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Abstract 
Murcott "mandarins are a promising export variety due to their appealing appearance and quality. However, improper postharvest handling 
and storage led to 30-50% loss of the crop. This study investigated the use of biodegradable edible coatings to improve the quality and storage 

life of Murcott mandarins. Edible coatings; prepared from banana peel extracts (BPE) 10% and 20%, chitosan nanoparticles (CHNPs) 2% and 

3%, and salicylic acid nanoparticles (SANPs) 0.25% and 0.5%; were applied on the fruit for 5 minutes. Coatings were applied individually or 
in combination, and the fruits were stored for 100 days at 5±1°C and 90±1% relative humidity. Shelf-life evaluation was also conducted for 6 

days at room temperature. Fruit decay, weight loss, total loss, color, firmness, total soluble solids (TSS), total acidity, ascorbic acid content, 

respiration rate, and sensory quality were assessed every 20 days. BPE, CHNPs, and SANPs had positive effects on the physiochemical 
characteristics, storage capacity, and overall quality of Murcott mandarins. Dipping fruits in a solution of BPE (20%), CHNPs (3%), and 

SANPs (0.5%) for 5 minutes reduced decay, weight loss, and total loss. It also helped maintain fruit firmness, color, acidity, and ascorbic acid 

content while minimizing respiration rate throughout storage and higher levels of SOD, POD, and PPO activities. Sensory quality was also 
maintained. In conclusion, the combined use of BPE (20%), CHNPs (3%), and SANPs (0.5%) for 5 minutes significantly enhanced the fruit 

quality and storage potential of Murcott mandarins under cold storage conditions. 
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1. Introduction 

The Citrus fruits, such as mandarins, are known for their 

abundant antioxidant compounds, such as flavonoids, 

hydroxycinnamic acid, and vitamin C. These compounds 

contribute to their strong antioxidant activity[1]. In Egypt, 

the Murcott variety is widely cultivated, but it faces 

challenges in terms of losses during and after harvest, 

which ultimately reduce its postharvest lifespan[2]. 

Compared to other citrus fruits, mandarin varieties [3], in 

particular, tend to lose their quality at a faster rate 

between harvest and consumption due to their higher 

water content and nutrient composition[4]. Postharvest 

losses can be significant, ranging from 30 to 50% of the 

overall crop, mainly attributed to fruit metabolic disorders 

and fungal diseases[1]. To counter these issues, citrus 

fruits often undergo various treatments during export 

preparation, such as disinfection, immersion in chemical 

fungicide solutions, and waxing with fungicide-infused 

wax. These measures aim to reduce microbial load and 

protect the fruit from infections, thus minimizing losses. 

However, with the increasing demand for safer and 

healthier food, the food industry has been actively 

researching alternative methods to preserve fruits and 

vegetables without relying heavily on chemical 

fungicides[5,6]. 

Agricultural waste, including banana peels, is typically 

disposed of in landfills or used as agricultural fertilizer. 

The amount of waste generated during banana preparation 

is considerable, with the peel alone accounting for 35-

40% of the fresh fruit's weight [7,8]. The peel of bananas, 

an often overlooked byproduct, contains insoluble 

nutritional fibers such as pectin, lignin, cellulose, and 

hemicellulose[9]. From a green chemistry perspective, the 

composition of banana peels offers various possibilities 

for creating sustainable technologies that reduce the 

environmental impact caused by discarded agro-food 

waste and associated costs. These include the 

development of food coating films, cellulose nanofibers, 

pectin products, ethanol, and phenolic compounds[10–

12].  

The potential of using banana peel as a promising 

material for edible coatings has been demonstrated in 

postharvest applications, particularly on "Prata" bananas. 

It has been found that treating the bananas with an 80% 

ethanol BPE resulted in the best retention of color, flavor, 

and texture[13]. Additionally, [14] discovered that 

coating apples with BPE improved fruit quality after 

harvest[15].  

Chitosan (CH), one of the most abundant natural 

polymers, can be derived from algae, fungi cell walls, 
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crustaceans' exoskeletons, and insect cuticles[16]. It is 

considered an excellent and safe edible coating for 

various fruit varieties[17]. CH and CHNPs have shown 

success in reducing postharvest deterioration and 

extending the storage period for mandarins, "Valencia " 

orange [18,19], apricots[20], and guavas[21]. 

Salicylic acid (SA), a naturally occurring plant growth 

regulator, inhibits ethylene synthesis and delays fruit 

senescence. It is also a safe method for controlling decay 

and preserving fruit quality after harvest[22,23]. The use 

of SA has been shown to enhance storability by reducing 

respiration rate, delaying color change and softening, 

preserving sugars, acids, and aroma, preventing chilling 

injury, stimulating pathogen resistance, and activating the 

antioxidant system[24]. It effectively extends the storage 

period of "Murcott " mandarins while maintaining 

acceptable quality and slowing down postharvest 

deterioration[25]. SA at various concentrations has 

significant effects in reducing fungal invasion compared 

with control during cold storage of "Kinnow" 

mandarins[26]. Using 0.3% SA on "Jinshayou " pummelo 

fruit can be a safe preservation method that maintains 

fruit quality, delays senescence, and extends the storage 

period for up to 90 days under room conditions[27]. The 

aim of this study is to utilize BPE as a safe edible coating 

a lone or incorporated with CHNPs and SANPs to 

preserve the quality of "Murcott " fruits and extend their 

storage period at 5ºC. This approach not only adds value 

to banana waste by using it in sustainable technologies 

but also reduces the reliance on synthetic fungicides for 

fruit preservation . 

2. Materials and Methods  

During the 2022 season, this study was conducted on 

"Murcott " tangerines (Citrus reticulata L) fruits taken 

from trees grown in a private orchard located in the El-

Bostan region (30°46'10.0"N 30°19'12.9"E), El-Behera 

Governorate, Egypt. The tangerine trees were nine years 

old and budded on sour orang (Citrus aurantium L.) 

rootstock. The orchard was situated in sandy soil and 

utilized a drip irrigation system. The "Murcott " tangerine 

fruits were hand-harvested during the first week of 

March, when the hue angle was measured at 61.42 and 

the TSS/TA ratio was 13.56%)[28]. The fruits were 

carefully picked in the early morning from all sides of the 

trees, ensuring they were free from any physiological or 

pathological disorders. After harvesting, the fruits were 

washed using running tap water and then dipped in a 

solution of 1% (w/v) boric acid and Tween-20 for 

duration of 5 minutes. Finally, the tangerines were left to 

air-dry. Thus, the postharvest experiment had 9 

treatments, as presented in table 1.  

 

2.1.Preparation methods 

The preparation of banana peel extract (BPE)    

The preparation of BPE was carried out in accordance 

with the method outlined by [29]. Initially, the banana 

peel was dried in an oven at a temperature of 70˚C for a 

period of 3 days. Once dried, the peel was crushed into a 

powder form and blended thoroughly. Subsequently, 1000 

mL of distilled water was mixed with 100 g (T2) and 

200g (T3) the banana peel powder. The flask containing 

the mixture was then placed in a shaker machine 

(Heating, Model No KI-215), set at a temperature of 40 

˚C, and left to shake for duration of 48 hours. Following 

this, the mixture was filtered using Whatman filter paper 

No. 4. 

 

2.1.1.Preparation of chitosan nanoparticles (CHNPs) 

To prepare CHNPs, CH was dispersed in 1 % aqueous 

acetic acid. The pH was then adjusted to 5.5 using NaOH. 

Sodium tripolyphosphate solution (1 %) was added to the 

CH solution. The resultant suspension was kept at room 

temperature stirred for 40 minutes[20]. Examination of 

nanoparticle formation using transmission electron 

microscopy (TEM) was carried out. 

 

2.1.2.Preparation of SA Nanoparticles  

SA was purchased from Sigma-Adrich, and 10 mg of SA 

were dissolved in 10 mL 100% ethanol and solicited for 

an hour at ambient temperature (25 ◦C) using an 

ultrasonic power and frequency of 50 kHz 

(XUBA3Analogue Ul-ta-sonic Bath, Grant Company, 

Saint Joseph, MO, USA) 

To prepare the coating solutions, Tween-20 (0.1%) was 

added to each solution as a surfactant. The fruits were 

then dipped in these solutions for a period of 5 minutes. 

Both treated and untreated fruits were allowed to air dry 

for 2 hours to ensure surface dryness. Each treatment 

consisted of 9 boxes of fruit, with 3 boxes allocated to 

each replicate. All boxes contained the same number of 

fruits (25 fruits per box). The boxes were stored at a 

temperature of (5±1°C) and a relative humidity of 

(90±1)%. Throughout the storage period, fruit quality 

parameters were assessed at intervals of 20 days. 

 

Table 1. Postharvest treatments combinations of BPE, 

CHNPs, and SANPs   

 

Postharvest 

treatments 

Description 

T1 Dipping in water (control) 

T2 Dipping in BPE 10 % for 5 minutes 

T3 Dipping in BPE 20 % for 5 minutes 

T4 Dipping in CHNPs 2 % for 5 minutes 

T5 Dipping in CHNPs 3% for 5 minutes 

T6 Dipping in SANPs 0.25% for 5 minutes 

T7 Dipping in SANPs 0. 5% for 5 minutes 

T8 Dipping in BPE 10 %+ CHNPs 2 %+ 

SANPs 0.25% for 5 minutes. 

T9 Dipping in BPE 20 %+ CHNPs 3 %+ 

SANPs 0. 5% for 5 minutes 

2.2. Fruit quality assessments: 

Physical characteristics: 

Fruits decay % as the following equation:  

Fruits decay % = {(A / B) × 100}  

Where: A = Number of decayed fruits at time of 

sampling. B = Number of the initial fruits. 

weight loss % as the following equation:  

Weight loss % = [(A – B) / A] × 100. 

Where: A = The initial weight.  B = Weight at inspect 

date according to Elnagar et al [18]. 

Total loss = (weight loss) + fruits affected by green rot 

and brown rot. Rind color was determined by using a 

Minolta colorimeter type (CR-400/410) for the estimation 

of a, b and hue angle (ho)., 

Fruit  firmness (kg/ cm2) by using a digital pressure tester 

(pentromete), and juice weight % according to Elnagar et 

al. [18]   
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2.3. Chemical characteristics: 

2.3.1. Total soluble solid (TSS)   

TSS was determined in 10 ml, of filtered fruit juice by 

refractometer (Atago Co., Tokyo, Japan) as described by 

A.O.A.C. [30]. 

2.3.2. Titratable acidity (TA)   

Fruit juice acidity for was estimated titrimetricaly by 

mixing the juice sample with 100 ml distilled water. The 

results were calculated as gm. per 100 ml of juice,  [31]. 

Titratable acidity was measured as citric acid equivalent 

to g/100 ml, juice. 

2.3.2. Ascorbic acid (vitamin C): The amounts of 

Ascorbic acid in juice samples were determine by the use 

of 2,6-dichlorophenol indophenol dye and 0.2% oxalic 

acid as a substrate and 5 ml. of filtered aliquot. It was 

calculated as mg/ 100 ml. of juice [32].  

2.3.3. Respiration rate: Four fruits from each replicate 

wеrе weighed, labeled, and assigned for respiration rate 

mеasurеmеnt using a closеd-systеm approach. Each fruit 

was placеd in an airtight glass flask of known volume. 

After packaging, thе flask was tightly sealed and 

maintained at 5°C and 95% rеlativе humidity (RH) for 

two hours. Both oxygen (O2) and carbon dioxide (CO2) 

concentrations inside thе jar wеrе monitored using a 

Sеrvomеx 1450C Food Packagе Analyzеr (Crowborough, 

Sussеx, UK). The respiration ratе was calculatеd and 

expressed as ml CO2/kg/h following the method described 

by [18] . 

2.3.4. Enzyme activity 

 Superoxide Dismutase Activity (SOD): SOD activity was 

measured following a modified protocol from [33]. A 0.3 

g samplе of powdered material was suspended in 3 mL of 

child 0.05 mol/L phosphate buffer (pH 7.8). The sample 

mixture was centrifuged at 4°C and 12,000 rpm for 10 

minutes, and the supernatant was collected as the enzyme 

solution (performed on icе). A reaction mixture was 

prepared by combining 2.95 mL of 130 mmol/L Mеt, 750 

µmol/L NBT, 100 µmol/L EDTA-Na2, 20 µmol/L 

riboflavin, and 0.05 mol/L pH 7.8 PBS in a test tubе. 

Then, 50 µL of the enzyme solution was added to thе 

reaction mixture. For thе control group, 50 µL of PBS 

was substituted for the enzyme solution. Thе mixture was 

thoroughly shaken to ensure proper mixing. One tube was 

kept in darkness, while thе other tubes were exposed to 

4000 Lx light for 20 minutes. Onе unit of SOD is defined 

as thе amount of enzyme that reduces the rate of nitro 

blue tеtrazolium reduction by 50%. 

POD activity was measured by the method of [34] the 

absorbance was recorded at 420 nm. 

The determination of PPO activity was done according to 

[35] at 420 nm at 25°C. 

 

Malondialdehyde (MDA) determination  

A marker of fatty acid breakdown, thiobarbituric acid 

reacting substances (TBARS), was quantified in a 

precisely weighed 2.5 g of Murcott tangerine sample 

according to [36]. To establish a standard curve, solutions 

of a precursor compound (Sigma) were prepared with 

concentrations ranging from 0 to 2 mM (malondialdehyde 

equivalents), corresponding to 0 to 1 mM MDA. During 

the acidification and heating stage, the precursor 

compound was completely converted to MDA. 

 

2.3.5. Total Phenolic content:  

To extract phenolic compounds from mandarin, 10 g of 

fruits wеrе homogenized with 60 mL of a solvent solution 

comprising 80% aqueous ethanol and 1% concentrated 

HCl. Following thе method described by [37], the mixture 

was subjected to magnetic stirring for one hour under 

darkness at room tеmpеraturе (25°C) and subsequently 

filtered. This process was rеpеatеd twice to ensure 

complete extraction. Excеss ethanol was removed by 

hеating thе mixture at 37°C under vacuum in a rotary 

evaporator. Thе resulting aqueous extracts, rеfеrrеd to as 

crud extracts, were combined to obtain a final volume of 

known quantity. The TPC of the crude extract was 

determined spectrophotometrically at 760 nm using a 

UV-2401PC spectrophotometer (Shimadzu Sciеntific 

Instrumеnts, Columbia, MD, USA). The Folin-Ciocaltеu 

colorimetric method was еmployеd to measure thе TPC 

of mandarin fruits, following thе procedure outlined by 

[38]. Thе TPC was еxprеssеd in mg/g using gallic acid as 

a standard. 

 

2.4. Evaluation of sensory quality: 

      The Murcott tangerine fruit was subjected to sensory 

evaluation on the 3rd day after the storage period ended. 

To determine if there were any noticeable distinctions in 

terms of superficial and interior quality (such as 

appearance, firmness, ease of peeling, smell, and taste) 

between the treated Murcott tangerine and control fruits, 

the triangle discrimination test  [39] was employed. A 

scale ranging from 1 to 10 was used for assessment. 

Statistical analysis 

 The study was conducted using a factorial completely 

randomized design with three replications. The means of 

the treatments were compared using the least significant 

difference test (L.S.D.) at a significance level of 5%. All 

data were analyzed statistically following the methods 

described by [40] . 

 

Results and Discussion  
3.1. Physical characteristics of fruit 
3.1.1. Decay percentage 

The graph in Figure 1A shows how the percentage of 

decay in Murcott fruits increases over time during storage 

at 5°C for all treatments. It's important to note that all 

treatments significantly reduced decay compared to 

untreated fruits. Specifically, treatments T9 and T8 had 

the lowest decay percentages, while treatments T1 and T6 

had the highest decay percentages throughout the storage 

period. The interaction between the postharvest 

treatments and storage periods had a notable impact on 

the decay of mandarin fruits. T9 and T8 consistently 

showed the lowest decay values compared to the control 

at various sampling times (20, 40, 60, 80, and 100 days. 

The decay of fruit during storage is mainly caused by 

weight loss, which leads to shriveling and deterioration. 

Coating treatments are known for their ability to reduce 

weight loss and effectively decrease the decay % of 

cactus pear fruits[41]. Dipping Murcott fruits in SA and 

CH 1% has been proven effective in reducing decay and 

controlling green mold in citrus [6,42]. Additionally, [29] 

found that spraying BPE on ripe banana fruits can extend 

their shelf life by approximately 2-3 days and reduce 

decay. Similarly, [4] pointed that citrus fruits are prone to 

rot and mycotoxin production, making them unsuitable 

for consumption. This susceptibility to pathogenic fungi 

attack is due to the high moisture, low pH, and nutrient-

rich juice in citrus fruits. 
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3.1.2. Weight loss percentage 

In Figure (1B), effect of different postharvest treatments 

on the weight loss percentage of Murcott fruits during 

cold storage at 5±1 °C is shown. As the storage period 

increased and different dipping treatments were applied, 

the weight loss percentage also increased. However, the 

fruits treated with T9 and T8 had significantly lower 

weight loss percentages compared to the other treatments. 

In fact, T9 exhibited the lowest weight loss percentage 

among all treatments, considering the interaction effect 

during different storage periods. Notably, the Control 

(T1), T6, and T4 treatments resulted in significantly 

higher weight loss percentages of the fruits. These 

findings support the observations made by [43], who 

found that uncoated lemons experienced maximum 

weight loss, while coated lemons maintained their weight 

well during storage. Additionally, [29]discovered that 

spraying ripe banana fruits with BPE reduced the weight 

loss percentage. Using SA and CH as postharvest 

treatments on Murcott fruits proved effective in reducing 

the weight loss (%) compared to untreated fruits[6,44]. 

This limiting in weight loss can be attributed to the 

coating acting as a semi-porous barrier that limit the 

motion of O2, CO2, moisture, and solutes. As a result, 

respiration rate, water loss, and oxidation reaction are 

decreased[45]. 

 

3.1.3. Total loss (%) 

According to the data presented in Figure (1C), it is 

evident that the total loss percentage of Murcott 

Tangerine mandarin fruits generally increased with the 

progression of the storage period for all treatments. The 

main factors contributing to the deterioration of the fruits 

were increasing (weight loss), as well as green mold and 

brown rot. However, all coating treatments showed a 

significant reduction in the total loss percentage of 

Murcott fruits. Specifically, treatments T9 and T8 

recorded the lowest total loss percentages compared to 

treatments T1 and T6 at different sampling times ranging 

from 10 to 100 days. These findings are consistent with 

the research conducted by[41,46], who reported an 

increase in decay percentage in Egyptian Banzahir lime 

and “Murcott” fruits during storage due to weight loss, 

resulting in shriveling and deterioration. The use of BPE 

(presumably BPE) and CHNPs exhibited similar effects 

to commercial wax, reducing the weight loss of the fruits. 

This reduction in weight loss can be attributed to the 

coatings acting as porous barriers opposed to O2, Co2, and 

moisture, thereby decreasing respiration, water loss, and 

oxidation reaction rates [47]. 

3.1.4. Rind color: 

The findings from figure (1D) demonstrate that fruit color 

(h°) was affected by the dipping treatments and extended 

storage at 5±1 °C. As the storage period progressed at 5 

°C, the h° values of the fruits generally decreased 

significantly, reaching their lowest point after 100 days of 

storage. However, all treatments were successful in 

reducing the decline of h° values in Murcott fruits. 

Treatments T9 and T8 had significantly higher h° values 

compared to the control or other treatments. This suggests 

a relationship between the postharvest treatments and 

storage periods. On the other hand, treatments T1 and T6 

showed a significant increase in the lowest Hue angle 

during storage. These results are consistent with previous 

research on lime fruits, Orange, mandarin and 'Star Ruby' 

fruits Elnagar et al [18]. Additionally, it has been reported 

that BPE can effectively maintain color, flavor, and 

firmness during longer storage of bananas. The 

application of different edible coatings also helps slow 

down the change in Hue angle during storage compared 

to uncoated fruits. The lower in h° value is attributed to 

the ripening process, which involves a decrease in 

phenolic compounds content and the inhibition of enzyme 

activity responsible for carotene content. 
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3.1.5. Fruit firmness (kg/cm2) 

Figure (2A) demonstrates that the firmness of Murcott 

fruits was influenced by different coating treatments and 

periods of cold storage at 5±1 °C. The data clearly show 

that as the storage period advanced, the fruit firmness 

exhibited a significant linear decline for all fruits stored at 

5±1 °C. All treatments significantly increased the 

firmness of Murcott fruits, with treatments T9 and T8 

resulting in the highest firmness values compared to other 

treatments, respectively. The interaction between storage 

periods and treatments revealed that dipping the mandarin 

fruits in T9 and T8 led to the highest firmness values at 

different sampling times during storage. Conversely, the 

lowest firmness was observed in T1, T6, T4, and T2 

among all treatments. Similar findings were reported by 

[18], who found that CH coating significantly increased 

the firmness of Murcott mandarins after 90 days of cold 

storage at 5 °C. Additionally, [25] showed that dipping 

Murcott mandarin fruits in SA at 400 ppm effectively 

maintained fruit firmness compared to the control. [29] 

also demonstrated the significant effect of BPE on 

preserving acceptable color, flavor, and firmness during 

longer storage of bananas. The decrease in fruit firmness 

of Murcott mandarins can be attributed to excessive water 

loss, which leads to increased ethylene biosynthesis and a 

decrease in polygalacturonase activity during storage. 

Furthermore, the degradation of insoluble protopectin to 

more soluble pectic acid and pectin contributes to the 

decrease in firmness observed in many fruits[48,49]. The 

decline in firmness occurs as the pulp separates from the 

peel during the maturation process, particularly in 

mandarins[50]. 

3.1.6. Juice percentage: 

As the concentrations of SA, CHNPs, and BPE increased, 

the rate of decrease in juice content for coated samples 

was lower. Specifically, treatments T9 and T8 exhibited a 

minor drop in juice content compared to all other 

treatments at the end of the storage period (Fig. 2B). On 

the other hand, treatments T1 and T6 showed a higher 

rate of juice decrease. These findings align with the 

results reported by [51] in their study on "Navel" orange 

fruits, where they found that the juice content of the fruits 

decreased with an increase in the storage period. CH 

coating significantly prevented the decrease in juice 

content of Murcott mandarins after 90 days of cold 

storage at 5 °C, as reported by [18]. Additionally, coating 

with oils and waxes has been found to be effective in 

preventing weight loss and juice loss, inhibiting 

microorganisms, slowing down aerobic respiration rate, 

and improving the appearance of fruits by providing 

gloss, according to studies by [52][37]. There is a 

relationship between weight loss percentage and juice 

percentage, where an increase in weight loss indicates a 

decrease in juice content during storage, as noted by [53]. 

3.2. Chemical characteristics of fruit  

3.2.1. TSS percentage 

TSS content serves as a crucial parameter for assessing 

the quality of mandarins and oranges. Fig. (2C) presents 

the impact of various dipping treatments on the TSS 

percentage of Murcott fruits during cold storage. Over the 

storage period, there were minor increments in the TSS 

percentage, reaching its peak after 100 days at 5±1 °C. 

All treatments effectively mitigated the rise in TSS 

percentage of Murcott tangerine fruits, with treatments 

T1, T6, T4, and T2 exhibiting the highest TSS values, 

respectively. It is important to note that non-climacteric 

fruits like mandarins undergo minimal changes in TSS, 

vitamin C, or acidity post-harvest, as mentioned by [54]. 

These findings are consistent with the results reported by 

[18] (2021), who observed slight increases in TSS during 

the 100-day storage of "Murcott " tangerine fruits in cold 

storage. Moreover, studies conducted by [27] on 

pummelo fruit treated with 0.3% SA demonstrated its 

significant ability to prevent changes in TSS content 

during storage periods. Similarly, [29] reported that 

bananas treated with BPE exhibited slower rates of TSS 

increase compared to the control. Conversely, treatments 

T9, T8, T3, and T5 recorded the lowest TSS values, 

respectively, in comparison to the control. Furthermore, 

these treatments demonstrated the lowest TSS content of 

Murcott tangerine fruits in relation to the interaction 

effect during different storage periods. The slight increase 

in TSS content during storage can be attributed to the 

breakdown of cell walls containing polysaccharides, 

particularly pectin and cellulose, due to the activity of cell 

wall degrading enzymes. This phenomenon has been 

previously reported by [43]. 

 

3.2.2. Total acidity percentage 

Mandarins are known to contain significant amounts of 

organic acids, with citric acid being the main constituent 

of the juice. Figure (2D) displays the effect of different 

coating treatments on the total acidity percentage of 

"Murcott " tangerine fruits during cold storage at 5±1 °C. 

During storage at low temperatures of 5°C, the total 

acidity percentage of the fruits significantly decreased for 

all the different fruit treatments. The fruit coated with T9, 

T8, T2, and T3 showed the highest values of total acidity 

percentage after 100 days of storage. Conversely, the 

lowest values were recorded for T1 and T6 treatments 

during the storage period. When considering the 

interaction effect between the postharvest treatments and 

storage periods at 5±1 °C, it was observed that the highest 

total acidity percentage of "Murcott " tangerine fruits at 

different sampling times (20, 40, 60, 80, and up to 100 

days) was associated with coating the mandarin fruits 

with T9 and T8 compared to the control. These findings 

are consistent with the results reported by [41] on 

Egyptian Banzahir lime, [55] on "Kinnow " mandarin, 

[56] on "Tango " mandarin, [57] on "Ortanique " mandarin, 

[27] on Pummelo fruit, and “[58] on "Kinnow " mandarin. 

These studies have shown that fruit acidity continuously 

decreases with increasing cold storage period at 5±2°C 

with 85-90% relative humidity for all treatments. 

However, the decrease in acidity was slightly less 

pronounced when the fruits were coated with substances 

such as Arabic gum, wax 10% K2SiO3, SA and CH 

compared to the control. The decreasing trend in fruit 

acidity with increasing storage period can be attributed to 

the oxidation of organic acids and their utilization in 

metabolic processes, as suggested by [59]. 

3.2.3. Ascorbic acid (mg/ 100 ml juice): 

In Figure (3A), it is evident that the different treatments 

had an impact on the ascorbic acid content of Murcott 

tangerine fruits during cold storage at 5±1 °C. The overall 

trend showed a significant decrease in ascorbic acid 

values as the storage period progressed for all treatments, 

reaching the lowest values after 100 days of storage. 

However, all treatments effectively reduced the loss of 

ascorbic acid in the "Murcott "tangerine fruits during cold 

storage. While there were significant variations in 

ascorbic acid values among the treatments, fruits treated 
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with T9, T8, and T4 exhibited significantly higher 

ascorbic acid values compared to other treatments. This 

suggests that these treatments were successful in 

preserving ascorbic acid, possibly by reducing the 

respiration rate of the dipped fruits.

  

 

Regarding the interaction between the different storage 

periods, T9 and T8 displayed the highest ascorbic acid 

content in Murcott tangerine fruits. Conversely, T1 

treatment resulted in significantly lower ascorbic acid 

values. These results align with the findings of [43] and 

[41], who also observed a reduction in ascorbic acid 

levels during cold storage. Additionally, the use of edible 

coatings on tangerine fruits can partially limit gas 

exchange through the fruit peel and inhibit the action of 

ethylene during storage, thereby reducing the respiration 

rate. This inhibitory effect contributes to maintaining a 

better level of ascorbic acid, as reported by [60]. Similar 

findings have been reported in other studies. For instance, 

[26] found that "Kinnow" mandarin fruit treated with 4 

mM SA exhibited the highest ascorbic acid, phenolic, and 

antioxidative activity contents during cold storage. [24] 

also observed an improvement in the ascorbic acid 

content of pummelo fruits after treatment with 1.5% CH 

compared to the control during storage at room 

temperature (20 ± 2 °C). In general, the decrease in 

ascorbic acid during storage can be attributed to the rapid 

conversion of L-ascorbic acid into dehydroascorbic acid 

in the presence of L-ascorbic acid oxidase, as suggested 

by [60]. 

 

3.2.4. Respiration rate (ml CO2. Kg-1 h-1) 

All treatments had a significant effect on reducing the 

respiration rate of Murcott tangerine fruits stored at 5±1 

°C (Fig. 3B). Initially, the respiration rate was measured 

at 6.24 ml CO2 kg−1 h−1, and it decreased during the first 

20 days of storage at 5±1 °C. However, after this initial 

period, the respiration rate gradually increased with the 

progress of the storage period, regardless of the 

treatments used. It should be noted that "Murcott "

tangerines, like other mandarin fruits, are non-climacteric, 

meaning their respiration rate does not increase with 

ripening and senescence. Among the treatments, T9, T8, 

T3, and T7 resulted in significantly lower respiration rates 

during storage compared to the other treatments. 

Additionally, fruits treated with T9, T8, T3, and T7 had 

the lowest respiration rate values at different sampling 

times (20, 40, 60, 80, and up to 100 days of storage) 

compared to the control group. These findings align with 

a study by [61], which demonstrated that coatings 

significantly reduce the respiration rate of mandarin fruits 

during cold storage. Edible coatings restrict gas exchange 

through the fruit peel, inhibit the actions of ethylene, and 

reduce the respiration rate, thus delaying the aging 

A B 

 

 

C D 

 

 

Figure 2: Effect of BPE, CHNPs and SANPs on (a) fruit firmness (kg/cm2), (b) juice percentage, (c) TSS percentage and (d) 

total acidity percentage of Murcott mandarin fruits during cold storage period at 5 ±1 °C, RH 90 %. 
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process of the fruits. This is supported by studies 

conducted by [62], [63], [59], [64], [65]. 

In this study, the treatments applied successfully 

decreased the respiration rate of "Murcott "tangerine 

fruits during cold storage. This reduction in respiration 

rate has the potential to preserve fruit quality and extend 

their shelf life. Throughout the storage period at 5±1 °C, 

all treatments resulted in a significant decrease in the 

respiration rate of "Murcott "fruits, which was measured 

in ml CO2 kg-1 h-1. The initial respiration rate of the fruits 

was measured at 6.24 ml CO2 kg-1 h-1, and during the first 

20 days of storage at 5±1 °C, the respiration rate of 

Murcott tangerines decreased. However, as the storage 

period progressed, the respiration rate gradually increased 

regardless of the treatments, as depicted in figure 10. It is 

worth mentioning that "Murcott "tangerines belong to the 

non-climacteric group of mandarin fruits. Unlike 

climacteric fruits, these tangerines do not undergo a 

noticeable increase in respiration rate during ripening and 

senescence, as observed in a study by [66]. Among the 

treatments used in this study, namely T9, T8, T3, and T7, 

significantly lower respiration rates were observed during 

the storage period compared to the other treatments. 

These four treatments also recorded the lowest respiration 

rate values at different sampling times (20, 40, 60, 80, and 

up to 100 days of storage) compared to the control group. 

These findings align with the study conducted by [61], 

which demonstrated that the application of coatings 

significantly reduced the respiration rate of mandarin fruit 

during cold storage. Another study by [24,67] found that 

treating pummelo fruit with 1.5% CH significantly 

slowed down the respiration rate. This outcome was 

linked to the increased presence of active antioxidant 

enzymes, such as SOD, catalase (CAT), ascorbate 

peroxidase (APX), and glutathione reductase (GR). 

Additionally, according to [43], coating mandarin fruits 

with either CH or coconut oil led to a reduction in the 

initial respiration rate by nearly half or even less. The 

application of an edible coating partially limits gas 

exchange through the fruit peel, inhibits the effects of 

ethylene, and decreases the respiration rate, thereby 

slowing down the aging process of the fruit. This aligns 

with the findings of previous studies by [68]. In 

conclusion, the treatments applied in this study effectively 

reduced the respiration rate of Murcott tangerine fruits 

during cold storage, potentially extending their shelf life 

and preserving fruit quality. 

3.2.5. MDA content, SOD, POD, and PPO Activities 

The present findings indicate that the MDA content of 

"Murcott "tangerine fruits varied significantly among 

different treatments at the end of the storage period (Fig. 

4A). Notably, treatments T9, T8, and T3 exhibited 

positive effects in reducing MDA levels, suggesting 

improved fruit storability and quality.  

 

A B 

 

 

Figure 3: Effect of BPE, CHNPs and SANPs on (a) Ascorbic acid (mg/ 100 ml juice) and (b) respiration rate (ml CO2. kg−1 

h−1) of Murcott mandarin fruits during cold storage period at 5 ±1 °C, RH 90 %. 

 

 

(A) (B) 
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Figure 4 (A- D): Effect of BPE, CHNPs and SANPs on MDA content (A), SOD (B), POD (C), and PPO (D) activities of 

Murcott mandarin fruits during cold storage period at 5 ±1 °C, RH 90 %. 

 
(A) (B)

 

 

Figure 5: Effect of BPE, CHNPs and SANPs on Sensory quality of Murcott mandarin fruits during cold storage period at 5 ±1 

°C, RH 90 %. 

 

Conversely, treatments T1, T6, and T4 recorded the 

lowest MDA content at the end of the storage period. 

MDA is commonly used to measure oxidative cell 

damage during storage and assess fruit ripening progress, 

with levels increasing as ripening progresses [69]. 

Furthermore, the treatments involving banana waste, CH 

and SANPS had a notable impact on the activities of 

SOD, POD, and PPO enzymes. All the treated fruits 

exhibited higher levels of SOD, POD, and PPO activities 

compared to the control group (Fig. 4 B, C and D). 

Among the treatments, T9, T8, and T3 demonstrated the 

highest enzyme activity. Conversely, T1 and T6 displayed 

the lowest SOD, POD, and PPO activities compared to 

the other treatments at the end of the shelf life. Similar 

findings were reported by [70] and [71], who observed 

that the application of an edible coating increased CAT 

activity and decreased PPO activity, consequently 

prolonging the shelf life and preserving fruit quality 

during storage. It is plausible that there exists a 

connection between the total antioxidant content of 

treated fruits and various quality characteristics such as 

weight loss, decay percentage, respiration rate, TSS, and 

PPO activity. The combination of coating treatments may 

mitigate the effects of enzymes such as PPO by 

obstructing the fruit's ability to respire, thereby increasing 

phenol content [72,73]. 

 

3.3. Sensory quality 

Figure (5 A and B) illustrates a significant reduction in 

sensory quality attributes (Appearance, Firmness, Peeling, 

Smell, and Taste) of "Murcott "tangerine fruits after 100 

days of storage at a temperature of 5°±1° C, with an 

additional 6 days as shelf life. However, all treatments 

had a positive impact on improving these sensory 

qualities. Specifically, treatments T4 and T3 exhibited the 

highest improvement in appearance, while T9 and T8 

showed the greatest enhancement in firmness. T3 and T9 

resulted in easier peeling, and the best taste and smell 

were observed in T9, T8, and T7. Moreover, after 6 days 

as shelf life, T9 and T8 demonstrated better retention and 

acceptance of sensory attributes (appearance, peeling, 

aroma, and taste) compared to uncoated fruits and other 

treatments. The highest score for total sensory quality was 

observed in T9 and T8. These findings align with 

previous studies by El- [74] and [75], which reported that 

coated Pomelo exhibited significantly higher glossiness, 

firmness, and uniformity. Additionally, Jojoba oil and CH 

treatments scored the highest in sensory quality for 

"Murcott "tangerine fruits after the storage period at 

5°±1° C and room conditions, with an additional 3 days 

as shelf life, compared to the control [18]. [26] also found 

that the application of 4 mM SA effectively preserved the 

quality of "Kinnow" mandarin fruit during storage, 

making it suitable for long-term cold storage. The sensory 

quality of citrus fruits can be improved during storage by 

(C) (D) 
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applying surface coatings, which help in reducing water 

loss, enhancing the external skin layer, and regulating the 

permeability of O2 and CO2 gases, thereby reducing 

transpiration rates [76]; [77], and [78]. 

 

5. Conclusions 

The immersion of Murcott fruits in a composite film BPE 

(20%), CHNPs (3%), and SANPs (0.5%) for 5 minutes 

resulted to improving fruit quality. This treatment led to a 

decrease in decay percentage, weight loss percentage, and 

total loss percentage, while maintaining fruit firmness, 

color (hº), total acidity, and ascorbic acid levels. 

Additionally, it effectively reduced the respiration rate. 

Furthermore, the sensory quality of Murcott fruits was 

well-preserved. On the other hand, the treatments with 

banana waste, CH and SANPS exhibited higher levels of 

SOD, POD, and PPO activities. In conclusion, our 

findings demonstrate that the utilization of (BPE 20% + 

CHNPs 3% + SANPs 0.5%) enhances the quality and 

storage capability of Murcott fruits when subjected to 

cold storage. 

6. Conflicts of interest 

There are no conflicts to declare. 

7. Formatting of funding sources 

This work has not received any funding. 

 

Acknowledgments: The authors extend their 

appreciation to all members of the faculty of 

agriculture in Cairo, Al-Azhar University for 

providing support for this study.  

8. References 

1.  Strano, M.C.; Altieri, G.; Allegra, M.; Di Renzo, 

G.C.; Paterna, G.; Matera, A.; Genovese, F. 

Postharvest Technologies of Fresh Citrus Fruit: 

Advances and Recent Developments for the Loss 

Reduction during Handling and Storage. 

Horticulturae 2022, 8, 612, 

doi:10.3390/horticulturae8070612. 

2.  Elnagar, I.; Fahmy, M.A.; Abd-Alrazik, A.M.; 

Sultan, M.Z. Effect of Some Postharvest 

Treatments with Edible Coating Materials on 

Storability and Quality of Murcott Tangor Fruits 

during Cold Storage. Al-Azhar Journal of 

Agricultural Research 2021, 46, 16–27, 

doi:10.21608/ajar.2021.218193. 

3.  Alharbi, K.; Alshallash, K.S.; Hamdy, A.E.; Khalifa, 

S.M.; Abdel-Aziz, H.F.; Sharaf, A.; Abobatta, W.F. 

Magnetic Iron–Improved Growth, Leaf Chemical 

Content, Yield, and Fruit Quality of Chinese 

Mandarin Trees Grown under Soil Salinity Stress. 

Plants 2022, 11, 2839, 

doi:10.3390/plants11212839. 

4.  Tripathi, P.; Dubey, N.K. Exploitation of Natural 

Products as an Alternative Strategy to Control 

Postharvest Fungal Rotting of Fruit and Vegetables. 

Postharvest Biology and Technology 2004, 32, 

235–245, doi:10.1016/j.postharvbio.2003.11.005. 

5.  Kumar, N.; Pratibha; Neeraj; Petkoska, A.T.; AL-

Hilifi, S.A.; Fawole, O.A. Effect of Chitosan–

Pullulan Composite Edible Coating Functionalized 

with Pomegranate Peel Extract on the Shelf Life of 

Mango (Mangifera Indica). Coatings 2021, 11, 764, 

doi:10.3390/coatings11070764. 

6.  Hassan BA, Lawi ZK, Banoon SR. Detecting the 

activity of silver nanoparticles, pseudomonas 

fluorescens and Bacillus circulans on inhibition of 

aspergillus Niger growth isolated from moldy 

orange fruits Periódico Tchê Química, 2020,17(35) 

678-690, 

7.  Rebello, L.P.G.; Ramos, A.M.; Pertuzatti, P.B.; 

Barcia, M.T.; Castillo-Muñoz, N.; Hermosín-

Gutiérrez, I. Flour of Banana (Musa AAA) Peel as 

a Source of Antioxidant Phenolic Compounds. 

Food Research International 2014, 55, 397–403, 

doi:10.1016/j.foodres.2013.11.039. 

8.  Odedina, M.J.; Charnnok, B.; Saritpongteeraka, K.; 

Chaiprapat, S. Effects of Size and Thermophilic 

Pre-Hydrolysis of Banana Peel during Anaerobic 

Digestion, and Biomethanation Potential of Key 

Tropical Fruit Wastes. Waste Management 2017, 

68, 128–138, doi:10.1016/j.wasman.2017.07.003. 

9.  Oliveira, T.Í.S.; Rosa, M.F.; Cavalcante, F.L.; 

Pereira, P.H.F.; Moates, G.K.; Wellner, N.; 

Mazzetto, S.E.; Waldron, K.W.; Azeredo, H.M.C. 

Optimization of Pectin Extraction from Banana 

Peels with Citric Acid by Using Response Surface 

Methodology. Food Chemistry 2016, 198, 113–

118, doi:10.1016/j.foodchem.2015.08.080. 

10.  Oberoi, H.S.; Vadlani, P.V.; Saida, L.; Bansal, S.; 

Hughes, J.D. Ethanol Production from Banana 

Peels Using Statistically Optimized Simultaneous 

Saccharification and Fermentation Process. Waste 

Management 2011, 31, 1576–1584, 

doi:10.1016/j.wasman.2011.02.007. 

11.  Sari, S.N.; Melati, A. Facile Preparation of Carbon 

Nanofiber from Banana Peel Waste. Materials 

Today: Proceedings 2019, 13, 165–168, 

doi:10.1016/j.matpr.2019.03.208. 

12.  Passo Tsamo, C.V.; Herent, M.-F.; Tomekpe, K.; 

Happi Emaga, T.; Quetin-Leclercq, J.; Rogez, H.; 

Larondelle, Y.; Andre, C.M. Effect of Boiling on 

Phenolic Profiles Determined Using HPLC/ESI-

LTQ-Orbitrap-MS, Physico-Chemical Parameters 

of Six Plantain Banana Cultivars (Musa Sp). 

Journal of Food Composition and Analysis 2015, 

44, 158–169, doi:10.1016/j.jfca.2015.08.012. 

13.  Arquelau, P.B.D.F.; Silva, V.D.M.; Garcia, 

M.A.V.T.; Araújo, R.L.B.D.; Fante, C.A. 

Characterization of Edible Coatings Based on Ripe 

“Prata” Banana Peel Flour. Food Hydrocolloids 

2019, 89, 570–578, 

doi:10.1016/j.foodhyd.2018.11.029. 

14.  Zhang, W.; Li, X.; Jiang, W. Development of 

Antioxidant Chitosan Film with Banana Peels 

Extract and Its Application as Coating in 

Maintaining the Storage Quality of Apple. 

International Journal of Biological 

Macromolecules 2020, 154, 1205–1214, 

doi:10.1016/j.ijbiomac.2019.10.275. 

15.  Pérez-Labrada, F.; Juárez-Maldonado, A. Improving 

Fruit Quality and Bioactive Compounds in Plants: 

New Trends Using Nanocomposites. In 

Nanocomposites for Environmental, Energy, and 

Agricultural Applications; Elsevier, 2024; pp. 277–

314 ISBN 978-0-443-13935-2. 

16.  Ali ZH, Al-Saady MA, Aldujaili NH, Rabeea 

Banoon S, Abboodi A. Evaluation of the 

Antibacterial Inhibitory Activity of Chitosan 

Nanoparticles Biosynthesized by Streptococcus 

https://www.cabidigitallibrary.org/action/doSearch?do=Peri%C3%B3dico+Tch%C3%AA+Qu%C3%ADmica


 Ashraf Hamdy et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, SI: M. R. Mahran (2024)  

 

2098 

thermophilus. Journal of Nanostructures. 2022 Jul 

1;12(3):675-85, doi: 10.22052/JNS.2022.03.020 

17.  Vilaplana, R.; Guerrero, K.; Guevara, J.; Valencia-

Chamorro, S. Chitosan Coatings to Control Soft 

Mold on Fresh Blackberries (Rubus Glaucus 

Benth.) during Postharvest Period. Scientia 

Horticulturae 2020, 262, 109049, 

doi:10.1016/j.scienta.2019.109049. 

18.  Elnagar, I.; Fahmy, M.A.; Abd-Alrazik, A.M.; 

Sultan, M.Z. Effect of Some Postharvest 

Treatments with Edible Coating Materials on 

Storability and Quality of Murcott Tangor Fruits 

during Cold Storage. Al-Azhar Journal of 

Agricultural Research 2021, 46, 16–27, 

doi:10.21608/ajar.2021.218193. 

19.  Alshallash, K.S.; Sharaf, M.; Abdel-Aziz, H.F.; Arif, 

M.; Hamdy, A.E.; Khalifa, S.M.; Hassan, M.F.; 

Abou Ghazala, M.M.; Bondok, A.; Ibrahim, 

M.T.S.; et al. Postharvest Physiology and 

Biochemistry of Valencia Orange after Coatings 

with Chitosan Nanoparticles as Edible for Green 

Mold Protection under Room Storage Conditions. 

Front. Plant Sci. 2022, 13, 1034535, 

doi:10.3389/fpls.2022.1034535. 

20.  Algarni, E.H.A.; Elnaggar, I.A.; Abd El-wahed, 

A.E.N.; Taha, I.M.; AL-Jumayi, H.A.; Elhamamsy, 

S.M.; Mahmoud, S.F.; Fahmy, A. Effect of 

Chitosan Nanoparticles as Edible Coating on the 

Storability and Quality of Apricot Fruits. Polymers 

2022, 14, 2227, doi:10.3390/polym14112227. 

21.  Elmenofy, H. Effect of Natural Antimicrobial 

Substances with Packaging System on Improving 

Quality of ‘ETMANI’ Guava (Psidium Guajava L.) 

Fruit during Cold Storage. Journal of Plant 

Production 2021, 12, 527–540, 

doi:10.21608/jpp.2021.178928. 

22.  Raskin, I. Salicylate, A New Plant Hormone. Plant 

Physiol. 1992, 99, 799–803, 

doi:10.1104/pp.99.3.799. 

23.  Salicylic Acid - A Versatile Plant Growth Regulator; 

Hayat, S., Siddiqui, H., Damalas, C.A., Eds.; 

Springer International Publishing: Cham, 2021; 

ISBN 978-3-030-79228-2. 

24.  Chen, J.I.-Z.; Yeh, L.-T. Greenhouse Protection 

Against Frost Conditions in Smart Farming Using 

IoT Enabled Artificial Neural Networks. JEI 2021, 

2, 228–232, doi:10.36548/jei.2020.4.005. 

25.  Ennab, H.A.; El-Shemy, M.A.; Alam-Eldein, S.M. 

Salicylic Acid and Putrescine to Reduce Post-

Harvest Storage Problems and Maintain Quality of 

Murcott Mandarin Fruit. Agronomy 2020, 10, 115, 

doi:10.3390/agronomy10010115. 

26.  Haider, S.-A.; Ahmad, S.; Sattar Khan, A.; Anjum, 

M.A.; Nasir, M.; Naz, S. Effects of Salicylic Acid 

on Postharvest Fruit Quality of “Kinnow” 

Mandarin under Cold Storage. Scientia 

Horticulturae 2020, 259, 108843, 

doi:10.1016/j.scienta.2019.108843. 

27.  Huang, Q.; Huang, L.; Chen, J.; Zhang, Y.; Kai, W.; 

Chen, C. Maintenance of Postharvest Storability 

and Overall Quality of ‘Jinshayou’ Pummelo Fruit 

by Salicylic Acid Treatment. Front. Plant Sci. 

2023, 13, 1086375, doi:10.3389/fpls.2022.1086375. 

28.  Fahmy, M.A.; Abd El-Razek, A.M.; Sultan, M.Z.; 

Abd-Alhafeez, A.A.; Elnaggar, I.A. Influence of 

Storage Temperature on Quality and Storability of 

Murcott Tangor [Citrus Reticulata× Citrus Sinensis 

(L.) Osbeck] Fruits. Nature and Science 2018, 16, 

150–154. 

29.  Rahman, M.; Hossain, T.B.; Hossain, M.S.; Sattar, 

S.; Das, P.C. Effect of Banana Peel Extract on 

Storage Stability of Banana Cv. Sagar. Food Res. 

2019, 4, 488–494, doi:10.26656/fr.2017.4(2).323. 

30.  AOAC Association of Official Analytical Chemists. 

Official Methods of Analysis. Washington, D.C., 

USA. 2005, 18th Ed. 

31.  AOAC. The Association for Official Analysis in 

Chemistry. Official Method of Analysis. Rockwille, 

USA (19th edn. 

32.  AOAC Association of Official Analytical Chemist. 

Official Methods of Analysis 18th Edition 

Washington DC, USA. Official Methods of 

Analysis 2016, 18. 

33.  Bhat, S.; Rao, G.; Murthy, K.D.; Bhat, P.G. Seasonal 

Variations in Markers of Stress and Oxidative 

Stress in Rats. Indian J Clin Biochem 2008, 23, 

191–194, doi:10.1007/s12291-008-0042-2. 

34.  Chance, B.; Maehly, A.C. [136] Assay of Catalases 

and Peroxidases. In Methods in Enzymology; 

Elsevier, 1955; Vol. 2, pp. 764–775 ISBN 978-0-

12-181802-9. 

35.  Duckworth, H.W.; Coleman, J.E. Physicochemical 

and Kinetic Properties of Mushroom Tyrosinase. 

Journal of Biological Chemistry 1970, 245, 1613–

1625, doi:10.1016/S0021-9258(19)77137-3. 

36.  Iturbe-Ormaetxe, I.; Escuredo, P.R.; Arrese-Igor, C.; 

Becana, M. Oxidative Damage in Pea Plants 

Exposed to Water Deficit or Paraquat1. Plant 

Physiology 1998, 116, 173–181, 

doi:10.1104/pp.116.1.173. 

37.  Casquete, R.; Castro, S.M.; Villalobos, M.C.; 

Serradilla, M.J.; Queirós, R.P.; Saraiva, J.A.; 

Córdoba, M.G.; Teixeira, P. High Pressure 

Extraction of Phenolic Compounds from Citrus 

Peels†. High Pressure Research 2014, 34, 447–

451, doi:10.1080/08957959.2014.986474. 

38.  Singleton, V.L. Wine Phenols. In Wine Analysis; 

Linskens, H.-F., Jackson, J.F., Eds.; Modern 

Methods of Plant Analysis; Springer Berlin 

Heidelberg: Berlin, Heidelberg, 1988; Vol. 6, pp. 

173–218 ISBN 978-3-642-83342-7. 

39.  Lawless, H.T.; Heymann, H. Discrimination Testing. 

In Sensory Evaluation of Food; Food Science Text 

Series; Springer New York: New York, NY, 2010; 

pp. 79–100 ISBN 978-1-4419-6487-8. 

40.  Snedecor, G.W., Cochran, W.G. Statistical Methods; 

7th ed.; The Iowa St. Univ., Press.: Iowa St. Univ., 

Press. Ames. Iowa, USA, 1990; 

41.  Tarabih, M.; EL-Eryan, E. Glycine Betaine and 

Proline with Thinning Technique for Resistance 

Abiotic Stress of Cristalina Cactus Pear. Pakistan J. 

of Biological Sciences 2019, 23, 68–80, 

doi:10.3923/pjbs.2020.68.80. 

42.  Shao, X.; Cao, B.; Xu, F.; Xie, S.; Yu, D.; Wang, H. 

Effect of Postharvest Application of Chitosan 

Combined with Clove Oil against Citrus Green 

https://doi.org/10.22052/JNS.2022.03.020


BIODEGRADABLE NANOPARTICLE COATING FROM BANANA PEEL, CHI-TOSAN, AND SALICYLIC....... 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, SI: M. R. Mahran (2024) 

2099 

Mold. Postharvest Biology and Technology 2015, 

99, 37–43, doi:10.1016/j.postharvbio.2014.07.014. 

43.  Nasrin, T.A.A.; Rahman, M.A.; Arfin, M.S.; Islam, 

M.N.; Ullah, M.A. Effect of Novel Coconut Oil and 

Beeswax Edible Coating on Postharvest Quality of 

Lemon at Ambient Storage. Journal of Agriculture 

and Food Research 2020, 2, 100019, 

doi:10.1016/j.jafr.2019.100019. 

44.  Contreras-Oliva, A.; Rojas-Argudo, C.; Pérez-Gago, 

M.B. Effect of Solid Content and Composition of 

Hydroxypropyl Methylcellulose-Lipid Edible 

Coatings on Physico-Chemical and Nutritional 

Quality of ‘Oronules’ Mandarins. J. Sci. Food 

Agric. 2012, 92, 794–802, doi:10.1002/jsfa.4649. 

45.  Ma, Q.; Lin, X.; Wei, Q.; Yang, X.; Zhang, Y.; 

Chen, J. Melatonin Treatment Delays Postharvest 

Senescence and Maintains the Organoleptic Quality 

of ‘Newhall’ Navel Orange (Citrus Sinensis (L.) 

Osbeck) by Inhibiting Respiration and Enhancing 

Antioxidant Capacity. Scientia Horticulturae 2021, 

286, 110236, doi:10.1016/j.scienta.2021.110236. 

46.  Al Zahrani, N.A.; Gad, M.M.; Fikry, A.M.; Ezzat 

Ahmed, A.; El-Tarabily, K.A.; Elakkad, H.A.; Eid 

Elesawi, I. Efficacy of Chitosan Nanoparticles and 

Wax Coatings on Maintaining Post-Harvest Quality 

of “Murcott” Mandarins. Saudi Journal of 

Biological Sciences 2024, 31, 103894, 

doi:10.1016/j.sjbs.2023.103894. 

47.  Savvas, D.; Ntatsi, G. Biostimulant Activity of 

Silicon in Horticulture. Scientia Horticulturae 

2015, 196, 66–81, 

doi:10.1016/j.scienta.2015.09.010. 

48.  Bisen, A.; Pandey, S.K. Effect of Post Harvest 

Treatment on Biochemical Composition and 

Organoleptic Quality in Kagzi Lime Fruit during 

Storage. J. Hortic. Sci. 2008, 3, 53–56, 

doi:10.24154/jhs.v3i1.596. 

49.  Liplap, P.; Vigneault, C.; Toivonen, P.; Charles, 

M.T.; Raghavan, G.S.V. Effect of Hyperbaric 

Pressure and Temperature on Respiration Rates and 

Quality Attributes of Tomato. Postharvest Biology 

and Technology 2013, 86, 240–248, 

doi:10.1016/j.postharvbio.2013.07.002. 

50.  Ben-Yehoshua, S.; Peretz, J.; Rodov, V.; Nafussi, 

B.; Yekutieli, O.; Wiseblum, A.; Regev, R. 

POSTHARVEST APPLICATION OF HOT 

WATER TREATMENT IN CITRUS FRUITS: 

THE ROAD FROM THE LABORATORY TO 

THE PACKING-HOUSE. Acta Hortic. 2000, 19–

28, doi:10.17660/ActaHortic.2000.518.2. 

51.  Erkan, M.; Pekmezci, M. THE EFFECTS OF 

DIFFERENT STORAGE TEMPERATURES AND 

POSTHARVEST TREATMENTS ON STORAGE 

AND CHILLING INJURY OF “WASHINGTON 

NAVEL” ORANGES. Acta Hortic. 2000, 93–100, 

doi:10.17660/ActaHortic.2000.518.11. 

52.  Dhall, R.K. Advances in Edible Coatings for Fresh 

Fruits and Vegetables: A Review. Critical Reviews 

in Food Science and Nutrition 2013, 53, 435–450, 

doi:10.1080/10408398.2010.541568. 

53.  Yaman, Ö.; Bayoιndιrlι, L. Effects of an Edible 

Coating and Cold Storage on Shelf-Life and 

Quality of Cherries. LWT - Food Science and 

Technology 2002, 35, 146–150, 

doi:10.1006/fstl.2001.0827. 

54.  Alviggi, C.; Andersen, C.Y.; Buehler, K.; Conforti, 

A.; De Placido, G.; Esteves, S.C.; Fischer, R.; 

Galliano, D.; Polyzos, N.P.; Sunkara, S.K.; et al. A 

New More Detailed Stratification of Low 

Responders to Ovarian Stimulation: From a Poor 

Ovarian Response to a Low Prognosis Concept. 

Fertility and Sterility 2016, 105, 1452–1453, 

doi:10.1016/j.fertnstert.2016.02.005. 

55.  Joshi, N.C.; Yadav, D.; Ratner, K.; Kamara, I.; 

Aviv‐Sharon, E.; Irihimovitch, V.; Charuvi, D. 

Sodium Hydrosulfide Priming Improves the 

Response of Photosynthesis to Overnight Frost and 

Day High Light in Avocado ( Persea Americana 

Mill, Cv. ‘Hass’). Physiol Plantarum 2019, 

ppl.13023, doi:10.1111/ppl.13023. 

56.  Morales, J.; Bermejo, A.; Besada, C.; Navarro, P.; 

Gil, R.; Hernando, I.; Salvador, A. Physicochemical 

Changes and Chilling Injury Disorders in ‘Tango’ 

Mandarins Stored at Low Temperatures. J Sci Food 

Agric 2020, 100, 2750–2760, 

doi:10.1002/jsfa.10307. 

57.  El Guilli, M.; Hamza, A.; Clément, C.; Ibriz, M.; Ait 

Barka, E. Effectiveness of Postharvest Treatment 

with Chitosan to Control Citrus Green Mold. 

Agriculture 2016, 6, 12, 

doi:10.3390/agriculture6020012. 

58.  Ali Abu-Zinada, I. Effect of 

GA&lt;Sub&gt;3&lt;/Sub&gt;, Girdling or Pruning 

on Yield and Quality of &apos;Parletta&apos; 

Seedless Grape. AJAF 2015, 3, 230, 

doi:10.11648/j.ajaf.20150305.19. 

59.  Obenland, D.; Collin, S.; Sievert, J.; Fjeld, K.; 

Doctor, J.; Arpaia, M.L. Commercial Packing and 

Storage of Navel Oranges Alters Aroma Volatiles 

and Reduces Flavor Quality. Postharvest Biology 

and Technology 2008, 47, 159–167, 

doi:10.1016/j.postharvbio.2007.06.015. 

60.  Khorram, F.; Ramezanian, A.; Hosseini, S.M.H. 

Effect of Different Edible Coatings on Postharvest 

Quality of ‘Kinnow’ Mandarin. Food Measure 

2017, 11, 1827–1833, doi:10.1007/s11694-017-

9564-8. 

61.  Erkan, M.; Pekmezci, M.; Wang, C.Y. Hot Water 

and Curing Treatments Reduce Chilling Injury and 

Maintain Post-Harvest Quality of “Valencia” 

Oranges. Int J Food Sci Tech 2005, 40, 91–96, 

doi:10.1111/j.1365-2621.2004.00912.x. 

62.  Park, J.; Cha, S.-H.; Cho, S.; Park, Y. Green 

Synthesis of Gold and Silver Nanoparticles Using 

Gallic Acid: Catalytic Activity and Conversion 

Yield toward the 4-Nitrophenol Reduction 

Reaction. J Nanopart Res 2016, 18, 166, 

doi:10.1007/s11051-016-3466-2. 

63.  Xu, W.-T.; Huang, K.-L.; Guo, F.; Qu, W.; Yang, J.-

J.; Liang, Z.-H.; Luo, Y.-B. Postharvest Grapefruit 

Seed Extract and Chitosan Treatments of Table 

Grapes to Control Botrytis Cinerea. Postharvest 

Biology and Technology 2007, 46, 86–94, 

doi:10.1016/j.postharvbio.2007.03.019. 

64.  Tietel, Z.; Lewinsohn, E.; Fallik, E.; Porat, R. 

Importance of Storage Temperatures in Maintaining 

Flavor and Quality of Mandarins. Postharvest 

Biology and Technology 2012, 64, 175–182, 

doi:10.1016/j.postharvbio.2011.07.009. 



 Ashraf Hamdy et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, SI: M. R. Mahran (2024)  

 

2100 

65.  Romanazzi, G.; Feliziani, E. Use of Chitosan to 

Control Postharvest Decay of Temperate Fruit: 

Effectiveness and Mechanisms of Action. In 

Chitosan in the Preservation of Agricultural 

Commodities; Elsevier, 2016; pp. 155–177 ISBN 

978-0-12-802735-6. 

66.  Luengwilai, K.; Sukjamsai, K.; Kader, A.A. 

Responses of ‘Clemenules Clementine’ and ‘W. 

Murcott’ Mandarins to Low Oxygen Atmospheres. 

Postharvest Biology and Technology 2007, 44, 48–

54, doi:10.1016/j.postharvbio.2006.08.017. 

67.  Rashedy, A.A.; Abd El-Aziz, M.E.; Abd-Allah, 

A.S.E.; Hamed, H.H.; Emam, H.E.; Abd El-

Moniem, E.A.A. Arabic Gum/Chitosan/Zn–NPs 

Composite Film Maintains the Quality of Hass 

Avocado Fruit by Delaying Ripening and 

Activating Enzymatic Defense Mechanisms. Sci 

Rep 2024, 14, 401, doi:10.1038/s41598-023-50642-

y. 

68.  Afonso, S.; Oliveira, I.; Ribeiro, C.; Vilela, A.; 

Meyer, A.S.; Gonçalves, B. Innovative Edible 

Coatings for Postharvest Storage of Sweet Cherries. 

Scientia Horticulturae 2023, 310, 111738, 

doi:10.1016/j.scienta.2022.111738. 

69.  Gao, H.; Zhang, Z.K.; Chai, H.K.; Cheng, N.; Yang, 

Y.; Wang, D.N.; Yang, T.; Cao, W. Melatonin 

Treatment Delays Postharvest Senescence and 

Regulates Reactive Oxygen Species Metabolism in 

Peach Fruit. Postharvest Biology and Technology 

2016, 118, 103–110, 

doi:10.1016/j.postharvbio.2016.03.006. 

70.  Badawy, M.E.I.; Rabea, E.I.; A. M. El-Nouby, M.; 

Ismail, R.I.A.; Taktak, N.E.M. Strawberry Shelf 

Life, Composition, and Enzymes Activity in 

Response to Edible Chitosan Coatings. 

International Journal of Fruit Science 2017, 17, 

117–136, doi:10.1080/15538362.2016.1219290. 

71.  Alshallash, K.S.; Elnaggar, I.A.; Abd El-Wahed, 

A.E.N.; Hhmdy, A.E.; Abdel-Aziz, H.F.; Omar, 

M.A. Utilization of Jojoba Oil and Salicylic Acid as 

Postharvest Treatment on Storability and Fruit 

Quality of ‘Late Swelling’ Peach Cultivar. Not Bot 

Horti Agrobo 2023, 51, 12999, 

doi:10.15835/nbha51212999. 

72.  Aboryia, M.S.; Omar, A. Effectiveness of Some 

Edible Coatings on Storage Ability of Zaghloul 

Date Palm Fruits. Journal of Plant Production 

2020, 11, 1477–1485, 

doi:10.21608/jpp.2020.149821. 

73.  Hamdy, A.E.; Abdel-Aziz, H.F.; El-khamissi, H.; 

AlJwaizea, N.I.; El-Yazied, A.A.; Selim, S.; 

Tawfik, M.M.; AlHarbi, K.; Ali, M.S.M.; Elkelish, 

A. Kaolin Improves Photosynthetic Pigments, and 

Antioxidant Content, and Decreases Sunburn of 

Mangoes: Field Study. Agronomy 2022, 12, 1535, 

doi:10.3390/agronomy12071535. 

74.  El-Dengawy, E.; Mustafa, M.; Abo El-Enien, M.; 

Barakat, R. Impact of Magnetization and Organic 

Acids on the Growth and Productivity of 

‘Washington Navel Orange’ Trees under Irrigation 

with Salty Water. Journal of Plant Production 

2019, 10, 469–475, doi:10.21608/jpp.2019.48294. 

75.  Laxman, R.H.; Annapoornamma, C.J.; Biradar, G. 

Mango. In Abiotic Stress Physiology of 

Horticultural Crops; Rao, N.K.S., Shivashankara, 

K.S., Laxman, R.H., Eds.; Springer India: New 

Delhi, 2016; pp. 169–181 ISBN 978-81-322-2723-

6. 

76.  Ding, P.; Ding, Y. Stories of Salicylic Acid: A Plant 

Defense Hormone. Trends in Plant Science 2020, 

25, 549–565, doi:10.1016/j.tplants.2020.01.004. 

77.  Kamil, O.; El-Hefnawy, S.; Alashkar, R.; Gad, M. 

THE IMPACT OF NANO CHITOSAN AND 

NANO SILICON COATINGS ON THE 

QUALITY OF CANINO APRICOT FRUITS 

DURING COLD STORAGE. Zagazig Journal of 

Agricultural Research 2019, 46, 2215–2227, 

doi:10.21608/zjar.2019.65073. 

78.  Daisy, L.L.; Nduko, J.M.; Joseph, W.M.; Richard, 

S.M. Effect of Edible Gum Arabic Coating on the 

Shelf Life and Quality of Mangoes (Mangifera 

Indica) during Storage. J Food Sci Technol 2020, 

57, 79–85, doi:10.1007/s13197-019-04032-w. 

 


