend during cold
storage periods whereas the titratable acidity
showed a gradual decrease. The ripening index

JAST
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(SSC/TA) increased over the two storage
periods and the subsequent 2 days at room
temperature, being significantly higher in the
control than in treated fruits. The postharvest
application of CaCl,, MLE and OLE reduced
the rate of decay in peach fruit during storage.

Biochemical Traits of Fruit Quality

The effects of postharvest treatments on
antioxidant compounds content were evaluated
[Figure 1 (a-f)]. The anthocyanins (Figure 1-a)
content increased gradually during the first
cold storage period and then decreased until
the end of the experiment. The highest
anthocyanins content was observed in the
MLE treatment, whereas the lowest content
were observed in the control (H,O). Flavonoid
content (Figure 1-b) decreased during the cold
storage period in all the applied treatments.
Fruits treated with the CaCl,, MLE and OLE
dipping solutions showed similar pattern of
flavonoids and  presented  statistically
significant (P< 0.05) difference with the
control. The total phenolics content (Figure 1-
c) presented similar trend with flavonoids
being higher in the treated fruits. Total
phenolics values ranged from 39 to 61 mg
GAE 100 g* FW in the cv. Blanvio 10 and
from 48 to 87 mg GAE 100 g* FW in the cv.
Plagold 15. The vitamin C content (Figure 1-
d) decreased greatly throughout the cold
storage periods independently of the applied
treatment. The carotenoid content (Figure 1-e)
decreased during the second cold storage
period showing statistically  significant
differences (P< 0.05) among treatments. The
relative antioxidant capacity (Figure 1-f)
decreased over the 2 cold storage periods with
values ranging from 205 to 314 ug Trolox g™
FW. In general, the three postharvest
treatments maintained the antioxidant capacity
during storage as compared to the control.

Sugar Analysis

The content of sucrose, glucose, fructose
and sorbitol in flesh fruit of the two cultivars
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Figure 1. Influence of dipping solutions on contents of anthocyanins (a), flavonoids (b), total phenoalics (c), vitamin C
(d), Carotenoids (e) and Relative Antioxidant Capacity (RAC) (f) among two peach cultivars at harvest and after 2- and
4-weeks cold storage periods. Abbreviations: AsA= Ascorbic Acid; CaCl,= Calcium Chloride; CE= Catechin
Equivalents; C3GE= Cyanidin-3-Glucoside equivalents; GAE= Gallic Acid Equivalents; MLE= Moringa Leaf Extract,
OLE= Olive Leaf Extract; Values are the means (n= 3)xstandard error. Letters (a, b, ¢) indicate significant difference
(P< 0.05) between treatments for each storage period (ns, not significant, * P< 0.05) according to Duncan’s multiple
range test.
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Figure 2. Impact of dipping solutions on sugar content in peach cultivars after storage at 5 °C for 2 and 4 weeks and
then ripening at 25°C for 2 days. Abbreviations: MLE= moringa leaf extract; OLE= olive leaf extract; CaCl,= calcium
chloride; Values are means (n = 3) * standard error. Letters a, b, c letters indicate difference (p < 0.05) among
cultivars after 2 weeks of cold storage according to Duncan’s multiple range test.
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Figure 3. Impact of the dipping solutions on chilling injury symptoms in Blanvio 10 and Plagold 15 peach cultivars
after storage at 5°C for 2 and 4 weeks and ripening at room temperature for 2 days. Units and abbreviations:
Mealiness was scored as percentage of mealy fruits in the sample of 20 fruits. Bleeding was scored on a scale of 1 (ho
bleeding) to 3 (more than 50% of the flesh with bleeding). Browning was scored on a scale of 1 (no browning) to 6
(severe browning). CI (CI index) was visually assessed according to the global fruit appearance of each genotype,
from healthy fruit with no symptoms (1) to extremely injured fruit with severe CI symptoms (6). Values are means
(n=3)%SE. Letters (a, b, ¢) indicate significant difference (P< 0.05) between treatments for each storage period (ns,
not significant, * P< 0.05) according to Duncan’s multiple range test.
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were analyzed at harvest and over the two
cold storage periods [Figure 2 (a-d)].

Results showed an increase in sucrose,
glucose, fructose and sorbitol under MLE,
OLE and CaCl, treatments after 2 weeks of
cold storage showing statistically significant
difference (P< 0.05) with the values
obtained at harvest. The sugar content
decreased at the end of the storage period
and presented the impact of the applied
treatments in maintaining sugar content in
fruits after 2 weeks of cold storage as
compared to the control.

Chilling Injury Symptoms

The mealiness, browning rate, bleeding
rate and CI index are shown in Figures 3a-d
as the major chilling injury symptoms
identified in the fruits.

Results showed that mealiness and
browning were the major chilling injury
symptoms observed during the two cold
storage periods. The control showed high CI
symptoms whereas the MLE, OLE and
CaCl, treatments delayed the presence of
these symptoms. The duration of storage (2
or 4 weeks at 5°C) increased the severity of
mealiness (Figure 3-a) in the flesh fruit of
the studied cultivars. The mealiness
observed after 2 weeks of storage was 10%
and 12% for Blanvio 10 and Plagold 15,
respectively. After 4 weeks of cold storage,
these proportions increased to 15% for
Blanvio 10 and 20% for Plagold 15. The
browning rating (Figure 3-b) was not
observed in the first period of storage
(Browning rating= 1). After 4 weeks of cold
storage, browning was observed around the
pit and generally less than 50% of flesh fruit.
The bleeding rating (Figure 3-c) was not
enregistered as a major chilling injury
symptom during cold storage in all the
samples. Hence, the bleeding score was
always lower than 50% of flesh fruit. After 4
weeks of cold storage, the CI index (Figure
3-d) increased and varied differently (P<
0.05) between treatments.
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DISCUSSION

In this study, Blanvio 10 and Plagold 15
peach cultivars were dipped in distilled
water, CaCl,, MLE, and OLE to
investigate the impact of these treatments
on physicochemical traits, antioxidant
compounds content, and chilling injury
symptoms during two cold storage periods.
This study showed significant differences
in fruit weight loss during the storage.
Fruit weight loss in both peach cultivars
increased with the increase in storage time
under all the treatments. The highest
weight loss was recorded in the control
(H20) while the lowest loss occurred in
fruits treated with OLE. The main reason
for the weight loss of fruits is the water
loss due to physiological activities such as
transpiration and respiration (Magazin et
al., 2010). Razavi et al. (2017) reported
that weight loss ranged from 5.1 to 7.4%
after 4 weeks of cold storage in peach
fruits with postharvest oxalic acid
treatment. Arendse et al. (2014) reported
that the weight loss of pomegranate fruit
remained below 10% at 5°C, and no sign
of shriveling was observed in fruits even
after 2 months of storage.

Fruit firmness is the most important
indicator for postharvest quality, storage
conditions and market value of the fruits.
In our study, firmness indicated a
decreasing trend under all treatments in
both cultivars throughout cold storage.
However, peach fruits kept in the MLE,
OLE, and CaCl, dipping solutions
remained with significantly higher (P<
0.05) texture as compared to the control
(H,0). The SSC of both cultivars
increased throughout the whole storage
period in all the treatments whereas the
TA showed decreasing trends. Peach is a
climacteric fruit with a limited postharvest
storage life due to the ripening process
leading to pigment changes, softening and
increase in SSC during cold storage
(Valero and Serrano, 2010). Irfan et al.
(2013) reported that application of CaCl,
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can maintain fruit quality by inhibiting
green pigment degradation and
maintaining the fruit texture. Similar
findings were reported by Rojas-Grau et
al. (2007) stating that, by extending fruit
ripening, postharvest respiration and
starch transformation to sugars were
reduced, which is needed for sustaining
the fruits’ total soluble solid.

Flavonoids, total phenolics, vitamin C,
carotenoids and antioxidant activity
showed a gradual decrease during fruits
storage. Mditshwa et al. (2017) reported
that antioxidant compounds decreased
during storage due to its oxidative
breakdown. Our results of antioxidant
activity are in accordance with the
findings of Galani et al. (2017) who
mentioned a decrease of antioxidant
activity during storage attributed to a
decreased level of total phenolics, vitamin
C, anthocyanins, carotenoids, and
flavonoids during storage.

Regarding sugars profile, our results are
in accordance with the findings of Zhang
et al. (2021) reporting that sucrose,
sorbitol, glucose, and fructose were the
major soluble sugars in peaches stored at
5°C for 24 days. The decrease in total
sugar content observed at the end of the
trial is in accordance with the results of
Borsani et al. (2009) reporting that sugar
content increased continuously during
peach development up to full maturity, and
remained constant or slightly decreasing
during postharvest storage.

Mealiness and browning were the major
chilling injury symptoms observed in the
studied cultivars. These findings are in
accordance with the study of Peace et al.
(2006) in a clingstone melting flesh
progeny. Hence, the observed chilling
injury symptoms showed that these
disorders are triggered by the cold storage
duration, as previously reported by Lurie
and Crisosto (2005).
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CONCLUSIONS

Based on our results, the postharvest
treatments with MLE, OLE and CaCl,
maintained the fruit quality attributes due
to their antioxidants and antibacterial
effects. Storage duration affected the
antioxidant compounds and the chilling
injury  symptoms. The antioxidants
compounds showed a gradual decrease
during cold storage periods, different
pattern was observed in the anthocyanins.
The herbal solutions reduced chilling
injury symptoms and improved the
marketability of peach fruits during
storage. Our results concerning fruit decay
clearly indicate a significant role of the
applied postharvest treatments in reducing
the decay rate. The OLE and MLE
solutions can be considered an effective
and environment-friendly treatment for
delaying ripening process and retaining
peach fruit quality during storage.
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