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 This study aimed to determine the quality and storability of the 

orange fruit cv. Diyala after 60 days of storage at 6±1°C and 90% 

RH under aqueous ozone at 4 mg L-1 or 15% Aloe vera gel. The 

fruit packaging was applied in three types: without packing, 

perforated plastic bags, and paper wrapping bags. The experiment 

was performed in a complete randomized design with three 

replicates. These parameters were studied: weight loss, 

respiration rate, moisture content, firmness, pH, juice, total 

soluble solids, total titratable acidity, TSS/TA, total sugar, 

ascorbic acid, and total carotenoids. Results indicated that the 

lowest weight loss in orange fruits was recorded for the 15% Aloe 

vera + Perforated plastic bag (7.17%), the minimum respiration 

rate was recorded for the 15% Aloe vera + Perforated plastic bag 

(8.96 mg CO2 kg-1 h-1), the same treatment had the most 

significant effect on the moisture content (80.55%), all treatments 

significantly affected on the firmness of orange fruits. The 

aqueous ozone + Perforated plastic bag treatments were 

significantly superior to the control treatment on the pH value. On 

the other hand, the highest juice percentage was recorded from 

the control treatment—the total titratable acidity obtained in 

aqueous ozone + 15% Aloe vera (0.72%). Furthermore, 15% Aloe 

vera + without packaging significantly affected the ascorbic acid 

content of oranges. The aqueous ozone + 15% Aloe vera + fruit 

wrapping paper bag treatment greatly affected the total sugar and 

carotenoid contents. 
College of Agriculture and Forestry, University of Mosul.   

This is an open-access article under the CC BY 4.0 license (https://magrj.mosuljournals.com/ ).   

      

INTRODUCTION 

Orange (Citrus sinensis L. Osbeck) is one of the most important evergreen 

fruit trees in the Rutaceae family and belongs to the genus Citrus. It is the most traded 

horticultural product in the world, with production and consumption increasing every 

year in Iraq (Inglese and Sortino, 2019). According to world data atlas statistics, citrus 

fruit production in Iraq was 167,880 tons in 2021. According to FAO statistics, 

oranges are the most important citrus fruit, accounting for 79 million tons (46.7% of 

citrus fruit production) (FAOSTAT, 2023). Because postharvest losses account for 

approximately 30-40% of total fruit and vegetable production, storage is regarded as 

one of the most important practices for increasing shelf life and improving the 

quantity and quality of fruits. Consumers demand high quality food without any 

chemical preservatives and have a longer shelf life. Packaging is thus an important 

stage of the storage process to protect the product from spoilage (Al-Mahmood, 
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2022). Many packaging materials are designed to aid in the cooling process, and 

perforated packaging materials are recommended for removing excess heat and 

moisture from products during storage (Azene et al., 2014). The quality and shelf-life 

of fruits are impacted by contamination by several microbial agents, and when the 

fruits are stored in a cold room without treatments, significant losses occur (Rocha-

Pimienta et al., 2020). In 1997, the US Food and Drug Administration approved 

ozone as a prospective alternative treatment for fresh produce, notably fruits and 

vegetables, as well as a potential substitute for a sanitizing agent for postharvest 

treatment . 

Ozone is a gas with a high oxidant capability that kills most microorganisms 

(Karaca, 2010). When ozone is used in postharvest treatment, it can be administered 

in a gaseous or aqueous manner, and the critical advantage is that it does not leave 

any chemical residues in treated products, which is why many organic producer 

groups support it (Horvitz and Cantalejo, 2014). Ozone is not only antimicrobial but 

can also destroy pesticide residues and chemical substances (Ozen et al., 2021). It is 

thus a non-contaminant substitute for reducing the use of fungicides during fruit 

preservation. Additionally, the use of ozone at a proper level in the storage 

atmosphere might increase shelf life, possibly protect against disease with no 

physiological effect, and reduce the respiration rate indirectly, indicating that ozone 

considerably slows the aging process and weight loss in oranges in comparison to 

untreated oranges and is approved by many organic producer organizations (Karaca, 

2010; García-Martín et al., 2018). Aqueous ozone is also used for the sanitation of 

fruit surfaces and packaging equipment and is an alternative to chlorine (Carletti et 

al., 2013). (Kassem et al., 2022) who found that after 40 days of cold storage at 

five °C and 0.6 ppm ozonated water, grapefruits showed physiologically desirable 

traits such as delayed loss of weight, deterioration, and preservation of juice content. 

Compared to all the treatments or the control, this treatment conserved the TSS/TA 

ratio, total phenolic, lycopene, vitamin C, and antioxidant activity. Consequently, the 

efficacy of aqueous ozone as a novel approach was used to prolong the freshness of 

grapefruits after cold storage and was confirmed as long as possible . 

Aloe vera (AV) is a succulent plant with short stems that belongs to the 

Asphodeleceae family. The plant contains many complex substances, including 

hormones, amino acids, vitamins, saponins, phenolic compounds, polysaccharides, 

glycoproteins, salicylic acid, and lignin. This contributes to its numerous therapeutic 

benefits as an antibacterial, antifungal, anti-inflammatory gel, and edible coating to 

prevent moisture loss and softening (Kumar and Bhatnagar, 2014). Additionally, 

Aloe vera coatings reduced carbon dioxide production and oxygen consumption, 

preventing anaerobic conditions (Benítez et al., 2013). AV gel is a polysaccharide 

that acts as a barrier to moisture and oxygen, slowing respiration and preserving fruit 

quality (Maan et al., 2018). Several researchers have recently shown that internal 

gases are transformed by A. vera, which also increases antioxidant activity and 

decreases moisture loss, respiration rate, oxidative browning, tissue softening, and 

microbial growth in fruits (Rehman et al., 2020). 10% Aloe vera gel coating delayed 

yellowing and extended the shelf life of lime fruits during ambient storage without 

affecting physicochemical traits (Pimsorn et al., 2022) . 
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Fruits must be packaged carefully to ensure freshness until they are served to 

customers. The different types of packaging significantly affected weight loss, 

firmness, pH, TA%, and total sugars and maintained the quality of the tomato fruits 

(Dladla et al., 2023). Therefore, this investigation aimed to study the impact of 

aqueous ozone and Aloe vera gel as edible coatings with different types of packaging 

on the quality and storability of orange fruits during cold storage. 

 

MATERIALS AND METHODS 

This study was carried out on the orange fruit Diyala cv., which was picked in 

the morning at the ripe stage (when the rind turns green to light yellow). The orange 

trees belong to a private orchard in the Kalar-Kurdistan region of Iraq. The fruits were 

transported to the College of Agricultural Engineering Sciences-Scientific 

Laboratory, University of Sulaimani. The fruits were selected for uniform size, color, 

and shape without damage or visual defects, and they were subsequently cleaned to 

remove dirt and other undesirable particles from the surface. Table (1) summarizes 

the study's treatments. The experiment was performed in a complete randomized 

design (CRD) with three replicates, and every replicate (experimental unit) consisted 

of 2 Kg of fruits. The fruits were dipped in Aqueous Ozone (AO) at 4 mg L-1 or 15% 

Aloe vera gel for 5 min. The fruit packaging was applied at three levels: without 

packing, perforated plastic bags, and paper wrapping bags. The treated fruits were 

stored for 60 days at 6±1°C with 90% relative humidity in the cold room storage 

(Misa Branded-Italy) of the Horticulture Department. The data were subjected to and 

analyzed of variance (ANOVA) using the XLSTAT program (Addinsoft, 2021). The 

means were compared using Duncan multiple range comparison tests at a probability 

of 0.05 (Al-Rawi and Khalaf Allah, 1980) . 

After the storage period (15/11/2022 to 15/1/2023), the samples were 

evaluated for analysis. These parameters were determined as follows: Fresh weight 

loss (%) was calculated, the difference between the initial weight of the fruits and 

their final weight was translated as weight loss percentage, The respiration rate (mg 

CO2 kg h-1) was calculated by the Carbon Dioxide Detector Model JD-112 

Dongguan Jinlide Electronic Technology Co., Ltd, China (González-Buesa and 

Salvador, 2019). Moisture content (%) has been determined using the method 

described by (Sultana et al., 2012). Fruit firmness (lb. cm-2) was determined by a 

Fruit Texture Analyzer with 10 mm depth and 0.2 mm /second speed as described by 

(Omar et al., 2022) for orange fruits. The pH of the orange juice was determined 

using a microprocessor pH meter (model-pH 211-HNA Com. Italy) (Kasnazany et 

al., 2023), and Juice (%) was determined with the method described by (Akusu et al., 

2016). A portable hand refractometer measured total soluble solids (TSS%) (Erma 

Japan) (Cao et al., 2010), total titratable acidity (TTA%) was measured by titration 

with sodium hydroxide (NaOH) and phenolphthalein (Ranganna, 2011), total sugars 

were determined by using 1mL of phenol 5%, and H2SO4 (97%) by 

spectrophotometer at 490 nm as mentioned (Joslyn, 1970). Ascorbic acid (mg.100g-

1 fresh weight) orange pulp of 5g was randomly collected from 5 fruits and blended 

with (5 ml) 1.0% (w/v) HCl and centrifuged at 10000 x g for 10 min. The 

supernatant's absorbance (243 nm) (ascorbic acid extract) was recorded using a 

spectrophotometer . 
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The spectrophotometer was calibrated by making standard solutions of 

ascorbic acid in the same way before the measurements were recorded (Tareen et al., 

2012), and total carotenoids (mg. 100 ml-1) were measured in orange juice by using 

80% acetone. Then, the sample concentration was read by a spectrophotometer at 480 

nm, as mentioned by (Aljabary et al., 2021). Finally, a scanning spectrophotometric 

colorimeter determined colorimetric parameters for three fresh orange fruits per 

treatment (Agrosta Roxanne, France). The half-maximum detection enabled the 

sensor to cover the visible region of the electromagnetic spectrum with a total width 

of 40 nm. A specific area of the spectrum was sensitive to 6 phototransistors in this 

sensor: (380 nm) violet; (450 nm) blue; (500 nm) green; (570 nm) yellow; (600 nm) 

orange; (670 nm) red. The whole visible area was lit by a white LED (Coelho et al., 

2020). 

Table (1): The treatments used in the experiment 

No. Symbol Treatment combinations 

1 T1 Aqueous ozone + Without packaging 

2 T2 Aqueous ozone + Perforated plastic bag 

3 T3 Aqueous ozone + Fruit wrapping paper bag 

4 T4 Aqueous ozone +15% Aloe vera 

5 T5 15% Aloe vera+ Without packaging 

6 T6 15% Aloe vera+ Perforated plastic bag 

7 T7 15% Aloe vera+ Fruit wrapping paper bag 

8 T8 Aqueous ozone+ 15% Aloe vera+ Perforated plastic bag 

9 T9 Aqueous ozone+ 15% Aloe vera+ Fruit wrapping paper bag 

10 C Control (Dipped in distilled water without packaging) 

 

RESULTS AND DISCUSSION 

Physiological water loss is a significant cause of postharvest deterioration. It 

results in shriveling and accelerates senescence, which decreases fruit weight, quality, 

and marketable value. The impacts of some treatments on weight loss in orange fruits 

are shown in Figure (1). According to the data analysis, the 15% AV + perforated 

plastic bag (T6) caused the most minor weight loss (7.17%), followed by the AO + 

15% AV + perforated plastic bag (T8) and AO + perforated plastic bag (T2) 

treatments, with values of 8.81% and 9.51% respectively. However, there was 

increased fresh weight loss in the AO + 15% AV treatment (T4), while no significant 

difference was detected among the T1, T3, T4, T7, T9, and control treatments. The 

respiration rate is another factor that affects the postharvest life of fruits. The results 

shown in Figure (2) also indicate that the maximum respiration rate of 11.45 mg CO2 

kg h-1 was obtained from the AO + without packaging treatment (T1). In contrast, 

the minimum respiration rates of 8.96 and 9.09 mg CO2 kg h-1 were obtained from 

T6 and T2, respectively. Therefore, a decrease in the respiration rate extends the life 

of fruits. 
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Means with the same letters are not different significantly by Duncan's multiple ranges test (p≤ 0.05). 

†Treatments: T1= AO + without packaging, T2= AO + Perforated plastic bag, T3= AO + Wrapping 

paper bag, T4= AO +15% AV, T5= 15% AV+ Without packaging, T6= 15% AV+ Perforated plastic 

bag, T7= 15% AV+ Wrapping paper bag, T8= AO + 15% AV+ Perforated plastic bag, T9= AO + 

15% AV+ Wrapping paper bag and T10= Control. 
 

Figure (1): The effect of some treatments on the fresh weight loss% of the orange 

fruits of Diyala cv. stored at 6±1°C and 90% RH for 60 days. 
 

 
Means with the same letters are not different significantly by Duncan's multiple ranges test (p≤ 0.05). 

†Treatments: T1= AO + without packaging, T2= AO + Perforated plastic bag, T3= AO + Wrapping 

paper bag, T4= AO +15% AV, T5= 15% AV + without packaging, T6= 15% AV+ Perforated plastic 

bag, T7= 15% AV + Wrapping paper bag, T8= AO+ 15% AV + Perforated plastic bag, T9= AO + 

15% AV+ Wrapping paper bag and T10= Control. 
 

Figure (2): The effect of some treatments on the respiration rate (mg CO2 kg h-1) of 

Diyala cv. orange fruits stored at 6±1°C and 90% RH for 60 days. 
 

Figure (3) shows that the moisture content of the orange fruits of Diyala cv. was 

affected by various treatments with aqueous ozone, Aloe vera gel, and packaging 

type. The data showed that the moisture content decreased significantly in the (T1, 

T3, T4, T9 and control) treatments when compared with T6 treatment fruits were 

stored for 60 days when the moisture content was between 80.55% in T6 and 77.13% 

in the control treatment (C). The result indicates that T6 is the best treatment because 

it has the lowest weight loss percentage and the highest moisture content. 
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Means with the same letters are not different significantly by Duncan's multiple ranges test (p≤ 0.05). 

†Treatments: T1= AO + without packaging, T2= AO + Perforated plastic bag, T3= AO + Wrapping 

paper bag, T4= AO +15% AV, T5= 15% AV+ Without packaging, T6= 15% AV+ Perforated plastic 

bag, T7= 15% AV+ Wrapping paper bag, T8= AO+ 15% AV+ Perforated plastic bag, T9= AO+ 15% 

AV+ Wrapping paper bag and T10= Control. 
 

Figure (3): The effect of some treatments on the moisture content (%) of Diyala cv. 

orange fruits stored at 6±1°C and 90% RH for 60 days.  
 

Firmness plays a crucial role in determining the quality of fruits. Fresh fruits are 

more firm than stored and damaged fruits. Customers choose them based on their 

freshness and juiciness. Therefore, figure (4) illustrates the impact of the AO and AV 

gel coatings and different types of packaging on the firmness of the orange fruit after 

60 days of storage. According to the findings, there were considerable differences in 

firmness when compared to the untreated treatment (control). However, all treatments 

contributed to maintaining the firmness in the experiment except for the control 

treatment. At the end of storage, the highest firmness (13.95 lb.) was observed for T8, 

while the lowest value (9.06 lb.) was obtained for fruits in the control treatment. 
 

 
Means with the same letters are not different significantly by Duncan's multiple ranges test (p≤ 0.05). 

†Treatments: T1= AO + without packaging, T2= AO + Perforated plastic bag, T3= AO + Wrapping 

paper bag, T4= AO +15% AV, T5= 15% AV+ Without packaging, T6= 15% AV+ Perforated plastic 

bag, T7= 15% AV+ Wrapping paper bag, T8= AO+ 15% AV+ Perforated plastic bag, T9= AO+ 15% 

AV+ Wrapping paper bag and T10= Control. 
 

Figure (4): The effect of some treatments on the firmness (lb.) of Diyala cv. orange 

fruits stored at 6±1°C and 90% RH for 60 days. 
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pH is an important characteristic and a critical factor affecting microbial 

spoilage, including the loss of clouds, the development of off-flavors, carbon dioxide 

production, and sensory changes that lead to deterioration. PH values must be 

determined to assess the quality of juice. According to the data presented in Figure 

(5), the highest pH of the orange fruit resulted from T1 and T2, which had the highest 

values of 3.70 and 3.78, respectively. Moreover, the orange fruits in the untreated 

control treatment had the lowest value (3.48). 

 
Means with the same letters are not different significantly by Duncan's multiple ranges test (p≤ 0.05). 

†Treatments: T1= AO + without packaging, T2= AO + Perforated plastic bag, T3= AO + Wrapping 

paper bag, T4= AO +15% AV, T5= 15% AV+ Without packaging, T6= 15% AV+ Perforated plastic 

bag, T7= 15% AV+ Wrapping paper bag, T8= AO+ 15% AV+ Perforated plastic bag, T9= AO+ 15% 

AV+ Wrapping paper bag and T10= Control. 

Figure (5): The effect of some treatments on the pH of Diyala cv. orange fruits stored 

at 6±1°C and 90% RH for 60 days.  

The Juice content is a significant indicator of internal quality. Eating quality is 

directly affected by the lack of juice in either under or overripe fruits. Furthermore, 

the data in Figure (6) shows that the highest juice content (%) recorded in the control, 

T6, and T4 treatments were (47.88, 46.72 and 46.35%), respectively, while the lowest 

mean value recorded in the T9 treatment was 39.13%. 

 
Means with the same letters are not different significantly by Duncan's multiple ranges test (p≤ 0.05). 

†Treatments: T1= AO + without packaging, T2= AO + Perforated plastic bag, T3= AO + Wrapping 

paper bag, T4= AO +15% AV, T5= 15% AV+ Without packaging, T6= 15% AV+ Perforated plastic 

bag, T7= 15% AV+ Wrapping paper bag, T8= AO+ 15% AV+ Perforated plastic bag, T9= AO+ 15% 

AV+ Wrapping paper bag and T10= Control. 

Figure (6): The effect of some treatments on the juice% of Diyala cv. orange fruits 

stored at 6±1°C and 90% RH for 60 days. 
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The TSS is another significant factor in determining the harvest date and taste 

of fresh or stored orange fruits. It influences quality and acceptance by consumers. 

Our results showed no significant variations in the TSS content amongst the orange 

fruit treatment combinations during storage, which ranged from 11.63 to 12.93%, as 

shown in Figure (7). 

 
Means with the same letters are not different significantly by Duncan's multiple ranges test (p≤ 0.05). 

†Treatments: T1= AO + without packaging, T2= AO + Perforated plastic bag, T3= AO + Wrapping 

paper bag, T4= AO +15% AV, T5= 15% AV+ Without packaging, T6= 15% AV+ Perforated plastic 

bag, T7= 15% AV+ Wrapping paper bag, T8= AO+ 15% AV+ Perforated plastic bag, T9= AO+ 15% 

AV+ Wrapping paper bag and T10= Control. 

Figure (7): The effect of some treatments on the TSS% of Diyala cv. orange fruits 

stored at 6±1°C and 90% RH for 60 days. 

Fruit taste is primarily influenced by organic acids, especially their 

relationship with soluble solids. TTA is an indicator of acidity, and the content of 

organic acids gradually decreases with maturity and ripening, as does the duration of 

storage. Results shown in Figure (8) indicate that the T4 and T9 treatments were 

(0.72% and 0.70%), respectively, maintained the acidity level of the orange fruits 

stored for 60 days compared to the control treatment was (0.56%), which indicates 

that organic acids decompose more during storage when the fruits stored without 

postharvest treatments. 

 
Means with the same letters are not different significantly by Duncan's multiple ranges test (p≤ 0.05). 
†Treatments: T1= AO + without packaging, T2= AO + Perforated plastic bag, T3= AO + Wrapping 

paper bag, T4= AO +15% AV, T5= 15% AV+ Without packaging, T6= 15% AV+ Perforated plastic 

bag, T7= 15% AV+ Wrapping paper bag, T8= AO+ 15% AV+ Perforated plastic bag, T9= AO+ 15% 

AV+ Wrapping paper bag and T10= Control. 

Figure (8): The effect of some treatments on the TTA% of Diyala cv. orange fruits 

stored at 6±1°C and 90% RH for 60 days. 
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Figure (9) shows that different treatments significantly influenced the total 

sugar content of fruits after 60 days of storage. There was a significant influence on 

the total sugar content of the orange fruits by all the treatments. The highest 

percentage of total sugar was recorded in T9 (6.11%), while the lowest percentage 

(4.10%) was obtained in T8. 

 
Means with the same letters are not different significantly by Duncan's multiple ranges test (p≤ 0.05). 
†Treatments: T1= AO + without packaging, T2= AO + Perforated plastic bag, T3= AO + Wrapping 

paper bag, T4= AO +15% AV, T5= 15% AV+ Without packaging, T6= 15% AV+ Perforated plastic 

bag, T7= 15% AV+ Wrapping paper bag, T8= AO+ 15% AV+ Perforated plastic bag, T9= AO+ 15% 

AV+ Wrapping paper bag and T10= Control. 

Figure (9): The effect of some treatments on the total sugar% of Diyala cv. orange 

fruits stored at 6±1°C and 90% RH for 60 days. 

Figure (10) shows the impact of aqueous ozone, Aloe vera, and packaging on 

the ascorbic acid content in orange fruits. The orange fruits treated with 15% AV+ 

without packaging (T5) had the highest ascorbic acid content (53.19 mg.100 ml-1) 

followed by T9 and T4, compared to the lowest value (33.12 mg.100 ml-1) in the 

control treatment. 

 
Means with the same letters are not different significantly by Duncan's multiple ranges test (p≤ 0.05). 

†Treatments: T1= AO + without packaging, T2= AO + Perforated plastic bag, T3= AO + Wrapping 

paper bag, T4= AO +15% AV, T5= 15% AV+ Without packaging, T6= 15% AV+ Perforated plastic 

bag, T7= 15% AV+ Wrapping paper bag, T8= AO+ 15% AV+ Perforated plastic bag, T9= AO+ 15% 

AV+ Wrapping paper bag and T10= Control. 

Figure (10): The effect of some treatments on ascorbic acid (mg 100 ml-1) in Diyala 

cv. orange fruits stored at 6±1°C and 90% RH for 60 days. 

4.84bc
4.17d 4.20cd

4.66cd
5.31b

4.49cd 4.24cd 4.10d

6.11a

4.47cd

0.0

1.5

3.0

4.5

6.0

7.5

1 2 3 4 5 6 7 8 9 C

%

Treatments

Total sugar (%)

34.22c
39.22bc

44.74abc47.63ab
53.19a

39.40bc
44.40abc

38.87bc
47.80ab

33.12c

0.0

15.0

30.0

45.0

60.0

1 2 3 4 5 6 7 8 9 C

m
g

. 
1

0
0
m

l 
-1

Treatments 

Ascorbic acid (mg. 100ml -1)



Mesopotamia Journal of Agriculture, Vol. 52, No. 3, 2024 (87-105) 

96 

The data presented in Figure (11) show that T9 provided the highest value of 

total carotenoids (0.147 mg.100 ml-1), while T5 and T2 provided the lowest values 

of 0.104 and 0.105 mg.100 ml-1, respectively; to examine the effect of aqueous 

ozone, Aloe vera, and packaging on total carotenoid content (mg.100 ml-1) in the 

orange fruits of Diyala cv. they were stored at 6±1°C for 60 days. 

 
Means with the same letters are not different significantly by Duncan's multiple ranges test (p≤ 0.05). 

†Treatments: T1= AO + without packaging, T2= AO + Perforated plastic bag, T3= AO + Wrapping paper bag, 

T4= AO +15% AV, T5= 15% AV+ Without packaging, T6= 15% AV+ Perforated plastic bag, T7= 15% AV+ 

Wrapping paper bag, T8= AO+ 15% AV+ Perforated plastic bag, T9= AO+ 15% AV+ Wrapping paper bag 

and T10= Control. 

Figure (11): The effect of some treatments on the total carotenoid content (mg 100 

ml-1) of the orange fruits of Diyala cv. stored at 6±1°C and 90% RH for 60 days. 

Consumer acceptance is influenced by colorimetric analysis, which is 

considered the most important aspect of quality. In the T9 treatment, the transmittance 

of the color at 610 nm was greatest, corresponding to an orange color figure (12), 

which indicates that a high carotene content was maintained. The quality was 

maintained with AO + 15% AV+ wrapping paper because carotene, a carotenoid 

found in orange, has strong antioxidant activity. 

 
†Treatments: T1= AO + without packaging, T2= AO + Perforated plastic bag, T3= AO + Wrapping paper bag, 

T4= AO +15% AV, T5= 15% AV+ Without packaging, T6= 15% AV+ Perforated plastic bag, T7= 15% AV+ 

Wrapping paper bag, T8= AO+ 15% AV+ Perforated plastic bag, T9= AO+ 15% AV+ Wrapping paper bag 

and T10= Control. 

Figure (12): Visible spectra showing the average transmittance (n = 3) in the orange 

fruits of Diyala cv. stored at 6±1°C and 90% RH for 60 days. 
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Water loss is the leading cause of deterioration because it results in direct 

quantitative losses (salable weight) and losses in appearance (wilting and shriveling), 

textural quality, and nutritional value. This is caused by water loss from the fruits 

directly and partially by respiration. Weight loss increases during storage and 

marketing, and these processes are considered economically and qualitatively 

significant (García-Martín et al., 2018). The FWL is linked to the physiological 

activity of long-term postharvest storage of orange fruits. Our findings showed that 

the WL rate was relatively high during storage at 6±1°C and that the exocarp was 

crucial for preventing water loss. Nutrients and water would be transported to the 

peel, while energy consumed by the peel could cope with external biotic and abiotic 

stresses to maintain fruit freshness (Ding et al., 2015). 

Additionally, the type of packaging reduces weight loss and respiration and 

increases humidity, creating a modified atmosphere around fruits with higher carbon 

dioxide and low oxygen content (Kader et al., 1989). Furthermore, Malik et al. (2004) 

showed that green lemon and grapefruit fruits packaged in high-density or low-

density polyethylene bags and stored at eight °C for three months considerably 

decreased weight loss. Moreover, the differences in weight loss seen during cold 

storage under ozone have been explained by the impact of ozone on citrus water 

permeability. According to Di Renzo et al. (2005), intermittent exposure to citrus 

with 0.25 ppm gaseous ozone decreased citrus aging and weight loss more than when 

citrus was only exposed to air. Weight loss is mainly due to the loss of water through 

sweat and the loss of stored carbohydrates through respiration (Nasrin et al., 2023). 

The loss rate depends on the fruits' water pressure and the atmosphere surrounding 

them; therefore, the AV gel coating acts as a barrier. In this way, water transfer is 

limited, so the decrease in moisture loss could be attributed to Aloe gel's ability to 

create a barrier that traps water between the fruit and its surroundings, possibly due 

to its hygroscopic properties. This way, external transfers are stopped, and respiratory 

gas exchange is controlled (Valverde et al., 2005).  

The epidermal layer, consisting of guard cells and stomata, typically regulates 

the loss of moisture and exchange of gases from fruits. The coating further reduces 

this disorder by creating a layer on the skin that acts as an extra barrier to prevent 

moisture loss. This barrier also decreases oxygen uptake (Morillon et al., 2002) and 

causes a decrease in respiration rate and weight loss from the surface of the fruit. The 

average weight loss for the coated oranges was 29.20±0.55%, compared to 

53.30±1.1% for the uncoated oranges. Similar results were obtained by Di Renzo et 

al. (2005); Ahmed et al. (2009); Castillo et al. (2010). 

The respiration rate significantly influences fruit shelf life. The resistance of 

fruit skin to gas diffusion has been observed to increase with the application of a 

surface coating, possibly as a result of blockage of effective fruit pores, which also 

reduces the respiration rate, improves postharvest fruit quality, and its internal 

environment (Pérez-Gago et al., 2002). According to several studies, a modified 

atmosphere packaging of internal gases is created by AV, which decreases the 

respiration rate and moisture loss in nectarines (Ahmed et al., 2009) and table grapes 

(Valverde et al., 2005); Similarly, a slower rate of respiration has been observed in 

delicious cherries coated with AV (Martínez-Romero et al., 2006). It has been 

demonstrated that edible coatings made of AV can slow the process of senescence 
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and respiration in fruits such as delicious nectarines, papaya, cherries and table grapes 

(Kumar and Bhatnagar, 2014).  

Consumer acceptance of fresh fruit relies critically on its firmness; the key 

determinants of fruit quality and postharvest shelf life are the rate and extent of 

firmness loss during storage. Fruit softening is mostly caused by the cell wall's middle 

lamella breaking down. The combined activity of hydrolase enzymes, including 

cellulose, pectate lyase, galactosidase, pectin esterase, and polygalacturonase, mainly 

influences changes in cell wall composition and structure (Misir et al., 2014). Castillo 

et al. (2010) reported that Aloe vera is a potentially effective preharvest technique for 

preserving grape quality during postharvest storage because ripening parameters such 

as color and fruit firmness are significantly delayed. According to previous reports 

(Brishti et al., 2013), when papaya and kiwifruit fruits are treated with a coating of 

A. vera, which is delayed by delayed softening. These results are consistent with those 

reported by Martínez-Romero et al. (2006), who reported that the loss of firmness in 

cherries during cold storage dramatically decreased (more than 50%) with increasing 

Aloe vera gel concentration. The increase in firmness could result from the peel 

surface drying out due to water loss through respiration and transpiration, as 

mentioned by Martin-Belloso and Soliva Fortuny (2006). 

The changes in pH were not significantly different among the treatments 

except for the control. The pH is maintained in the fruits treated with the coating than 

in the untreated fruits. The pH depends on the organic acid content and the respiration 

rate of fruits. A similar result was noted by Kaleem et al. (2023). TSS may arise due 

to the hydrolysis of starch into sugar; afterward, TSS may fall due to the conversion 

of sugars into organic acids and a decrease in the respiration rate (Javed et al., 2017). 

The increase in the total sugar percentage of fruits packaged with polyethylene can 

be explained by the fact that the respiration process consumes acids faster than sugars; 

thus, the rate of sugar increases (Benítez et al., 2013). The continuous moisture loss 

leads to an increase in fruit juice concentration, which increases sugar concentration. 

Additionally, the degradation of pectin and hemicellulose in cell walls causes 

an increase in the total sugar content (Wardeh, 2009). However, there were no 

significant changes in the TSS content during storage after fruit coating with AV or 

treatment with aqueous ozone, similar to what was observed for packaging. The 

results of this investigation are consistent with the findings of Botondi et al. (2021). 

The increase in the total sugar percentage of fruits can be explained as the breakdown 

of starch into sugar. The overall sugar content of the AV-coated fruits was 

considerably lower than that of the uncoated control fruits, suggesting a delay in 

ripening. The findings in this work were similar to the results obtained by Dhall  

(2013) and (Salah and Fadhil, 2019).  

Citrus fruits and juices are rich in bioactive compounds and exhibit antioxidant 

activity, such as ascorbic acid (vitamin C), an essential trait for nutritional value. 

Ascorbic acid has a significant role in fruit ripening, stress resistance, fruit 

development, and postharvest storage and can guide fruit quality improvement. The 

ascorbic acid concentration is a crucial component for both flavor and nutritional 

value and rapidly decreases with increasing storage time (Khalil, 2017); moreover, 

the ascorbic acid content reduces due to oxidative processes and the action of 

enzymes such as ascorbate oxidase or peroxidase. Our results align with those of 
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(Ahmed et al. 2009), who found that the ascorbic acid present in fruits coated with 

Aloe vera gel was significantly decreased during fruit ripening before and after cold 

storage compared to that in uncoated fruits. These results also agree with those 

obtained by Sogvar et al. (2016), who reported on A. vera gel coated on strawberries. 

Due to the low oxygen permeability of the coating, the deterioration of the ascorbic 

acid content decreased (Ayranci and Tunc, 2003). 

Additionally, Maringgal et al. (2021) reported that coating fruits with ascorbic 

acid protects them and decreases fruit respiration. Therefore, limiting oxygen 

diffusion with packaging will have a limited positive impact. The results of Khazaei 

et al. (2012) showed that packaging with good oxygen barrier properties affects 

vitamin C loss. The first impression and a crucial fruit aspect is color, which is also 

a bioactive component, such as carotenoids (Vadiveloo et al., 2019). 

Orange juice is a rich source of bioactive compounds and phytochemicals 

(carotenoids) that possess antioxidant properties. Carotenoids play a significant role 

in citrus fruit quality and affect the color of the peel and pulp; furthermore, these 

carotenoids are precursors of vitamin A, serve as human nutrients and reduce the risk 

of some diseases. Our results concerning Aloe vera gel application with packaging 

increased the carotenoid pigments. The results obtained in this study agree with the 

findings of Öztürk and Ağlar (2019). The green color of apple fruit skin is delayed 

by A. vera treatment (Ergun and Satici, 2012). The Aloe vera gel covering the fruits 

affected the atmosphere by slowing the ethylene production rate. This delayed the 

ripening process, the breakdown of chlorophyll, the synthesis of carotenoid pigments, 

and the eventual change in the color of the fruits (Carrillo-Lopez et al., 2000). 

 

CONCLUSIONS 

Orange fruits were coated with AV gel, treated with aqueous ozone packed in 

plastic bags, and kept under cold storage at six °C with 90% RH. The results obtained 

in the present study showed that applying a combined edible coating containing 15% 

Aloe vera and a Perforated plastic bag is more appropriate for extending storage life 

and maintaining the quality of the Diyala cultivar of orange fruits. These treatments 

delayed fruit ripening, decreased ethylene production, slowed respiration, decreased 

weight loss and fruit softening, and preserved ascorbic acid and other characteristics. 

Postharvest losses and deterioration of fruits and vegetables are a concern for all 

countries with economies that depend on agricultural products since our economy is 

partially based on horticulture commodities because fruits are suffering severe losses 

due to old preservation methods and a lack of knowledge about conservation tactics . 

In fact, using solution of Aloe vera gel and Perforated plastic bag as an alternative to 

chemical treatments after harvest due to the improved storage conditions of orange 

fruit. Pre-storage treatments also contribute to postharvest quality maintenance, with 

the added benefit of reducing costs and producing fruit more safely. 
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صديق عزيز صديق الكسنزاني

يومًا    ٦٠كان الغرض من هذه الدراسة هو تحديد جودة وقابلية تخزين ثمار البرتقال صنف ديالى بعد  
  ٤٪ رطوبة نسبية عند المعاملة بالأوزون المائي بتركيز٩٠ودرجة مئوية    ١±٦من التخزين عند درجة حرارة  

٪ جل الصبار وطريقة تعبئتها بثلاثة انواع: بدون تعبئة، أكياس بلاستيكية مثقبة وأكياس ورقية ١٥أو    ١-ملغم لتر 
للتغليف. نفذت التجربة وفق التصميم العشوائي الكامل بثلاث مكررات. تمت دراسة هذه العوامل: فقدان الوزن،  

، المواد الصلبة الذائبة الكلية، الحموضة  معدل التنفس، محتوى الرطوبة، الصلابة، الرقم الهيدروجيني، العصير 
الكلية القابلة للتسحيح، سكر/حامض، السكريات الكلية، حمض الأسكوربيك، والكاروتينات الكلية. أشارت النتائج  

٪(، وأقل  ١٧‚٧٪ صبار+ كيس بلاستيكي مثقوب )١٥تم تسجيله في معاملة    بالوزن  الفقد  نسبةإلى أن أقل  
- ملغم ثاني أكسيد الكربون كغم   ٩٨‚٨٪ جل صبار+ كيس بلاستيكي مثقوب )١٥يمعدل تنفس تم تسجيله ف

لنفس(  ١-ساعة١ التأثير  وكان  الرطوبة )  المعاملة  المعاملات  ٨٠‚٥٥الأكبر في محتوى  ٪(، كما أثرت جميع 
+ الأكياس البلاستيكية المثقبة متفوقة بشكل  ال. كانت معاملات الأوزون المائيمعنوياً في صلابة ثمار البرتق

كبير على معاملة التحكم في قيمة الرقم الهيدروجيني. ومن ناحية أخرى سجلت أعلى نسبة عصير من معاملة  
الصبار    ٪ جل١٥المقارنة. الحموضة الكلية القابلة للتسحيح تم الحصول عليها في معاملة الأوزون المائي +  

بئة لها تأثير كبير على محتوى حمض  ٪ من جل الصبار بدون تع١٥٪(. علاوة على ذلك، كان لنسبة  ٠‚٧٢)
٪ جل الصبار+ تغليف الثمار بأكياس ورقية لها تأثير  ١٥الأسكوربيك في البرتقال. وكان للأوزون المائي +  

 . الأكبر على السكريات الكلية ومحتويات الكاروتينويدات الكلية 
 . البرتقال، التغليف، الجودة والقابلية الخزنيةبات الصبار، الأوزون المائي، ثمار  ن  لكلمات المفتاحية:ا
 
 

REFERENCES 

Addinsoft, P. X. (2021). Data analysis and statistical solution for microsoft excel. 

Paris: Addinsoft SARL. Available at: https://www.xlstat.com  

Ahmed, M. J., Singh, Z. & Khan, A. S. (2009). Postharvest Aloe vera gel‐coating 

modulates fruit ripening and quality of ‘arctic snow’nectarine kept in ambient 

and cold storage. International journal of food science & technology, 44(5), 

1024-1033. https://doi.org/10.1111/j.1365-2621.2008.01873.x  

https://www.xlstat.com/
https://doi.org/10.1111/j.1365-2621.2008.01873.x


Mesopotamia Journal of Agriculture, Vol. 52, No. 3, 2024 (87-105) 

101 

Akusu O. M., Kiin-Kabari, D. B., & Ebere, C. O. (2016). Quality Characteristics of 

Orange/Pineapple Fruit Juice Blends.” American Journal of Food Science and 

Technology, 4, (2): 43-47. https://doi.org/10.12691/ajfst-4-2-3  

Aljabary, A. M. A. O., Ahmad, Z. M., & Fatih, A. A. (2021). Response Postharvest 

Quality of Diyala Orange to Two Rootstocks and Some Plant Extracts. Jordan 

Journal of Agricultural Sciences, 17(4), 411–424. 

https://doi.org/10.35516/jjas.v17i4.94  

Al-Mahmood, Y. S. F. (2022). Applications of nanotechnology in food processing 

and packaging. Mesopotamia Journal of Agriculture, 50(3), 27-36. 

https://doi.org/10.33899/MAGRJ.2022.134238.1178  

Al-Rawi, K. and Khalaf Allah, A. (1980). Design and analysis of agricultural 

experiments. University of Mosul, Mosul, Republic of Iraq. 

https://www.sciepub.com/reference/166123  

Ayranci, E., & Tunc, S. (2003). A method for the measurement of the oxygen 

permeability and the development of edible films to reduce the rate of 

oxidative reactions in fresh foods. Food chemistry, 80(3), 423-431.  

https://doi.org/10.1016/S0308-8146(02)00485-5  

Azene, M., Workneh, T. S., & Woldetsadik, K. (2014). Effect of packaging 

materials and storage environment on postharvest quality of papaya fruit. 

Journal of food science and technology, 51(6), 1041-1055. 

https://doi.org/10.1007/s13197-011-0607-6  

Benítez, S., Achaerandio, I., Sepulcre, F. & Pujolà, M., (2013). Aloe vera based 

edible coatings improve the quality of minimally processed ‘Hayward’ 

kiwifruit. Postharvest biology and technology, 81, 29-36. 

https://doi.org/10.1016/j.postharvbio.2013.02.009  

Botondi, R., Barone, M., Grasso, C. (2021). A review into the effectiveness of ozone 

technology for improving the safety and preserving the quality of fresh-cut 

fruits and vegetables. Foods 10(4), 748. 

https://doi.org/10.3390/foods10040748  

Brishti, F. H., Misir, J. & Sarker, A. (2013). Effect of biopreservatives on storage 

life of papaya (Carica papaya L.). International journal of food studies, 2(1), 

126-136.  https://doi.org/10.7455/ijfs/2.1.2013.a10  

Cao, S., Hu, Z., Pang, B. Wang, B. Xie, H. & Wu, F. (2010). Effect of ultrasound 

treatment on fruit decay and quality maintenance in strawberry after harvest. 

Food control, 21(4), 529-532. https://doi.org/10.1016/j.foodcont.2009.08.002  

Carrillo-Lopez, A., Ramirez-Bustamante, F., Valdez-Torres, J., Rojas-Villegas, R. 

& Yahia, E. (2000). Ripening and quality changes in mango fruit by coating 

with an edible film. Journal of food quality, 23(5), 479-486. 

https://doi.org/10.1111/j.1745-4557.2000.tb00573.x  

Carletti, L., R. Botondi, R. Moscetti, E. Stella, D. Monarca, M. Cecchini & R. 

Massantini. (2013). Use of ozone in sanitation and storage of fresh fruits and 

vegetables. Journal of Food, Agriculture & Environment, 11(3&4), 585-589.  

https://doi.org/10.1234/4.2013.4710  

Castillo, S., Navarro, D., Zapata, P., Guillén, F., Valero, D., Serrano, M. & 

Martínez-Romero, D. (2010). Antifungal efficacy of Aloe vera in-vitro and its 

use as A preharvest treatment to maintain postharvest table grape quality. 

https://doi.org/10.12691/ajfst-4-2-3
https://doi.org/10.35516/jjas.v17i4.94
https://doi.org/10.33899/MAGRJ.2022.134238.1178
https://www.sciepub.com/reference/166123
https://doi.org/10.1016/S0308-8146(02)00485-5
https://doi.org/10.1007/s13197-011-0607-6
https://doi.org/10.1016/j.postharvbio.2013.02.009
https://doi.org/10.3390/foods10040748
https://doi.org/10.7455/ijfs/2.1.2013.a10
https://doi.org/10.1016/j.foodcont.2009.08.002
https://doi.org/10.1111/j.1745-4557.2000.tb00573.x
https://doi.org/10.1234/4.2013.4710


Mesopotamia Journal of Agriculture, Vol. 52, No. 3, 2024 (87-105) 

102 

Postharvest biology and technology, 57(3), 183-188. 

https://doi.org/10.1016/j.postharvbio.2010.04.006  

Coelho, A. R., Pessoa, C. C., Marques, A. C., Luís, I. C., Daccak, D., Silva, M.M., 

Simões, M., Reboredo, F.H., Pessoa, M.F., Legoinha, P. & Galhano, C. (2020) 

Nutrient interactions in the natural fortification of tomato with Mg: An 

analytical perspective. In biology and life sciences forum, 4(1), 87. 

https://doi.org/10.3390/IECPS2020-08724  

Di Renzo, G. C., Altieri G., D’ Erchia, L., Lanza G., & Strano M. C. (2005). Effects 

of gaseous ozone exposure on cold stored orange fruit. Acta Horticulture, 682, 

1605–1610. https://doi.org/10.17660/ActaHortic.2005.682.214  

Ding, Y., Chang, J., Ma, Q., Chen, L., Liu, S., Jin, S., Han, J., Xu, R., Zhu, A. & 

Guo, J. (2015). Network analysis of postharvest senescence process in citrus 

fruits revealed by transcriptomic and metabolomic profiling. Plant 

physiology,168(1), 357-376. https://doi.org/10.1104/pp.114.255711  

Dhall, R. K. (2013). Advances in edible coatings for fresh fruits and vegetables: a 

review,” Critical reviews in food science and nutrition,53(5), 435-450. 

https://doi.org/10.1080/10408398.2010.541568  

Dladla, S.S. & Workneh, T.S. (2023). Evaluation of the effects of different 

packaging materials on the quality attributes of the tomato fruit. Applied 

Sciences,13(4), 2100. https://doi.org/10.3390/app13042100  

Ergun, M. & Satici, F. (2012). Use of Aloe vera gel as biopreservative for ‘Granny 

Smith’and ‘Red Chief’apples'. The journal of animal and plant sciences, 

22(2), 363-368. https://www.thejaps.org.pk/docs/v-22-2/21.pdf  

FAOSTAT. (2023). Citrus fruit statistical compendium 2020. Food and Agriculture 

Organizations (FAO). Available at: http://www.fao.org/faostat/en/data. and 

https://knoema.com/atlas/Iraq/topics/Agriculture/Crops-Production-Quantity-

tonnes/Citrus-fruit-production  

García-Martín, J. F., Olmo, M. & García, J. M., (2018). Effect of ozone treatment 

on postharvest disease and quality of different citrus varieties at laboratory and 

at industrial facility. Postharvest biology and technology, 137,77-85. 

https://doi.org/10.1016/j.postharvbio.2017.11.015  

González-Buesa, J. & Salvador, M. L. (2019). An arduino-based low cost device 

for the measurement of the respiration rates of fruits and vegetables. 

Computers and Electronics in Agriculture, 162,14-20. 

https://doi.org/10.1016/j.compag.2019.03.029  

Horvitz, S. & Cantalejo, M.J. (2014). Application of ozone for the postharvest 

treatment of fruits and vegetables. Critical Reviews in Food Science and 

Nutrition, 54(3), 312-339. https://doi.org/10.1080/10408398.2011.584353  

Inglese, P. & Sortino, G. (2019). Citrus history, taxonomy, breeding, and fruit 

quality. Oxford Research Encyclopedia of Environmental Science. 

https://doi.org/10.1093/acrefore/9780199389414.013.221  

Javed, M. S., Randhawa, M. A., Ahmad, Z., Sajid, M. W., Nasir, M. A. & Tariq, M. 

R. (2017). Effect of CaCl2 and controlled atmosphere storage on 

phytochemical attributes of guava.  Food Science and Technology, 38, 356-

362.  https://doi.org/10.1590/1678-457X.05517  

https://doi.org/10.1016/j.postharvbio.2010.04.006
https://doi.org/10.3390/IECPS2020-08724
https://doi.org/10.17660/ActaHortic.2005.682.214
https://doi.org/10.1104/pp.114.255711
https://doi.org/10.1080/10408398.2010.541568
https://doi.org/10.3390/app13042100
https://www.thejaps.org.pk/docs/v-22-2/21.pdf
https://knoema.com/atlas/Iraq/topics/Agriculture/Crops-Production-Quantity-tonnes/Citrus-fruit-production
https://knoema.com/atlas/Iraq/topics/Agriculture/Crops-Production-Quantity-tonnes/Citrus-fruit-production
https://doi.org/10.1016/j.postharvbio.2017.11.015
https://doi.org/10.1016/j.compag.2019.03.029
https://doi.org/10.1080/10408398.2011.584353
https://doi.org/10.1093/acrefore/9780199389414.013.221
https://doi.org/10.1590/1678-457X.05517


Mesopotamia Journal of Agriculture, Vol. 52, No. 3, 2024 (87-105) 

103 

Joslyn, M. (1970). Physical, Chemical, and Instrumental Methods of Analysis. 

Methods in Food Analysis (2nd ed). New York Academic Press. 

https://searchworks.stanford.edu/view/692155  

Kader, A.A., Zagory, D., & Kerbel, E.L. (1989). Modified atmosphere packaging 

of fruits and vegetables. Critical Reviews in Food Science and Nutrition. 

28(1):1-30. https://doi.org/10.1080/10408398909527490  

Kaleem, M. M., Iqbal, S., Hussain, Z., Ikhlaq, M., Khadija, F., Tanveer, M., Sarwar, 

G., Iqbal, J., Akhtar, N., & Altaf, F. (2023). Effect of cold storage conditions 

on fruit quality of different citrus cultivars of Sargodha division. Journal of 

Pure and Applied Agriculture, 8(3), 53-65. 

https://ojs.aiou.edu.pk/index.php/jpaa/article/view/1823  

Karaca, H. (2010). Use of ozone in the citrus industry. Ozone: Science & 

Engineering, 32(2), 122-129. https://doi.org/10.1080/01919510903520605  

Kasnazany, S. A. S., Mirza, A. N., Mahmood, A. M. R., Rahman, S. S. A., Hameed, 

J. S. & Nasrulla, K. B. (2023). A comparison of nine grape Vitis vinifera L. 

cultivars growing in Iraq’s kurdistan Region in terms of their vegetative 

growth and physicochemical traits. In IOP Conference Series: Earth and 

Environmental Science, 1213(1), 012044. https://doi.org/10.1088/1755-

1315/1213/1/012044  

Kassem, H. S., Tarabih, M. E., Ismail, H. & Eleryan, E. E. (2022). Effectiveness of 

ozonated water for preserving quality and extending storability of Star Ruby 

grapefruit. Processes, 10(2), 277. https://doi.org/10.3390/pr10020277  

Khalil, T. (2017). The effect of heat and microwave treatments on orange juice 

quality during storage. Mesopotamia Journal of Agriculture, 45(3), 299-312. 

https://doi.org/10.33899/magrj.2019.161323  

Khazaei, N., Jouki, M., & Jouki, A. (2012). Effects of extended storage on bitter 

orange quality factors. Research Journal of Applied Sciences, Engineering and 

Technology, 4(15), 2296-2299. https://maxwellsci.com/print/rjaset/v4-2296-

2299.pdf  

Kumar, S. & Bhatnagar, T. (2014). Studies to enhance the shelf life of fruits using 

Aloe vera based herbal coatings: A review. International Journal of 

Agriculture and Food Science Technology, 5(3), 211-218. 

https://ripublication.com/ijafst_spl/ijafstv5n3spl_14.pdf  

Maan, A. A., Nazir, A., Khan, M. K., Ahmad, T., Zia, R.; Murid, M. & Abrar, M. 

(2018). The therapeutic properties and applications of Aloe vera: A review. 

Journal of Herbal Medicine, 12, 1–10. 

https://doi.org/10.1016/j.hermed.2018.01.002  

Malik, A. U., Singh, Z., Saleem, B. A., & Khan, M. N. (2004). Postharvest handling 

of fresh citrus fruit: An overview. In Proceedings of International Conference 

on Citriculture (pp. 223-230). Pakistan: The Horticultural Foundation. 

https://www.geocities.ws/icc2004_proceedings/ICC2004/223-230.pdf  

Maringgal, B.; Hashim, N.; Mohamed Amin Tawakkal, I.S.; Mohamed, M.T.M.; 

Hamzah, M.H.; Mohd Ali, M. (2021). Effect of Kelulut Honey Nanoparticles 

Coating on the Changes of Respiration Rate, Ascorbic Acid, and Total 

Phenolic Content of Papaya (Carica papaya L.) during Cold Storage. Foods, 

10 (432):1-16. https://doi.org/10.3390/foods10020432  

https://searchworks.stanford.edu/view/692155
https://doi.org/10.1080/10408398909527490
https://ojs.aiou.edu.pk/index.php/jpaa/article/view/1823
https://doi.org/10.1080/01919510903520605
https://doi.org/10.1088/1755-1315/1213/1/012044
https://doi.org/10.1088/1755-1315/1213/1/012044
https://doi.org/10.3390/pr10020277
https://doi.org/10.33899/magrj.2019.161323
https://maxwellsci.com/print/rjaset/v4-2296-2299.pdf
https://maxwellsci.com/print/rjaset/v4-2296-2299.pdf
https://ripublication.com/ijafst_spl/ijafstv5n3spl_14.pdf
https://doi.org/10.1016/j.hermed.2018.01.002
https://www.geocities.ws/icc2004_proceedings/ICC2004/223-230.pdf
https://doi.org/10.3390/foods10020432


Mesopotamia Journal of Agriculture, Vol. 52, No. 3, 2024 (87-105) 

104 

Martínez-Romero, D., Alburquerque, N., Valverde, J., Guillén, F., Castillo, S., 

Valero, D. & Serrano, M. (2006). Postharvest sweet cherry quality and safety 

maintenance by Aloe vera treatment: A new edible cating. Postharvest Biology 

and Technology, 39(1), 93-100. 

https://doi.org/10.1016/j.postharvbio.2005.09.006 .  

Martín-Belloso, O. & Soliva–Fortuny, R. (2006). Effect of modified atmosphere 

packaging on the quality of fresh-cut fruits. Stewart Postharvest Review, 1, 

(8), 8. https://doi.org/10.2212/spr.2006.1.3  

Misir, J., Brishti, F. H. & Hoque, M. (2014). Aloe vera gel as a novel edible coating 

for fresh fruits: a review', American Journal of Food Science and Technology, 

2(3), 93-97. https://doi.org/10.12691/ajfst-2-3-3  

Morillon, V., Debeaufort, F., Blond, G., Capelle, M. & Voilley, A. (2002). Factors 

affecting the moisture permeability of lipid-based edible films: a review. 

Critical Reviews in Food Science and Nutrition, 42(1), 67-89. 

https://doi.org/10.1080/10408690290825466  

Nasrin, T.A.A.; Arfin, M.S.; Rahman, M.A.; Molla, M.M.; Sabuz, A.A. & Matin, 

M.A. (2023). Influence of Novel Coconut Oil and Beeswax Edible Coating 

and MAP on Postharvest Shelf Life and Quality Attributes of Lemon at Low 

Temperature. Measurement: Food, 10 (100084), 1-10. 

https://doi.org/10.1016/j.meafoo.2023.100084  

Omar, M. N., Samak, A. A. & Elsisi, S. F. (2022). Effect of the solar evaporative 

cooling and reducing the cover permeability on the production and quality of 

greenhouse cucumber. Misr Journal of Agricultural Engineering, 39(3), 425-

448. https://doi.org/10.21608/mjae.2022.133228.1071  

Ozen, T., Koyuncu, M. A. & Erbas, D. (2021). Effect of ozone treatments on the 

removal of pesticide residues and postharvest quality in green pepper. Journal 

of Food Science and Technology, 58(6),2186–2196. 

https://doi.org/10.1007/s13197-020-04729-3  

Öztürk, B. & Ağlar, E. (2019). The influence of modified atmosphere packaging on 

quality properties of kiwifruits during cold storage and shelf life. Journal of 

the Institute of Science and Technology, 9(2): 614-625. 

https://doi.org/10.21597/jist.452662  

Pérez-Gago, M. B., Rojas, C., del Río, M. A., Oosterhaven. J. & Peppelenbos, H.W. 

(2002). Effect of lipid type and amount of edible hydroxypropyl 

methylcellulose-lipid composite coatings used to protect postharvest quality 

of mandarins cv. Fortune. Journal of Food Scicence. 67, 2903–2910.  

https://doi.org/10.1111/j.1365-2621.2002.tb08836.x .  

Pimsorn, O., Kramchote, S., & Suwor, P. (2022). Effects of Aloe vera gel coating 

on quality and shelf life of lime (Citrus aurantifolia) fruit during ambient 

storage. The Horticulture Journal, 91(3), 416-423. 

https://doi.org/10.2503/hortj.UTD-359  

Ranganna S. (2011). Handbook of analysis and quality control for fruit and 

vegetable products, Tata McGraw-Hill Education, New Delhi, India. 

https://books.google.com/books  

Rehman, M. A., Asi, M. R., Hameed, A. & Bourquin, L. D. (2020). Effect of 

postharvest application of Aloe vera gel on shelf life, activities of antioxidative 

https://doi.org/10.1016/j.postharvbio.2005.09.006
https://doi.org/10.2212/spr.2006.1.3
https://doi.org/10.12691/ajfst-2-3-3
https://doi.org/10.1080/10408690290825466
https://doi.org/10.1016/j.meafoo.2023.100084
https://doi.org/10.21608/mjae.2022.133228.1071
https://doi.org/10.1007/s13197-020-04729-3
https://doi.org/10.21597/jist.452662
https://doi.org/10.1111/j.1365-2621.2002.tb08836.x
https://doi.org/10.2503/hortj.UTD-359
https://books.google.com/books


Mesopotamia Journal of Agriculture, Vol. 52, No. 3, 2024 (87-105) 

105 

enzymes, and quality of ‘Gola’guava fruit. Foods, 9(10), 1361. 

https://doi.org/10.3390/foods9101361  

Rocha-Pimienta J., Llera-Oyola, J. Bote, M. E., Ayuso-Yuste, M. C., Bernalte, M. 

J., Velardo, B. & Delgado-Adamez, J. (2020) Influence of storage period and 

shelf-life on the incidence of chilling injury and microbial load in “Angeleno” 

and “Larry Ann” plums. Emirates Journal of Food and Agriculture. 32(5), 

376-383. https://doi.org/10.9755/ejfa.2020.v32.i5.2108  

Salah, N., & Fadhil, N. N. (2019). Response of stored local orange fruits to dipping 

in sodium bicarbonate, sugar solution, fungicide and waxing. Mesopotamia 

Journal of Agriculture, 45(1), 137-148. 

https://doi.org/10.33899/MAGRJ.2019.161273  

Sogvar, O. B., Saba, M. K. & Emamifar, A. (2016). Aloe vera and ascorbic acid 

coatings maintain postharvest quality and feduce microbial load of strawberry 

fruit. Postharvest biology and technology, 114, 29-35 

https://doi.org/10.1016/j.postharvbio.2015.11.019  

Sultana, B., Anwar, F., Ashraf, M. & Saari, N. (2012). Effect of drying techniques 

on the total phenolic content and antioxidant activity of selected fruits. Journal 

of Medicinal Plants Research, 6(1), 161-167. 

http://dx.doi.org/10.5897/JMPR11.916  

Tareen, M. J., Abbasi, N. A. & Hafiz, I. A. (2012). Effect of salicylic acid treatments 

on storage life of peach fruits cv. ‘Flordaking'. Pakistan Journal of Botany, 

44(1), 119-124. https://www.pakbs.org/pjbot/PDFs/44(1)/16.pdf  

Vadiveloo, M., Principato, L., Morwitz, V.& Mattei, J. (2019). Sensory variety in 

shape and color influences fruit and vegetable intake, liking, and purchase 

intentions in some subsets of adults: A randomized pilot experiment. Food 

Quality and Preference, 71, 301-310. 

https://doi.org/10.1016/j.foodqual.2018.08.002  

Valverde, J. M., Valero, D., Martínez-Romero, D., Guillén, F., Castillo, S. & 

Serrano, M. (2005). Novel edible coating based on Aloe vera gel to maintain 

table grape quality and safety. Journal of Agricultural and Food Chemistry, 

53(20), 7807-7813. https://doi.org/10.1021/jf050962v  

Wardeh, T. (2009). Effect of treatment with 10-20 C° for different period before 

cold storage on physiology disorders of honey crisp apples. Mesopotamia 

Journal of Agriculture, 37(2), 97-104. 

https://doi.org/10.33899/magrj.2009.27409  

https://doi.org/10.3390/foods9101361
https://doi.org/10.9755/ejfa.2020.v32.i5.2108
https://doi.org/10.33899/MAGRJ.2019.161273
https://doi.org/10.1016/j.postharvbio.2015.11.019
http://dx.doi.org/10.5897/JMPR11.916
https://www.pakbs.org/pjbot/PDFs/44(1)/16.pdf
https://doi.org/10.1016/j.foodqual.2018.08.002
https://doi.org/10.1021/jf050962v
https://doi.org/10.33899/magrj.2009.27409

