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Abstract

This study was carried out on fruit of
local Diyala orange (Citrus sinensis L. Os-
beck). The fruit were obtained from a
private orchard in Buhriz village, Diyala
governorate, Iraq, to study the impact of
(control, 0.5, 1, and 1.5 mM) methyl jas-
monate dipped for 3 min and chitosan (con-
trol, 1, 2, and 4% w/v) for 5 min on the fruit
quality of orange in terms of (fruit weight
loss (%), Total soluble solids (%), titrat-
able acidity (%), ascorbic acid content, To-
tal phenol content, chilling injury (%), de-
cay (%), and catalase enzyme) during 30,
60, and 120 days storage at 5+1°C with
85-90% RH. Results showed that all treat-
ments of (Methyl jasmonate and chitosan)
significantly decreased the fruit weight loss
(%). Furthermore, fruit treated with (1,
and 1.5 mM) methyl jasmonate signifi-
cantly reduced chilling injury (%), and de-
cay (%), respectively, compared with the
control. The titratable acidity (%), ascor-
bic acid content, total phenols, and en-
zyme catalase significantly increased in
fruit treated with 0.5 mM methyl jasmonate
compared to other treatments. On the other

hand, the untreated fruits caused a signifi-
cant increase in total soluble solids of both
methyl jasmonate and chitosan compared
with all other treatments. Dipping fruit
in 2% chitosan effectively reduced chill-
ing injury and decay compared with the
control. There was a significant increase
in ascorbic acid and total phenols when
fruit were treated with (2, and 4%) chi-
tosan, respectively. Consequently, all chi-
tosan concentrations were superior to the
untreated fruit in catalase activity. Pro-
longing the storage period from 30 to 60
and 120 days markedly increased the fruit
weight loss (%), total soluble solids (%),
chilling injury (%), and decay (%), while
the titratable acidity (%), ascorbic acid
content, and total phenol content substan-
tially decreased. The interaction among
both dipped treatments and storage period
had a significantly positive influence on the
quality parameters of orange fruit.

Key words: Methyl jasmonate, chitosan,
post-harvest, orange fruits and storage pe-
riods
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1. INTRODUCTION

Orange (Citrus sinensis L. Osbeck) belongs to the genus Citrus in the family Rutaceae and grows as an evergreen fruit
tree. Orange trees are long-lived perennial crops, and their fruit represents one of the most important, highly valued, and
commercially profitable horticultural products worldwide. Their economic importance is demonstrated by their extensive
geographical distribution and large-scale commercial production [} 2].

Citrus fruits are predominantly cultivated in tropical and subtropical areas of the world. The effective cultivation of
citrus in diverse climatic conditions is due to its adaptation to a wide range of environmental settings [3]. The production
of orange fruit in Iraq is about 508 metric tons, according to data gathered by [4]. According to the Food and Agriculture
Organization [3] the yield of oranges is 1253.8 kg/ha.

Citrus fruits are non-climacteric, so they are only harvested when they are at their best edible ripening stage; they must
also meet the expectations of today’s consumers, who want fruit that has good appearance, flavor, taste, and nutritional
properties, as well as fruit that is safe, traceable, and grown in an environmentally friendly way [6, [7]. Also, fruits
contain a significant concentration of nutritive, non-nutritive, and bioactive substances, including phenolics, flavonoids,
phytochemicals, and anthocyanins, with nutritive components such as essential oils, sugars, carotenoids, vitamin C, and
minerals. They possess a unique flavor and taste, exceptional therapeutic properties, and healthcare functions [1]].

Fresh fruit quality is influenced by how it is handled, transported, and stored after harvest. Storage is considered a
critical operation; inadequate storage leads to losses in both quantity and quality of fruits. Therefore, to maintain the high
quality of the harvested fruits, it is important to store them correctly [8]].

Appropriate post-harvest technologies are necessary to mitigate the adverse impact of biotic and abiotic stresses to
preserve the nutritional value and storage longevity of the product. The use of synthetic chemicals in the postharvest
management of horticultural crops has raised concerns about food safety and environmental effects, encouraging investi-
gation of alternative preservation treatments and defense elicitors [9]. There has been increasing interest in preservation
approaches that include coatings based on chitosan, beeswax, and carboxymethyl cellulose [10]]; hot-water treatments
[L1]]; modified-atmosphere packaging using cling films and shrink wrapping; and essential oils [12]. Methyl jasmonate
and 1-methylcyclopropene have also attracted attention as postharvest treatments intended to maintain fruit quality and
extend storage life [13]]. The safety and regulatory status of each treatment must be evaluated for its particular formulation,
concentration, and intended application. These environmentally oriented techniques are currently regarded as a novel
alternative to chemical methods [9]].

Methyl jasmonate (MJ) is synthesized from jasmonic acid through the catalysis of S-adenosyl-L-methionine by jasmonic
acid carboxyl methyltransferase. Methyl jasmonate is a compound utilized in plant defense mechanisms and several
developmental processes, including seed germination, root development, blooming, fruit ripening, and senescence. Plants
synthesise methyl jasmonate and jasmonic acid in response to various biotic and abiotic stressors and wounds [14]. Methyl
jasmonate is a signaling molecule that regulates numerous developmental processes and defense mechanisms in response
to biotic and abiotic stressors. Furthermore, it enhances resistance to both disease and chilling injury during postharvest
storage [15} [16]]. Post-harvest methyl jasmonate can maintain and even improve the nutritional and therapeutic quality of
fruits [17]. Khajehyar et al. [18] reported that a postharvest treatment of methyl jasmonate (0.3, and 0.4 mM), distilled
water as a control, on the orange cv. Valencia during cold storage at 2 °C for 1.5 months. Reduce of fruit weight loss,
chilling injury, decay, and physiological decay as compared with the control fruits reported. Habibi ez al., [[19] investigated
the blood orange cv. 'Moro treated with methyl jasmonate at (50 and 100 zzmol™"), alongside untreated control fruit, stored
for 150 days at 3 °C, and 90% RH. The results showed that MeJA at 50 ymol™! significantly decreased the weight loss (%),
TSS (%), and TSS/TA ratio, while TA (%), VC content, total phenol content, and enzyme catalase significantly increased
compared to untreated fruits. Vithana et al., [20] reported the post-harvest treatments of methyl jasmonate at (0, 0.5, 1, and
1.5 Mm), on ‘Tarocco lippolito’ in blood orange, and stored for 45 days at 6 + 1 °C with 85+ 5% RH. The results indicated
that methyl jasmonate at (0.5mM) significantly increased the total phenols, and vitamin C at (1.5 mM) compared to other
treatments. A previous study [21]] examined a postharvest treatment of methyl jasmonate (Distilled water,10 and 20 M)
on sweet lime fruit, and stored at 9°C with 85+5%RH for 120 days. The treatments were observed to reduce weight loss in
all treatments during the storage period compared to the control, while titratable acidity, vitamin C, phenolic content, and
antioxidant activity significantly increased at 10M methyl jasmonate compared with the control.

Chitosan (CHI) is a cationic polysaccharide of high molecular weight that is derived from the deacetylation of
chitin, which is extracted from crustacean and insect exoskeletons and fungal cell walls. It has numerous applications in
agriculture and horticulture due to its remarkable capacity to form an antimicrobial and antifungal film that is biocompatible,
biodegradable, and non-toxic to humans. This coating possesses antibacterial characteristics [22,[23]. Chitosan coating is
thought to be the best edible and safe preservation coating for different kinds of fruits. It has functional benefits, including
slowing down respiration, increasing the storage duration, keeping the firmness of the fruits, and reducing microbial
pathogens [24]. Rappussi et al., [25] found that chitosan can be used as a coating of orange ‘Péra Rio’ fruits. The
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treatments included control, chitosan 2% (v/v), fungicides imazalil (100 Ml a.i./100 L), thiabendazole (480 g a.i./100 L),
and chitosan combined with both fungicides. After that fruits were stored for 7 days at 25°C with 80% RH. The TSS and
TSS/Acid ratio decreased, while the titratable acidity, and vitamin C increased compared with the control fruits. It was
reported [26]] that Chitosan coatings for citrus are distinguished by their capacity to minimize weight loss and sustaining
fruit quality by preserving total soluble solids, titratable acidity, and vitamin C during storage. Baswal et al. [27] reported
the impact of coating treatments such as chitosan (0.5, 1.0, and 1.5 g L'!), with uncoated fruit serving as the control, on
‘Kinnow’ mandarin fruits, and stored for 75 days at 5—7 °C with 90-95% RH. Among the coating treatments evaluated,
carboxymethylcellulose at 2.0 g L' was identified as the most effective treatment for retaining total phenols and sugars
during cold storage relative to the uncoated control fruit. Al Zahrani et al., [28]] evaluated nano-chitosan and nano-chitosan
combined with wax on mandarin fruits "Murcott at (50 and 100 mg L!) and 100 mg L™}, respectively, alongside uncoated
control fruit, then stored for 4 months at 5°C and 90-95%RH. The authors found that the 100 mg.I"! of nano chitosan
reduced fruit weight loss, kept vitamin C, and preserved superior levels of total acidity and TSS, the total antioxidant and
enzyme compared to untreated fruit.

This experiment was conducted to determine how methyl jasmonate and an edible chitosan coating influence the
storage characteristics of local Diyala orange fruit. These treatments were investigated as potential alternatives within
postharvest preservation practices, with the specific objectives of prolonging fruit storability, maintaining measured quality
characteristics, and controlling or reducing physiological injury during cold storage under the experimental conditions
described below.

2. MATERIALS AND METHODS

Fully mature, medium-sized fruit with a yellow or orange color from local Diyala orange (Citrus sinensis L. Osbeck),
were harvested manually from 10-year-old trees at a private orchard in Buhriz village, Diyala governorate, Iraq, during the
early morning of 14 December 2024. Harvested fruits were directly transported to the Central Laboratory of the College of
Agricultural Engineering Sciences, University of Duhok. To study the impact of three factors (methyl jasmonate, chitosan
and storage period) on the quality and storability of local Diyala orange fruit, healthy fruit of similar size and appearance
were selected and randomly divided into two groups. Orange fruit in the first group were dipped for 3 minutes in {Distilled
water (control), 0.5, 1, and 1.5 mM} methyl jasmonate. The second group of fruit were dipped in { Distilled water (control),
1, 2, and 4% w/v }chitosan solution for 3 minutes. After dipping, fruits were spread on a cloth to air-dry, after which the
fruit were packed in perforated white plastic bags, which were tied securely (each bag represents an experimental unit).
Subsequently, all fruits were stored in cold storage at 5+1°C and 85-90% RH for 120 days. After each period of storage
(30, 60, and 120) days, the fruits were taken out for analysis. The experiment was laid out as a factorial experiment in
a completely randomized design (CRD), including three factors: methyl jasmonate, chitosan, and storage period (4*4*3)
with 3 replicates. Data were tabulated and statistically analyzed utilizing the SAS program [29]. The differences among
various treatment averages were tested using the Duncan multiple-range test at the 0.05 level [30]. The parameters measured
during the experiment are described in detail below:

Fruit weight loss (%): The starting weights of the fresh fruits were measured before storage, and the weights of the
same fruits were recorded after each storage period [18]].

Total soluble solids (TSS): The total soluble solids were measured using a hand refractometer ([31]).

Titratable acidity (TA%) and Ascorbic acid content (mg. 100 ml'! juice fruit), were determined as recommended in
[32]. The (TA%) was determined based on citric acid by titrating clear juice with (0.1N NaOH) utilizing phenolphthalein
as indicator. Ascorbic acid content was measured using the titration method with 2,6-Dichlorophenol indophenol.

Total phenol content: Phenol was extracted from juice using an ethanolic hydrochloric acid solution (85% ethanol,
15% 1N HCI). The mixture was refrigerated at 4°C for 24 hours, then centrifuged at 3000 rpm for 15 minutes.

Phenol content was measured with a UV-1700 spectrophotometer at 280 nm, presented as mg of total phenol per 100g
of fresh juice [33].

Fruit disorder (%): Any signs of deterioration (decay) and visual disorder (chilling injury) on the fruits were recorded.
The percentage of decayed fruits was determined based on the total number of fruits [34].

Enzyme catalase (mmol.min"!.mg™!):

A 2 ml aliquot of plant extract was incubated with a reaction mixture containing 65 mM hydrogen peroxide and 60
mM sodium-potassium phosphate buffer at pH 7.4 for 4 minutes at 25 °C. The concentration of the yellow complex of
molybdate and hydrogen peroxide was measured at 405 nm after the enzymatic process was terminated by 1 ml of 32.4
mM ammonium molybdate [35]].
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3. RESULTS AND DISCUSSION

3.1. FRUIT WEIGHT LOSS (%)

As indicated by the results presented in Table[I], all concentrations (0.5,1,1.5 mM MelJA and 1, 2, 4% CHI) lowered the
fruit weight loss (%) significantly in comparison with untreated fruits of the MeJA and CHI which recorded the maximum
fruit weight loss. This result can be attributed to fruit transpiration, which involves water diffusion through the peel surface
and is a critical element influencing the water loss of fruit during cold storage. Moreover, weight loss is caused by metabolic
processes, including respiration and cellular degradation resulting from chilling injury damage at low temperature [36].
MelJA treatment may modify physiological processes associated with water loss during storage. Nevertheless, a mechanism
involving stomatal closure and free-radical production cannot be established from the measurements reported here and
requires direct experimental evidence before it can be asserted as an explanation [[19]]. It has been reported that the capacity
of chitosan to create a semipermeable barrier against oxygen, carbon dioxide, and moisture might be the reason for the
significant reduction in weight loss observed whenever it is used as an edible coating during storage. As a result, coated
fruits may therefore lose less water and exhibit less dehydration and shrinkage [37, [38]]. The highest fruit weight loss,
observed at the end of the storage period, may have been caused by a faster metabolism and ripening, which accelerated
the breakdown of cell walls, and increased membrane permeability, which exposed the cell wall for easy evaporatlon [39].
The results of the present study are in agreement with those found by [19] 40] on blood orange fruits cv. Moro and on
lime fruits respectively. On the other hand, the triple interaction treatments showed that the lowest fruit weight loss (%)
was noticed when the fruit was dipped in 0.5 mM MeJA+ 0% CHI + 30 days storage compared with the highest fruit weight
loss (%) found from the untreated fruits during 120 days.

Table 1. Effect of methyl jasmonate (MeJA), chitosan (CHI), storage period and their interaction on fruit weight loss (%) of local orange
stored at5 +1°C

MeJA (mM) CHI (%) | Storag‘zger“’ds (daf’zsz) MeJA*CHI | Mean of MeJA
0 1.601 mn | 5.096fg | 10.552a | 5.750a
0 I 0918no | 2.491j-1 | 8270bc | 3.893 b 2838 4
2 0985n0 | 2418kl | 4.734g | 2712 ¢f :
7 [115n0 | 2.800i1 | 5.080fg | 2.998 ¢
0 07610 | 2.602j1 | 2.826i-1 | 2.063 g
I T142n0 | 3.1214] | 2.944 1K | 2.402 fg
0.5 2 1.097n0 | 2.986ik | 7.493d | 3.850D 2:602¢
i 0.998n0 | 2.600j-1 | 2.644 -1 | 2.084 g
0 08620 | 3.824h | 5598f | 3.428¢
| I 08120 | 2160Im | 6.245¢ | 3.072de | , oy
2 0.950n0 | 2.479]1 | 8458b | 3.962b :
7 1091 no | 3.1421j | 7.800cd | 4011 b
0 1321no | 3.139i] | 8.135bc | 4.198 b
I 1.076n0 | 275811 | 8.573b | 4.136 b
LS p T019n0 | 284411 | 4757g | 2873 ¢ 3.646b
7 1.090n0 | 3.414hi | 5.629f | 3378cd
Mean of Storage Periods 1.052 ¢ 2.993 b 6.233 a
0 T155f | 3.201d | 7.159a
. 0.5 0.999 f 2.830e 3977 ¢ Mean of CHI
MeJA*Storage periods | — 0020T | 2.901de | 7.025 ab
5 T126f | 3.039de | 6.773 b
0 1136g | 3.665d | 6.778a 3.860 a
. T 0987g¢ | 2.633f | 6,508 ab 3376 b
CHI*Storage periods 1= [013g | 2.682F | 63600 33520
g 1073g | 2992¢ | 5.288¢ 3118 ¢

Means of each factor and their interactions followed by the same letters are not significantly different from each other, according to Duncan’s multiple
range test at 0.05 level.

3.2. TOTAL SOLUBLE SOLIDS (TSS)

The results presented in Table 2| showed that total soluble solids (TSS, %) were significantly higher in untreated fruit
than in fruit dipped in 1 mM MeJA. The elevated TSS content of the control fruit might have arisen from the concentration of
fruit juice associated with water loss and storage-related changes in soluble constituents. Al-Hajani et al. also reported that
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total soluble solids and fruit weight loss increased as cold storage was prolonged [41]. However, in MeJA-treated fruit, the
decrease in TSS might be due to delayed ripening and senescence processes, thereby indirectly delaying an increase in TSS
(%) during storage [19]. A similar study [42] observed that the increase in TSS (%) of Murcott mandarins was diminished
in treated fruits compared to the control fruit. In addition, the present data show that TSS (%) was significantly increased
when the storage period was prolonged from 30, 60 to 120 days. This pattern might reflect the substantial quantities
of polysaccharides in the cell wall, primarily pectin and cellulose, which are degraded by cell wall-degrading enzymes,
resulting in a slight increase in total soluble solids content during storage [43]]. The present results can be compared with
earlier observations on grapefruit [44]]. In navel orange fruit, Youssef et al. reported that soluble solids increased initially
and subsequently declined during storage, while several coating treatments retained higher soluble solids than the control.
Their findings therefore demonstrate treatment-dependent changes rather than direct agreement with every trend observed
here [45]]. Meanwhile, the combination among 0 mM MeJA+ 0% CHI+120 day storage recorded significantly higher TSS
(%) compared to all other interaction treatments, except the interaction among (0 mM MeJA+ 0% CHI+ 60 day storage)
and (0.5 mM MeJA+1%CHI +120 day), while the minimum value TSS (%) in fruit was recorded by the interaction among
(0 mM MeJA+1% CHI and 30 day storage).

Table 2. Effect of methyl jasmonate (MeJA), chitosan (CHI), storage period and their interaction on fruit total soluble solid (TSS%) of local
orange stored at5 +1°C

MeJA (mM) CHI (%) 5 Stora%eopemds (da3152)0 MeJA*CHI | Mean of MeJA
0 11.667 cf | 12.500ab | 12.833a | 12.333a
0 I 10.667h | 11.333dh [ 11.833b-¢ | T1.278b¢ | |} s,
2 11.000 f-h | 11.333 d-h | 12.000 b-d | 11.444 bc :
7 10.833gh | 11500 c-g | 12.000 b-d | 11.444 bc
0 10.833gh | 11.333dh | 11.500c-g | 11.222¢
I [1.000 f-h | 11.667 cf | 12.167ac | 11.611bc
05 2 1,000 h | 11.667 c-f | 12.000b-d | 11.556bc | |1-480ab
7 11.000 f-h | 11.667 cf | 12.000b-d | 11.556 bc
0 11.000f-h | 11.167e-h | 11.667 cf | 11.278 be
X I TT.000 Fh | 11500 c-g [ 11.833be | 11.444bc | |\ ,0o
2 11.000 f-h | 11.333 d-h | 12.000 b-d | 11.444 be :
7 [1.167eh | 11.333d-h | 11.833 b-e | 11.444 be
0 11.000f-h | 11.333dh | 11.667 cf | 11.333 be
I 11.333d-h | 11.833b¢ | 12.000b-d | 11.722b
= 2 [T.000h | 11333 dh | 11.667cf | 11333bc | |1-480ab
7 11.333d-h | 11500 c-g | 11.833 b-e | 11.556 bc
Mean of Storage periods 11.052 ¢ 11.521b 11.927 a
0 11.042fg | 11.667bd | 12.167a
. 0.5 10.958 11.583b-d | 11.917 ab Mean of CHI
MeJA*Storage periods | — 11,042 ?g 1333 | 11.833 ac
s [1.167¢eg | 11.500 ce | 11.792 be
0 11.125de | 11.583bc | 11.917 ab 115424
CHI*Storage I [1.000e | 11.583bc | 11.958a 1514a
2 [1.000e | 11.417cd | 11.917 ab 1444 a
7 [1.083¢ | 11.500c | 11.917 ab 11.500 a

Means of each factor and their interactions followed by the same letters are not significantly different from each other, according to Duncan’s multiple
range test at 0.05 level.

3.3. TITRATABLE ACIDITY (TA%0)

The data in Table [3] show that fruit treated with 0.5 mM MeJA had significantly higher titratable acidity than fruit
receiving the other MeJA concentrations. The lower acidity in untreated fruit might reflect the utilization of organic acids
in respiration or other metabolic changes occurring in the fruit during storage [46]. The higher organic acid content in
treated fruit may be associated with slower respiratory consumption and delayed senescence, helping to preserve acidity
during storage. As related evidence from another fruit system, Valero et al. found that salicylic, acetylsalicylic, and oxalic
acid treatments delayed postharvest ripening in sweet cherry. Their results provide a comparative physiological context and
should not be interpreted as a direct test of MeJA or chitosan in orange fruit [47]]. Our results were similar to those reported
by Geransayeh et al. [48], who showed that titratable acidity (%) was higher in strawberry fruit treated with different
postharvest applications of MeJA compared with the control. Additionally, the titratable acidity (%) of fruit substantially
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decreased when the storage period was extended from 30 to 60 and 120 days. The titratable acidity (%) correlates with
the concentration of organic acids, which significantly influence fruit quality, while their decline during cold storage is
associated with their utilization as primary respiratory substrates for energy generation during storage [36]]. Also, among
all of the interaction treatments, the highest significant titratable acidity (%) was recorded in fruits treated with 0.5 mM
MeJA + 0% CHI + 30 days storage compared with the control fruit during 120 days storage, which was higher than all
other interactions, demonstrating that this triple combination was most efficacious in preserving acidity.

Table 3. Effect of methyl jasmonate (MeJA), chitosan (CHI), storage period and their interaction on fruit titratable acidity (TA%) of local
orange stored at 5 +1°C.

MeJA (mM) CHI (%) | Storaggope“‘)ds (dalyzs(; MeJA*CHI | Mean of MeJA
0 0872e-g | 0765kl | 0.603q | 0.747f
0 I 0.999ab | 0.905d-f | 0.7091Im | 0.869 b 0.805 b
2 0.978ac | 0.785ik | 0.683 m-o | 0.815cd :
7 0.956a-d | 0.781jk | 0.628 o-q | 0.788 de
0 1012a | 0.961ad | 0.762kl | 0911a
I 0.965a-d | 0.858 f-h | 0.675 mp | 0.830 ¢
05 2 0.944bd | 0.850 11 | 0.649mq | 0814cd | 03422
] 0.965 a-d | 0.803 hk | 0.674 m-p | 0.814 cd
0 0978ac | 0.777jk | 0.615pq | 0.790 de
X I 0922c-e | 0.840 g | 069 mn | 0820cd | o0, o
2 0.961 a-d | 0.807 h.k | 0.632n-q | 0.800 c-¢ :
7] 0.935b-d | 0.824 gk | 0.657 m-q | 0.805 c¢
0 0.973ac | 0.824 gk | 0.666 m-q | 0.821 cd
I 0.926bc | 0.781jk | 0.615pq | 0.774 ef
L5 2 0.958a-d | 0.769kI | 0.687 m-o | 0805 cc | (504D
] 0.978ac | 0.815 gk | 0.654 m-q | 0.816 cd
Mean of Storage periods 0.957 a 0.822b 0.663 c
0 0950a | 0.809c | 0.656¢
. 05 0969a | 0.868b | 0.690d Mean of CHI
MeJA*Storage periods = 0049a | 0812¢ | 0.650¢
5 0959a | 0.797¢c | 0.655¢
0 0959a | 0.832bc | 0.661d 0817 a
. I 0949a | 0.846b | 0.674d 0823 a
CHI*Storage periods | — 0960a | 0.803¢ | 0.663d 0.808 a
7 0958a | 0.806¢ | 0.653d 0.806 a

Means of each factor and their interactions followed by the same letters are not significantly different from each other, according to Duncan’s multiple
range test at 0.05 level.

3.4. ASCORBIC ACID CONTENT (MG. 100 ML ! JUICE FRUIT)

The results presented in Table [d]clearly indicate that MeJA had a positive effect on fruit juice ascorbic acid, the highest
ascorbic acid content was recorded in fruit dipped in (0.5 mM MeJA), but the lowest ascorbic acid in orange juice was
found in fruit treated with (1.5 mM MeJA). MeJA helps to postpone the ascorbic acid oxidation process during metabolic
activities [49]. MeJA can increase the transcription of genes involved in the de novo production of ascorbic acid in fruits,
according to reports from studies conducted on plant cells [50]. Furthermore, fruits dipped in CHI concentration at (2%)
significantly increased ascorbic acid compared to untreated fruits. The higher ascorbic acid content was caused by coatings,
possibly because they slow down the gas exchange rate with the environment, preventing ascorbic acid from being exposed
to oxygen and helping to retain it within the fruit [26]. Every coating procedure postponed the deterioration of the vitamin
C content of the fruit [51]]. Chitosan can elicit antioxidant defense responses that influence the balance between reactive
oxygen species and antioxidant activity in harvested fruit. These responses provide a plausible physiological context for
interpreting the retention of antioxidant compounds during storage [52, 53]]. The results showed that a prolonged storage
period from 30 to 120 days induced a significant reduction in fruit juice ascorbic acid. This might be due to the quick
conversion of L-ascorbic acid into dehydroascorbic acid in the presence of L-ascorbic acid oxidase and the enhanced
respiration process [54} 55]. Our data are in agreement with the findings of these studies [43] on lemon fruit, [56] on
mandarin fruits cv. ‘Murcott’, and [20] on blood orange fruit. The combination of 0.5 mM MelJA, 0% CHI, and 30 days
of storage was effective for preserving ascorbic acid in orange juice as compared with the untreated fruit during 120 days
storage, which recorded the lowest ascorbic acid.
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Table 4. Effect of methyl jasmonate (MeJA), chitosan (CHI), storage period and their interaction on fruit ascorbic acid content (mg. 100 ml’
Juice fruit) of local orange stored at 5 + 1 °C.

MeJA (mM) CHI (%) |5 S“’ragg periods (d?’;g MeJA*CHI | Mean of MeJA
0 70.630e | 49.177t | 47.160u | 55.656]
0 I 73367b | 58.900h | 56.5201 62929¢ | (i 1408
2 72503bc | 64.657f | 53.713kn | 63.624b :
7 72.937bc | 59.833 gh | 54287kl | 62.352¢
0 75.103a | 64.873f | 563771 65451 a
I 72503 bc | 55.8731 | 52.847n-q | 60.408 f
0.5 2 72577bc | 60553 | 511931 | 61.d41ed | 018822
7 72433bc | 563071 | 51.983qr | 60241 T
0 72650 be | 56.0871 | 52.490 o-q | 60.400 f
. I 71353 de | 52150 pr | 50.757s | SBO8THI | oo yos .
2 73007 be | 554401 | 54.143 km | 60.863 ef :
7 72.937bc | 51.950qr | 50.833s | 58.573 gh
0 72.937bc | 51.1201s | 49.103 ¢ 577201
s I 72073 cd | 59257h_| 53.037m-p | 61489d | oo o)
2 734436 | 54.650 k | 48.820t 58971 ¢
g 74.690a | 53.353 -0 | 48.6731 58.906 g
Mean of Storage periods 72.821a | 56.511b 52.002 ¢
0 72359b | 58.142d | 52920 ¢
. 05 731542 | 59402¢ | 53.100 ¢ Mean of CHI
MeJA*Storage periods | — 72487b | 53.907f | 52.056h
s 73286a | 54.595¢ | 49.9331
0 72.830ab | 55314e | 51.283h 59.809 ¢
CHI*Storage periods |} 72324b | 56.545d | 53315T 60.728 b
2 728832 | 58.825¢ | 51968 ¢ 61.225a
i 73249a | 5536le | 51.444h 60.018

Means of each factor and their interactions followed by the same letters are not significantly different from each other, according to Duncan’s multiple
range test at 0.05 level.

3.5. TOTAL PHENOLS CONTENT (MG 100G JUICE)

As shown by the results in Table [5} MeJA at 0.5 mM, CHI at 4% and 2% produced significantly higher total phenol
content in orange fruits compared with the control fruits, which recorded the lowest value. The increase in total phenols
in treated fruits might be attributed to activation of the secondary metabolic pathway leading to the buildup of phenolic
compounds in the fruits [57]. MeJA activates many defense signaling pathways and induces the synthesis of numerous
secondary metabolites, including phenolic substances [S8] and [59]. The postharvest administration of MeJA postponed the
depletion of polyphenols, including total phenols, likely due to the enhancement of phenylalanine ammonia lyase activity
by these compounds, which facilitates the accumulation of elevated levels of total phenols [[60]. By lowering the oxygen
permeability and loss of water in fruit, chitosan coating can inhibit oxidative stress and enzymatic browning, which break
down phenolic compounds [61]. These observations suggest that chitosan coatings create a protective barrier on the fruit
surface, hence reducing the availability of oxygen responsible for the enzymatic oxidation of phenolic components [62].
The results clearly showed that total phenol content was significantly affected by the duration of the cold storage period.
Consequently, it is evident that fruit stored for 30 days had significantly elevated total phenol levels in comparison to those
stored for 60 and 120 days storage. Also, the reduction of total phenols during cold storage in orange fruits has been related
to their enzymatic oxidation mainly due to peroxidase (POD), and polyphenol oxidase (PPO) activities [37, [63]. The
reduction in phenolic content at the end of cold storage might result from the breakdown of phenolic compounds attributed
to enzymatic activity [64]. The results from our study are similar to those of [49] who demonstrated that preharvest
application of MeJA had higher total phenols in ‘Kinnow’ mandarin (Citrus reticulata Blanco) fruits. Additionally, the
best interaction was observed in (0.5 mM MeJA+ 0% CHI + 30 days storage), which was the most effective interaction for
obtaining a significantly higher total phenol content. However, the lowest total phenol in the orange fruit juice was noted
in the fruit of (0 mM MeJA+ 0% CHI and stored for 120 days) interaction.
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Table 5. Effect of methyl jasmonate (MeJA), chitosan (CHI), storage period and their interaction on fruit total phenols content (mg 100g™!
Juice) of local orange stored at 5 + 1 °C.

MeJA (mM) CHI (%) |+ Storagg periods (dai’;)o MeJA*CHI | Mean of MeJA
0 69.401q | 50.692 w-y | 33.902B1 | 51.3321
0 I 103101 | 56314 | 40375A2 | 66.597h | (oo,
2 109.149¢ | 70.057pq | 54717 | 77.974d '
g 99397 gh | 649821 | 48957y | 7l.112¢g
0 1443052 | 100.794 ¢ | 80.4361m | 108512 a
I 96.6601 | 72.196p | 49.841 x-y | 72.899
0-5 2 1206270 | 820181 | 777130 | 1001536 | 4298
g 135880c | 81.6401 | 70.941pq | 96.154¢
0 82.1611 | 59.507s | 50.782 w-y | 64.150
X I 71854 pq | 56.670t | 52.350 u-w | 60.291 67 144 c
2 93381] | 649251 | 51.495vx | 69.933 ¢ '
7 98570 ¢ | 822041 | 41.829aZ | 74201 e
0 77.071n | 747050 | 43.754z | 65.1761
s I 113319d [ 078290 | 79.18Tmn | 96.776¢ | - 12y
' 2 70.037 pq | 52394 u-w | 53.634uv | 53.688 K '
7 80446k | 70.699pq | 43340z | 67.828h
Mean of Storage periods 99.647 a 71.108 b 54.578 ¢
0 95262b | 60511 h | 44488k
. 05 129368a | 84.187d | 69.733 Mean of CHI
MeJA*Storage periods | — 86.491c | 65826g | 49.114]
5 8§7.468c | 73.907e | 54.9771
0 93235d | 71.424f | 52.218] 72292 ¢
. I 96.234c | 70.752f | 554371 74141 b
CHI*Storage periods 103.298b | 67373g | 59.390h 76.687 a
] 105823a | 74881e | 51.267] 77324 a

Means of each factor and their interactions followed by the same letters are not significantly different from each other, according to Duncan’s multiple
range test at 0.05 level.

3.6. CHILLING INJURY (%)

Table [6] clarified that chilling injury (%) in fruit significantly decreased in fruit dipped at all concentrations of MeJA
and CHI compared to the control, the lowest value obtained from (1 mM MeJA and 2% CHI) respectively. MeJA plays an
important function in signaling defense in chilled plants, and the establishment of tolerance has frequently been linked to the
accumulation of defense-related enzymes and compounds [65]. MeJA is proposed to function via augmenting antioxidant
activity, and enhances tolerance to chilling injury by increasing antioxidant activity in the flavedo, hence improving its
reactive oxygen species (ROS) scavenging capability [66]. Chitosan coating reduced chilling injury. This response may
be associated with the protective coating on the fruit surface and the elicitation of defense mechanisms that help maintain
cellular integrity during storage. Chitosan is a chitin-derived polymer, and the proposed explanation therefore concerns
chitosan-mediated protection rather than a membrane formed from hydrolyzed starch [52167]. Overall, coated fruits were
of higher quality than uncoated ones; this enhancement in quality might be ascribed to an increase in organic acids during
senescence [68]]. On the other hand, the present findings showed that chilling injury (%) significantly increased on orange
fruits when the storage period was prolonged from 30, 60 to 120 days storage, while during 30 days there were no symptoms
of chilling injury (%). Our results are similar to previous findings of [18]] on orange fruits cv. Valencia , [69] on mango
fruits, and [70] who illustrated that the physiological disorder in mandarin fruits increased after storage duration of 62
days. Furthermore, the best triple interaction was recorded at both (0 mM MeJA+ 4% CHI + 60 days), and (1 mM MeJA+
1% CHI+ 60 days) because no chilling injury was observed in these fruit. In addition, no chilling injury was observed on
the peel of the fruit treated with all concentrations of MeJA + CHI during the first period of storage.

3.7. FRUIT DECAY (%)

Table[7]showed that the fruit decay (%) decreased significantly when the fruit was treated with all dipping concentration
treatments of both MeJA and CHI compared with the control fruits, the minimum value was obtained from fruits treated
at (1.5 mM MeJA and 2% CHI) each alone. MeJA has been demonstrated to stimulate the synthesis and expression of
specific stress proteins, including heat-shock proteins and pathogenesis-related proteins, resulting in enhanced resistance
to infections and reduced decay incidence [71. [72]].
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Table 6. Effect of methyl jasmonate (MeJA), chitosan (CHI), storage period and their interaction on fruit chilling injury (%) of local orange
stored at 5 +1°C.

Storage periods (days) "
MeJA (mM) CHI (%) {55 £ = MeJA*CHI | Mean of MeJA
0 0.000c | 33.333a | 37.500a | 23.611a
I 0.000c | 8333bc | 16.667b | 8.333b
0 2 0.000c | 4167bc | 8333bc | 4.167b 10.060 2
i 0.000c | 0.000c | 12500 bc | 4.167 b
0 0.000c | 4167bc | 16.667b | 6.944b
I 0.000c | 12500 bc | 4.167bc | 5.556 b
0.5 2 0.000c | 4167bc | 15.625b | 6597 b 6.047b
i 0.000c | 11.111bc | 4.167bc | 5.093 b
0 0.000c | 8333bc | 4.167bc | 4.167b
. I 0.000c | 0.000c | 6.250bc | 2.083 b 43408
2 0.000c | 12500 bc | 4.167bc | 5556 b :
i 0.000c | 12500 bc | 4.167bc | 5.556 b
0 0.000c | 8333bc | 12.500 bc | 6.944 b
1 0.000c | 16667b | 4.167bc | 6.944b
15 2 0.000c | 6250bc | 5.555bc | 3.935b 6.019b
i 0.000c | 10417 bc | 8333bc | 6250 b
Mean of Storage periods 0.000b | 9.549a 10.308 a
0 0.000d | 11.458b | 18.750a
. 05 0.000d | 7.986bc | 10.156 be Mean of CHI
S
MelA*Storage periods - 0.000d | 8333bc | 4.688 cd
5 0.000d | 10417 bc | 7.639 be
0 0.000d | 13.542ab | 17.708 a 10417 a
. i 0.000d | 9375bc | 7.813 be 57200
*
CHI*Storage periods | — 0.000d | 6771 ¢ | 8420 bc 5064 b
i 0.000d | 8507 bc | 7.292 ¢ 52660

Means of each factor and their interactions followed by the same letters are not significantly different from each other, according to Duncan’s multiple
range test at 0.05 level.

The lower incidence of decay in MeJA-treated fruit may be associated with induced disease resistance and changes in
protective antioxidant and phenolic compounds. These potential mechanisms offer a basis for interpreting the observed
treatment response, although they do not independently establish the causal pathway in the present orange fruit experiment
[15L [73]]. Chitosan has been extensively utilized in antimicrobial films to create an edible protective coating for food
by spraying and immersing because of its antibacterial properties [22, [52]]. The fruits can be better protected against
postharvest decay by applying an edible coating that partially restricts gas exchange through the fruit peel and inhibits the
activity of ethylene [[74]. Data about storage period demonstrated that no decay was observed in fruit at the first and second
period (30 and 60 days storage), but after extending the storage period to 120 days, some fruits showed signs of decay. The
increase in fruit decay at the end of storage is mostly caused by fruit weight loss, which results in shriveling and degradation,
it is known that immersed treatments lower the rate of weight loss, which in turn lowers the percentage of decay [75)]. Our
results are consistent with [51]] on navel orange fruit, and [76] on Murcott tangor. Moreover, the combination of 1.5 mM
MeJA and 4% CHI preserved orange fruit without observed decay after 120 days of storage. This treatment combination
therefore maintained fruit quality over the longest storage interval assessed in the present experiment. By comparison,
untreated fruit stored for 120 days had the highest value of decay (%) in comparison with all other triple interactions.

3.8. CATALASE ENZYME

As illustrated in Table [§] MeJA at 0.5 mM and CHI at all tested concentrations significantly increased catalase activity
in orange fruit juice compared with the untreated control fruit. Catalase enzyme (CAT) is an anti-oxidative detoxification
enzyme that plays a crucial role in the scavenging of reactive oxygen species [77]. Externally applied MeJA can act as
an inducer of signaling pathways that regulate the production of reactive oxygen species (ROS), including H,O,, and
activate defense and stress responses [[/8]. Moreover, MeJA can upregulate genes associated with catalase and increase
CAT activity [73,[79]. The elevation of the catalase enzyme might be due to MeJA, which increases the activity of the
antioxidant enzyme. On the other hand, fruit treated with MeJA increases antioxidant enzymes such as catalase enzyme,
and other defense systems to prevent ROS damage [66]. According to reviews, MeJA frequently causes the production
of defense genes and ROS, which trigger the activation of the antioxidant system as a compensatory protective response [80]].
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Table 7. Effect of methyl jasmonate (MeJA), chitosan (CHI), storage period and their interaction on fruit decay (%) of local orange stored at

5+1°C
MeJA (mM) CHI (%) Storage periods (days) MeJA*CHI | Mean of MeJA
30 60 120
0 0.000c | 0.000c | 29.167a | 9.722a
0 I 0.000c | 0.000¢c | 125006 | 4.167b 4861 4
2 0.000c | 0.000c | 4167c | 1.389b '
7} 0.000c | 0.000c | 12.500b | 4.168 b
0 0.000c | 0.000¢c | 14.063b | 4.688b
I 0.000c | 0.000¢c | 6250 bc | 2.083 b
0.5 2 0.000c | 0.000c | 6.250bc | 2.083 b 2.734D
7} 0.000c | 0.000c | 6.250bc | 2.083 b
0 0.000c | 0.000¢c | 8333 bc | 2.778 b
I 0.000c | 0.000c | 12.500b | 4.167b
! 2 0.000c | 0.000c | 4167c | 1.389b 2778
7} 0.000c | 0.000c | 8.333bc | 2.778b
0 0.000c | 0.000¢c | 4.167¢c | 1.389b
I 0.000c | 0.000c | 8.333bc | 2.778 b
= 2 0.000c | 0.000c | 4167c | 1.389b 13890
i 0.000c | 0.000¢c | 0.000c | 0.00b
Mean of Storage periods 0.00b | 0.00b | 8.822a
0 0.000d | 0.000d | 14583 a
. 0.5 0.000d | 0.000d | 8.203b Mean of CHI
*
MeJA*Storage periods | — 0.000d | 0.000d | 83336
5 0.000d | 0.000d | 4.167¢
0 0.000d | 0.000d | 13.932a 46442
. I 0.000d | 0.000d | 9.896 b 3299 ab
%
CHI*Storage periods = 0.000d | 0.000d | 4.688 ¢ 15630
7 0.000d | 0.000d | 6.771 be 2257b

Means of each factor and their interactions followed by the same letters are not significantly different from each other, according to Duncan’s multiple
range test at 0.05 level.

In addition, MeJA treatments have been associated with increased catalase activity during cold storage of citrus fruit,
including mandarins and blood oranges [[66] and [13]. The catalase enzyme increased in the fruit juice of local Diyala
orange when treated with chitosan, which might be due to stimulating the antioxidant defense system as a biological elicitor
[52]. Chitosan might produce a regulated ROS signal that triggers defense mechanisms. In response, the fruit produces
more catalase and associated enzymes to detoxify H,O, and preserve ROS equilibrium [67, [81]]. Nevertheless, Chitosan
coatings may sustain increased catalase activity and delay fruit senescence by reducing ROS generation and concurrently
stimulating the antioxidant enzyme system [53] [82]]. The chitosan-related findings can be compared with research on
coated strawberry fruit [83]. Separately, Elatafi et al. investigated methyl jasmonate and storage temperature in Shine
Muscat table grapes and reported effects on antioxidant activity and fruit quality. That grape study provides context for
the MeJA treatment discussed here, rather than direct evidence for a chitosan coating effect [84]]. The interaction between
MeJA and CHI further showed that fruit dipped in 0.5 mM MeJA and 4% CHI had significantly higher catalase activity in
orange juice than most other treatment combinations. The lowest value of catalase enzyme was found at (0 mM MeJA+
0% CHI).

Table 8. Effect of methyl jasmonate (MeJA), chitosan (CHI), and their interaction on enzyme catalase of local orange stored for 60 days at

5+1°C.
MelA (M) ] CHI (Z") 1 Mean of MeJA
0 4340f | 5.927b-d | 5.610de | 5.960b-d | 5459 b
0.5 6.170 a-d | 5.977b-d | 6370ab | 6.807a | 6.331a
1 5670 ce | 5.787b-d | 5.677ce | 5.67/0c-e | 5.701 b
1.5 5.620de | 6.347a—< | 5957b-d | 5.110e | 5.758 b
Mean of CHI | 5.450b | 6.009a | 5.903a | 5.887a

Means of each factor and their interactions followed by the same letters are not significantly different from each other, according to Duncan’s multiple
range test at 0.05 level.

No. 24, January - December 2026 - pp. 2340 - 2356



The Impact of Methyl Jasmonate, Chitosan, and Storage Period on the Storability of Local Orange Fruits 2351

4. CONCLUSION

Based on the data, it can be concluded that local Diyala orange fruits treated with methyl jasmonate and edible coating
of chitosan during the cold storage period, whether applied alone or in combination, were effective in prolonging the storage
period and reducing (fruit weight loss, chilling injury, and decay, in addition to preserving titratable acidity, ascorbic acid,
and total phenol content) compared with the control after 120 days in cold storage. Moreover, the treatments preserved
catalase activity relative to untreated fruit after 60 days of cold storage. Overall, the postharvest application of methyl
jasmonate and chitosan demonstrated efficacy in preserving the postharvest quality and prolonging the storability of local
Diyala orange fruits.
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