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Abstract: This study investigated the effects of combining an edible coating (EC) formulation with 

modified atmosphere packaging (MAP) on the postharvest quality of Coscia pears (Pyrus communis 

L.). The EC formulation consisted of Aloe vera gel, hydroxypropyl methylcellulose (HPMC), ascorbic 

acid, and citric acid. Pears were sliced and subjected to three treatments: untreated (CTR), EC with 

MAP1 (70% CO2 + 30% N2), and EC with MAP2 (30% CO2 + 70% N2). Physicochemical, 

microbiological, and sensory analyses, as well as assessments of proximate compounds and vitamin 

content, were conducted over a 9-day storage period at 4 ± 1 °C and 90% ± 5% relative humidity. The 

results showed that combining EC with MAP significantly reduced juice leakage, delayed browning, 

and preserved firmness compared to untreated samples. Additionally, MAP treatments, particularly 

MAP2, improved color stability by minimizing both aerobic and anaerobic respiration. Sensory 

evaluations indicated that treated samples had superior visual appearance and texture. Microbiological 

analyses confirmed that all samples maintained high hygienic standards throughout the storage period. 

Furthermore, mineral and vitamin content analyses demonstrated that EC and MAP treatments helped 

retain essential nutrients in the pear slices. In conclusion, the combination of EC and MAP effectively 

extended the shelf-life and preserved the nutritional quality of fresh-cut Coscia pears, offering 

substantial benefits for both consumers and the food industry. 
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1. Introduction  

The pear (Pyrus communis L.) is one of the world’s oldest cultivated plants. Of the approximately 

2.000 varieties grown globally, India produces some of the most productive [1]. Italy ranks as the 

second-largest producer, yielding around 900,000 tons annually, second only to China’s 11 million 

tons [2]. Pears are the second most significant temperate fruit after apples, known for their adaptability 

to a wide range of climates, soils, and altitudes [3]. The Coscia variety, a European pear, is renowned 

for its crisp, flavorful fruit but is less commercially successful compared to varieties like Butirra, Abate, 

Spadona, and William. Its smaller size and lower yield limits its marketability [4,5]. While primarily 

consumed fresh, a significant portion of Coscia pears is processed into juice, marmalade, dried, and 

canned products, which helps to reduce food waste [6]. 

Despite these challenges, Coscia pears are rich in antioxidants [7], leading to the development of 

various technologies aimed at extending their shelf-life. These include edible coatings (EC) [8], 

modified atmosphere packaging (MAP) [9], and refrigeration [10], all designed to mitigate microbial, 

chemical, and mechanical damage during postharvest handling and storage [11]. In this context, the 

food industry and researchers are exploring new techniques to boost consumer demand for ready-to-

eat products. The combination of MAP with EC has shown promising effects on the sensory attributes 

of fruit and consumer preferences [12–14]. Amanatidou et al. (1999) demonstrated the effectiveness 

of O2 in delaying enzymatic browning in fruit products. However, improper O2 concentrations can 

encourage the growth of pathogenic organisms such as L. monocytogenes, E. coli, Clostridium perfringens, 

and C. botulinum, potentially leading to fermentation, off-flavors, and odors [16,17]. Oguz‐Korkut 

et al. (2022) reported a reduction in the respiration rate of fresh-cut Deveci pears using MAP. 

Optimal modified atmosphere (MA) conditions vary for different types of fresh produce and are 

generally defined as those that minimize aerobic rates. In addition to O2 and CO2, gases like nitrogen 

are carefully balanced within the packaging [19]. From a microbiological perspective, MAP, 

particularly with high CO2 concentrations, can significantly inhibit microbial growth [20]. However, CO2 

can also suppress the natural fruit microflora due to its broad bacteriostatic effect [21]. The introduction of 

N2 helps slow the growth of aerobic microorganisms and acts as a barrier to prevent bag collapse [16,22,23]. 

Edible coatings enhance the external appearance and shine of fruit surfaces while acting as a 

barrier to gas exchange, thus reducing water loss and vapor droplet formation inside the packaging [24]. 

Studies confirm that ECs containing plant extracts and plasticizers improve the effectiveness of the 

treatment [25–30]. 

To determine whether the respiration rate of fresh-cut pears can be minimized to extend their 

shelf-life, an experiment was conducted using a gas mixture insufflated into bags designated for fresh-

cut pears treated with EC. The fruit slices were stored for nine days at 4 ± 1 °C and at 90% ± 5% 

relative humidity, simulating typical refrigerator conditions, while their physicochemical, 

microbiological, and sensory properties were monitored. 

2. Materials and methods 

2.1. Plant material 

Twenty kilograms of Coscia pears (Pyrus communis L.) were harvested in Torrenova (ME, Italy) 

at coordinates 38°05’018.56” N, 14°40’18.08” E. The fruits were selected based on a firmness index 
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of 4–4.5 kg/cm2 to ensure uniform maturity. Only pears of similar size and without biotic or abiotic 

peel alterations were chosen. 

2.2. Edible coating (EC) and modified atmosphere packaging (MAP) formulation 

The EC formulation was adapted from previous research on fresh-cut pears [31]: 300 mL of H2O, 

120 mL of Aloe vera gel (AVG), 4 g of hydroxypropyl-methylcellulose (HPMC), 0.5 g of ascorbic 

acid, and 0.5 g of citric acid. 

All ingredients were diluted in water to maintain sensory acceptability, as higher concentrations 

resulted in bitterness [32,33]. Two gas mixtures were used to assess the impact of EC on fresh-cut pears: 

MAP1 (70% CO2 + 30% N2) and MAP2 (30% CO2 + 70% N2). 

2.3. Experimental design 

Before the experiment, all utensils and surfaces were cleaned and sterilized. Room temperature 

was maintained at 4 ± 1 °C to inhibit bacterial growth. Pears were washed under tap water and then 

immersed in chlorinated water (100 µL/L) for 5 min, following the method described by Arias E. 

et al. [34]. After air-drying for 20 min, pears were peeled and sliced into quarters using a sterilized 

stainless-steel knife. The core was removed using a pear corer.  

The pears were divided into five lots corresponding to the treatments, with 100 g per bag: 

➢ CTR: No coating; passive MAP = 21% O2 + 0.04% CO2 + 78% N2. 

➢ EC + MAP1: Immersion of the slices into 300 mL H2O, 120 mL Aloe vera gel (AVG), 4 g 

hydroxypropyl-methylcellulose (HPMC), 0.5 g ascorbic acid, and 0.5 g citric acid and packed with 

70% CO2 + 30% N2. 

➢ EC + MAP2: immersion of the slices into 300 mL H2O, 120 mL Aloe vera gel (AVG), 4 g 

hydroxypropyl-methylcellulose (HPMC), 0.5 g ascorbic acid, and 0.5 g citric acid and packed with 

30% CO2 + 70% N2. 

Untreated samples were packed, sealed, and stored according to the protocol. The remaining slices 

were immersed in the EC solution for 2 min and drained. Each slice was coated with approximately 0.3 

mm of the solution and packed in biodegradable bags made of polyamide/polyethylene [PA/PE, 80% 

PA and 20% PE, 90 µm thickness, 500 cm3 volume, oxygen permeability = 47.6 cm2/(m2·day·atm), and 

water vapor transmission rate = 3.9 g/(m2·day·atm)]. Packaged slices underwent MAP treatments using 

a digitally controlled packaging machine (VM 16 Orved S.p.A, Musile di Piave, Venice, Italy). All bags 

were stored at 4 ± 1 °C and 90% ± 5% relative humidity. 

Physicochemical, microbiological, and sensory analyses, proximate composition, and respiration 

rates were assessed on day 0 (fresh product), day 3 (d3), day 6 (d6), and day 9 (d9), with three replicates 

per treatment. 

2.4. Physicochemical analyses 

2.4.1. Percentage of juice leakage (% JL) 

Juice leakage percentage (% JL) was determined by measuring the weight loss of each sample 

during storage. The bags with pear slices had an initial weight of 100 g, and the weight was recorded 
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after 3, 6, and 9 days using a digital balance. % JL was calculated using the formula (1): 

%JL = [(W1 – W2)/(W1 x 100)]         (1) 

were W1 and W2 represent the initial and final weights of the sample, respectively. 

2.4.2. Browning index (BI) and total color difference (ΔE) 

A Minolta colorimeter (Chroma Meter CR-400, Konica Minolta Sensing Inc., Tokyo, Japan) was 

used to determine BI and ΔE. The instrument was calibrated with a standard white plate. BI was 

calculated using the formula (2) by Ruangchakpet and Sajjaanantakul [35]: 

(BI) = [100 (x – 0.31)/0.17]         (2) 

where x = (a* + 1.75 L*)/(5.645 L* + a* – 0.3012 b*). 

ΔE was determined using the formula (3): 

ΔE* = [(L2* – L1*)2 + (a2*– a1*)2 + (b2* – b1*)2]1/2     (3) 

2.4.3. Total soluble solids content and titratable acidity 

The juice extracted from pear slices using a centrifuge (Ariete, Florence, Italy) was analyzed for 

total soluble solids content (TSSC) and titratable acidity (TA). TSSC, measured in °Brix, was determined 

with an ATAGO digital refractometer (Atago Co., Ltd., Tokyo, Japan). TA, expressed in grams of malic 

acid per liter, was measured using a pH meter titrator (Crison Instruments, S.A., Barcelona, Spain). 

2.4.4. Firmness (N) 

Fruit firmness was measured using a texture analyzer TA.XTplus (Stable Microsystems, Ltd., 

Surrey, UK) with a 25 kg load cell, 1 mm/s test speed, 75 mm probe (P/75), and 5 g trigger force. 

Three replicates were conducted for each sample, and results were expressed in Newton (N). 

2.5. Microbiological analysis 

Samples from pear productions, including edible coating and control, as well as treated samples 

during refrigerated storage, were serially diluted at 1:10. Edible coating (1 mL) was directly diluted in 

Ringer’s solution (Thermo Fisher Scientific, Inc., Waltham, MA, USA), while pear samples (25 g) 

were homogenized in 225 mL of Ringer’s solution using a stomacher (Bag-Mixer 400, Interscience, 

Saint Nom, France) for 3 min at blending power 4. Serial dilutions were plated on agar media to 

monitor total mesophilic microorganisms, spoilage organisms (Pseudomonas spp., yeasts, and molds), 

and pathogens (Enterobacteriaceae, Escherichia coli, coagulase-positive staphylococci (CPS), Listeria 

monocytogenes, and Salmonella spp.) following the method of Passafiume et al. [31]. Plate counts 

were performed in triplicates for all samples at each sampling time. 

2.6. Mineral and vitamin content 

The contents of Ca, Mg, K, and Na were determined using atomic absorption spectroscopy 
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following wet mineralization [36,37]. P was measured using a colorimetric method [38]. Riboflavin 

(vitamin B2) was extracted in an autoclave with diluted H2SO4 and, after enzymatic treatment, 

determined via HPLC. For ascorbic acid (vitamin C) analysis, the dried methanolic extract (100 mg) was 

extracted with 10 mL of 1% metaphosphoric acid for 45 min at room temperature and filtered through 

Whatman No. 4 filter paper. The filtrate (1 mL) was mixed with 9 mL of 2.6–dichlorophenolindophenol, 

and absorbance was measured at 515 nm within 30 min against a blank. Ascorbic acid content was 

calculated using a calibration curve of L-ascorbic acid (0.02–0.12 mg/mL) [39].  

2.7.  Sensory analysis 

Sensory analysis was conducted over nine days of storage according to ISO 13299 standards [40]. 

A panel of 11 semi-trained members (6 males, 5 females, aged 25−55) evaluated the pears for flesh 

color, brightness, herbaceous odor, roughness, texture, stickiness, and gumminess. Assessments were 

performed in a sensory testing room with individual booths and controlled lighting. The presentation 

order of samples was randomized, and water was provided for rinsing between samples. Scores ranged 

from 1 (no descriptor intensity) to 9 (highest descriptor intensity). 

2.8. Statistical analysis 

Data were presented as mean ± standard deviation. Statistical analysis was performed using 

XlStat® software version 9.0 (Addinsoft, Paris, France). Analyses included one-way analysis of 

variance (ANOVA) and Tukey’s multiple range test, with significance set at p < 0.05. Significant 

differences between sampling dates for each treatment were denoted by different letters. 

3. Results and discussion 

3.1. Physicochemical analysis 

3.1.1. Percentage of juice leakage 

The combination of EC and MAP was shown to significantly reduce juice leakage during cold 

storage (p ≤ 0.05), as demonstrated by the findings outlined in Table 1. This reduction can be largely 

attributed to the polymers in the coating, which, together with the gases present inside the packaging, 

form an effective barrier that minimizes gas exchange. This barrier is crucial in reducing water loss 

from fresh-cut samples, a phenomenon supported by previous studies [41]. Such a barrier also restricts 

the exchange of oxygen and carbon dioxide, leading to a decrease in the respiration rate and overall 

metabolic activity of the fruit, thereby extending its shelf-life [42]. The protective effect of the EC is 

further enhanced by the inclusion of Aloe vera gel, which, due to its hygroscopic nature, contributes 

to the stabilization of pectin, a key structural component in the fruit cell walls. Aloe vera’s moisture-

attracting properties help preserve the fruit’s texture and minimize water loss, thus maintaining quality 

during storage [43]. 
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Table 1. Effect of the treatments on juice leakage (%) of fresh-cut Coscia pears stored 

at 4 ± 1 °C and 90% ± 5% RH for 9 days. Values are expressed as an average of three 

measurements. Different lowercase letters indicate significant differences (p ≤ 0.05) 

between different sampling times for the same treatment; different capital letters indicate 

significant differences (p ≤ 0.05) between different treatments for the same sampling time. 

 %JL during cold storage 

Treatments 3 d 6 d 9 d 

CTR 7.92% cA 18.43% bA 26.90% aA 

EC + MAP1 7.89% bA 15.66% aB 18.00% aB 

EC + MAP2 6.12% bA 15.14% aB 17.72% aB 

The incorporation of ascorbic and citric acids in the EC formulation also plays a supportive role, 

particularly in helping the coating adhere more effectively to the fruit’s surface. While these acids do 

not directly alter storage conditions, they contribute to the stability of the coating components, ensuring 

that the protective film remains intact throughout the storage period [44]. Furthermore, the modified 

atmosphere within the packaging material enhances the moisture retention rate of the fruit, limiting 

oxidative processes that would otherwise lead to rapid spoilage. In addition to reducing respiration, 

the MAP also plays a critical role in inhibiting microbial growth, thus prolonging the shelf-life of 

fresh-cut produce by creating an environment that is less favorable for microbial proliferation [45]. 

Overall, the synergistic effect of EC and MAP not only reduces water loss and juice leakage but also 

extends storage life by controlling respiration, limiting microbial spoilage, and maintaining the 

structural integrity of the fruit [46–49]. 

3.1.2. Browning index and total color difference 

The change in color during cold storage is a critical factor influencing consumer preferences and 

product acceptance, as it is often the first quality attribute assessed [50]. In this study, over the 9-day 

cold storage period, the CTR samples demonstrated the most pronounced increase in browning 

value (21.26%), likely due to the absence of inhibitors for polyphenol oxidase (PPO) activity [51]. 

Results indicate that treatments with EC and a mix of N2 and CO2 in the bags tend to delay 

changes in the browning index (33.13% in EC + MAP1 and 24.65% EC + MAP2). 

Browning in fruits is primarily driven by enzymatic oxidation, where PPO catalyzes the oxidation 

of phenolic compounds to quinones, which subsequently polymerize into brown pigments (Figure 1). 

This enzymatic browning is a major quality concern in fresh-cut fruit, as it directly impacts visual 

appeal and marketability [52]. The significant browning observed in the CTR samples compared to 

the treated samples (p ≥ 0.05) underscores the efficacy of interventions such as EC and MAP in 

mitigating color degradation. It is likely that the EC used in conjunction with the MAP treatment 

interacts directly with the pear’s PPO, reducing activity. Research by Yu K. et al. [53] indicates that 

the PPO of Conference pears has a strong affinity for ascorbic acid, with a Km of 0.55 mM at pH 7.0. 

Ascorbic acid, commonly used as an antioxidant in EC, can act as a competitive inhibitor of PPO 

activity, as oxygen is required for the enzymatic oxidation of phenolics [54].  
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Figure 1. Effect of the treatments on browning index (BI) of fresh-cut Coscia pears stored 

at 4 ± 1 °C and 90% ± 5% RH for 9 days. Values are expressed as the average of three 

measurements. Different lowercase letters indicate significant differences (p ≤ 0.05) 

between different sampling times for the same treatment; different capital letters indicate 

significant differences (p ≤ 0.05) between different treatments for the same sampling time. 

To more thoroughly assess the browning index of fresh-cut pear, the color difference (ΔE) is a 

valuable metric (Figure 2). The observed color change is influenced by the semi-permeability of cell 

membranes, where pigment migrations from intercellular space to intracellular fluid alters the 

refractive index and the visible color of the fruit [49]. Although no significant differences (p ≥ 0.05) 

in ΔE were detected across different days of cold storage treatment, there were significant differences 

(p ≤ 0.05) between the three treatments on the same day. These differences in color stability are likely 

attributable to the varying concentration of CO2 within the MAP treatments. Lower CO2 concentration 

in EC + MAP2 may promote oxidative processes at a more controlled rate, while the CTR samples, 

lacking such protective measures, undergo more rapid oxidative color changes [55]. 

Previous studies have shown that the combination of EC and MAP can effectively reduce oxygen 

availability, slow down respiration rates, and consequently delay browning and other oxidative 

changes in fresh-cut produce [56]. CO2-enriched atmospheres are known to inhibit microbial growth 

and slow down enzymatic activity, further contributing to the maintenance of color during storage [57]. 

The findings of this study are consistent with other research demonstrating the role of MAP in 

controlling color changes and browning in minimally processed fruits, thus extending the shelf life and 

maintaining quality [58]. 
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Figure 2. Effect of the treatments on color variation (ΔE) of fresh-cut Coscia pears stored 

at 4 ± 1 °C and 90% ± 5% RH for 9 days. Values are expressed as the average of three 

measurements. Different lowercase letters indicate significant differences (p ≤ 0.05) 

between different sampling times for the same treatment; different capital letters indicate 

significant differences (p ≤ 0.05) between different treatments for the same sampling time.  

3.1.3. Total soluble solids content and titratable acidity 

As shown in Figure 3, the total soluble solids content (TSSC) increases during cold storage. 

Statistical analysis indicates that the EC and MAP significantly affect the maintenance of TSSC levels. 

Notably, significant differences (p ≤ 0.05) were observed in the EC+MAP1 treatment starting from 

day 6 compared to day 0. In fact, the two treatments significantly inhibited the loss of TSSC and TA 

contents, while for the untreated sample (CTR), significant differences were evident on the third day 

of analysis (day 3). As a climacteric fruit, pears naturally exhibit fluctuations in soluble solids content 

due to the hydrolytic conversion of polysaccharides to sugars [59]. This study found that softening was 

delayed during cold storage due to the presence of HPMC, according to a previous study [31]. In 

another study, Wong et al. (1994) [60] reported that EC was involved in the physiological processes, 

and thus, this seems to play an essential role in the structural maintenance of membranes and cell 

walls [61]. On the other hand, the high concentration of CO2 in the package likely enhanced the 

conversion of sugars to organic acids [57]. Moreover, Siddiq et al. (2020) [62] and Gomes et al. (2012) [63] 

reported that the MAP treatment did not affect quality characteristics such as TSS and TA during 

storage.  

Figure 4 illustrates the response of fruits to treatments during cold storage, showing a decrease in 

acidity for both untreated and treated samples: 75.76% in CTR, 42.42% in EC + MAP1, and 37.88% 

in EC + MAP2. Organic acids, the main respiratory substrates for pear slices, demonstrate a respiratory 

quotient of 1.38 [58]. The greater reduction in acidity in the CTR samples is likely due to the 

development of anoxic conditions [64]. This decrease may also be related to a physiological maturation 

process, where an increase in sugars corresponds to a decrease in titratable acidity (TA), consistent 
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with the findings of Mg AE-G. et al. (2019) [65]. Moreover, the rapid decline in TA in pears is 

associated with accelerated fruit senescence [66]. The smaller reduction in EC + MAP2 is probably due to 

the combined effect of MAP2 and EC, which helps maintain the integrity of cell membrane pectins [67].  

 

Figure 3. Effect of the treatments on total soluble solids content (TSSC) parameter of 

fresh-cut Coscia pears stored at 4 ± 1 °C and 90% ± 5% RH for 9 days. Values are 

expressed as the average of three measurements. Different lowercase letters indicate 

significant differences (p ≤ 0.05) between different sampling times for the same treatment; 

different capital letters indicate significant differences (p ≤ 0.05) between different 

treatments for the same sampling time.  
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Figure 4. Effect of the treatments on titratable acidity (TA) parameter of fresh-cut Coscia 

pears stored at 4 ± 1 °C and 90% ± 5% RH for 9 days. Values are expressed as the average 

of three measurements. Different lowercase letters indicate significant differences (p ≤ 

0.05) between different sampling times for the same treatment; different capital letters 

indicate significant differences (p ≤ 0.05) between different treatments for the same 

sampling time. 

3.1.4. Firmness 

The firmness of fresh-cut produce is a key indicator of quality, and in this study, untreated 

samples experienced a more rapid decline of this parameter (32.43%) compared to those treated with 

EC and stored in MAP, which showed reductions of 22.43% and 18.91%, respectively (Figure 5). This 

accelerated softening in untreated samples is likely due to the normal metabolic activities of the fruit, 

which lead to a loss of cell turgor, degradation of cell wall polysaccharides, and subsequent tissue 

softening [68]. During storage, the breakdown of pectin and hemicellulose is associated with the 

loosening of cell wall structure, which contributes to the observed reduction in firmness [69]. No 

significant differences were observed among the treated samples over the 9-day storage period (p = 

0.42257), suggesting that both the EC and MAP treatments helped to maintain fruit texture. However, 

significant differences were found between the CTR and the EC + MAP2 treatments on day 6 (p = 0.00441) 

and day 9 (p = 0.01077), indicating that the combination of EC and MAP provided better firmness 

retention over time, while there was no significant difference between CTR and EC + MAP1 (p = 0.10650). 

This effect may be due to the PA/PE packaging used, which may have contributed to this effect by 

permitting adequate gas exchange with the environment, thus preventing excessive anaerobic 

conditions that can lead to tissue softening [45]. 

Packaging materials with controlled permeability are known to regulate the exchange of gases 

like oxygen (O2) and carbon dioxide (CO2), which can modulate respiration rates and help preserve 

firmness in fresh-cut fruits [70]. The ability of MAP to maintain firmness can also be linked to its 

impact on the fruit’s internal atmosphere. Low O2 levels, as shown by Zhang, Y. [71], can reduce 
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respiration rates and slow the enzymatic activity responsible for cell wall degradation, such as 

pectinases and cellulases. Reduced oxygen availability delays the breakdown of structural 

carbohydrates, thus helping to preserve cell turgor and firmness during storage [72]. Moreover, 

CO2-enriched atmospheres can inhibit ethylene production and sensitivity, which are closely 

associated with the softening process in climacteric fruits like pears [73]. 

Previous research supports these findings, indicating that the combination of EC and MAP can 

effectively reduce moisture loss and limit metabolic activity, both of which contribute to maintaining 

fruit firmness [74]. In addition to controlling respiration, the use of EC forms a semi-permeable barrier 

that minimizes water loss and reduces enzymatic breakdown of cell wall components, further 

contributing to the retention of firmness [75]. These effects have been documented in other studies on 

fresh-cut fruits, where the application of EC and MAP treatments extended shelf life by maintaining 

textural integrity and reducing the rate of softening [76]. 

 

Figure 5. Effect of the treatments on firmness (N) parameter of fresh-cut Coscia pears 

stored at 4 ± 1 °C and 90% ± 5% RH for 9 days. Values are expressed as the average of 

three measurements. Different lowercase letters indicate significant differences (p ≤ 0.05) 

between different sampling times for the same treatment; different capital letters indicate 

significant differences (p ≤ 0.05) between different treatments for the same sampling time.  
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analyzed to detect key undesirable microbial populations commonly associated with horticultural 

products [78].  

The presence of pseudomonads, yeasts, or molds, responsible for microbial spoilage of fruit 

commodities [79], and pathogenic bacteria such as E. coli, CPS, L. monocytogenes, and Salmonella spp., 

responsible for foodborne diseases associated with the consumption of fresh fruit and vegetables [80], 

were below the detection limit in all analyzed samples throughout the entire period of analysis (results 

not shown). 

These findings align with those reported by Passafiume et al. [31] in both uncoated and coated 

fresh-cut Italian pears (Pyrus communis L.) using two different Aloe vera gel-based edible coatings. 

The absence of spoilage and pathogenic microorganisms in all analyzed samples is likely due to the 

presence of organic acids such as citric acid, malic acid, oxalic acid, quinic acid, and shikimic acid, 

naturally found in pears [81]. Additionally, adherence to high hygienic standards during postharvest 

operations likely contributed to inhibiting the growth and survival of undesirable microorganisms in 

both CTR and treated fresh-cut pear fruits. 

3.3. Mineral and vitamin content 

The concentration of chemical components in fruits is crucial due to their impact on the fruit’s 

organoleptic properties [7]. Potassium (K) is the most abundant mineral, followed by phosphorus (P), 

magnesium (Mg), and calcium (C) [82]. Studies have shown that MAP can help retain potassium in 

fruits during storage [83]. Potassium is vital for cardiovascular health, making its preservation essential 

for maintaining the fruit’s nutritional quality. Calcium, important for bone health, was relatively high 

in the Coscia variety studied here compared to USDA Data. Table 2 indicates no significant differences 

in mineral content between treatments or during storage. 

Table 2. Effect of the treatments on the mineral content of fresh-cut Coscia pears stored at 

4 ± 1 °C and 90% ± 5% RH for 9 days. Values are expressed as the average of three 

measurements. ns = not significant (p ≤ 0.05). 

Treatments Day of cold 

storage 

Ca Mg K Na P 

  

mg%d.m. mg%d.m. mg%d.m. mg%d.m. mg%d.m. 

CTR 0 11.00 ± 0.05ns 7.00 ± 0.02 ns 127.00 ± 5.00 ns 2.02 ± 0.01 ns 15.00 ± 0.04 ns 

3 11.05 ± 0.05 ns 7.01 ± 0.03 ns 127.11 ± 5.00 ns 2.00 ± 0.02 ns 15.01 ± 0.05 ns 

6 10.86 ± 0.03 ns 6.43 ± 0.03 ns 130.00 ± 6.00 ns 1.90 ± 0.02 ns 15.12 ± 0.03 ns 

9 10.70 ± 0.06 ns 6.45 ± 0.04 ns 130.04 ± 7.00 ns 1.89 ± 0.04 ns 15.14 ± 0.04 ns 

EC + MAP1 0 11.00 ± 0.05 ns 7.00 ± 0.02 ns 127.00 ± 5.00 ns 2.00 ± 0.01 ns 15.00 ± 0.04 ns 

3 10.90 ± 0.03 ns 7.05 ± 0.03 ns 127.02 ± 4.02 ns 2.20 ± 0.02 ns 15.03 ± 0.04 ns 

6 11.02 ± 0.02 ns 6.89 ± 0.04 ns 126.77 ± .01 ns 2.05 ± 0.02 ns 15.10 ± 0.02 ns 

9 11.01 ± 0.03 ns 7.02 ± 0.03 ns 126.80 ± 3.00 ns 2.04 ± 0.04 ns 15.13 ± 0.03 ns 

EC + MAP2 0 11.00 ± 0.05 ns 7.00 ± 0.02 ns 127.00 ± 5.01ns 2.00 ± 0.01 ns 15.00 ± 0.04 ns 

3 11.10 ± 0.02 ns 7.01 ± 0.03 ns 127.00 ± 4.0.1 ns 2.02 ± 0.01 ns 15.07 ± 0.02 ns 

6 11.06 ± 0.02 ns 7.07 ± 0.03 ns 127.04 ± 3.00 ns 2.02 ± 0.03 ns 15.05 ± 0.03 ns 

9 11.03 ± 0.02 ns 7.04 ± 0.04 ns 127.08 ± 4.03 ns 2.05 ± 0.02 ns 15.05 ± 0.01 ns 
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Vitamin C is a key antioxidant in fresh-cut pears, prone to degradation during postharvest 

handling [84]. Factors such as oxygen exposure, light, and processing can reduce vitamin C levels, 

impacting the fruit's overall antioxidant capacity [85]. The Coscia pears exhibited higher vitamin C 

content in this study compared to previous studies on different cultivars [86]. The data show greater 

vitamin C losses in the untreated control (CTR) samples. 

Vitamin C content is closely linked to enzymatic browning in fruits like pears and apples [87–89]. 

Browning begins once vitamin C levels fall below a certain cultivar-dependent threshold. By 

comparing Table 3 with Figure 1 (browning index), it is clear that CTR fruits experienced more 

browning than treated fruits. Additionally, the vitamin C concentration remained higher in MAP2-

treated fruits throughout the storage period, likely due to the lower CO2 concentration, which 

influences browning, as reported in the literature [90]. 

Table 3. Effect of the treatments on the titratable acidity (TA) parameter of fresh-cut 

Coscia pears stored at 4 ± 1 °C and 90% ± 5% RH for 9 days. Values are expressed as the 

average of three measurements. Different lowercase letters indicate significant differences 

(p ≤ 0.05) between different sampling times for the same treatment; different capital letters 

indicate significant differences (p ≤ 0.05) between different treatments for the same 

sampling time. n.d. = not detectable. ns = not significant (p ≤ 0.05). 

Treatments Day of cold storage Ascorbic acid vitamin C Riboflavin vitamin B2   

mg% mg% 

 

 

CTR 

0 4.85 ± 0.5 aA 0.03 ± 0.01 ns 

3 4.31 ± 0.4 aA 0.02 ± 0.01 ns 

6 3.21 ± 0.5 bB n.d 

9 2.56 ± 0.5 bB n.d 

EC + MAP1 0 4.85 ± 0.5 aA 0.03 ± 0.01 ns 

3 5.12 ± 0.7 aA 0.01 ± 0.02 ns 

6 5.00 ± 0.7 aA 0.02 ± 0.01 ns 

9 4.75 ± 0.5 aA 0.03 ± 0.03 ns 

EC + MAP2 0 4.85 ± 0.5 aA 0.03 ± 0.01 ns 

3 5.22 ± 0.5 aA 0.04 ± 0.01 ns 

6 5.11 ± 0.5 aA 0.01 ± 0.02 ns 

9 5.10 ± 0.5 aA 0.02 ± 0.04 ns 

3.4. Sensory analysis 

As shown in Figure 6, fresh pears at day 0 received the highest scores for flesh color and 

texture (8).  
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Figure 6. Sensory analysis of treated and untreated fresh-cut pears at day 0 of storage at 4 

± 1 °C and 90% ± 5% RH. Values are expressed as average.  

After 3 days of storage (Figure 7), differences between the CTR and treated samples became 

noticeable. Both treatments (EC + MAP1 and EC + MAP2) maintained high scores for texture (7) and 

for flesh color and gloss (8). Conversely, CTR samples began to show signs of senescence, such as 

reduced brightness and flesh color, as confirmed by instrumental analysis. 

 

Figure 7. Sensory analysis of treated and untreated fresh-cut pears at day 3 of storage at 4 

± 1 °C and 90% ± 5% RH. Values are expressed as average.  

1

3

5

7

9
Flesh colour

Brightness of the flesh

Herbaceous odour

Roughness

Texture

Stickiness

Gumminess

Herbaceous flavour

Day 0

Fresh

1

3

5

7

9
Flesh colour

Brightness of the flesh

Herbaceous odour

Roughness

Texture

Stickiness

Gumminess

Herbaceous flavour

Day 3

Fresh CTR EC+MAP1 EC+MAP2



1165 

AIMS Agriculture and Food  Volume 9, Issue 4, 1151–1172. 

By the sixth day of storage (Figure 8), significant differences between the treatments emerged. 

CTR samples scored lower for descriptors like flesh color and brightness (4) and exhibited roughness, 

which was absent in the treated fruits. Treated samples continued to maintain high scores for flesh 

color and brightness, with EC + MAP2 showing the most favorable outcomes. 

 

Figure 8. Sensory analysis of treated and untreated fresh-cut pears at day 6 of storage at 4 

± 1 °C and 90% ± 5% RH. Values are expressed as average.  

By the final day of storage (Figure 9), EC + MAP2 fruits were evaluated most positively, retaining 

high values for descriptors such as flesh color and firmness. In contrast, CTR fruits exhibited an 

herbaceous odor and received a negative evaluation for flesh color and firmness. 

 

Figure 9. Sensory analyses of treated and untreated fresh-cut pears at day 9 of storage at 

4 ± 1 °C and 90% ± 5% RH. Values are expressed as average.  
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4. Conclusions 

The combination of an edible coating (EC) formulation with modified atmosphere packaging 

(MAP) significantly improves the postharvest quality of Coscia pears. 

The study identified several key findings. The application of EC in conjunction with MAP 

effectively reduced juice leakage, delayed browning, and preserved firmness compared to untreated 

samples. The EC formulation, which includes Aloe vera gel, hydroxypropyl-methylcellulose, ascorbic 

acid, and citric acid, was instrumental in maintaining the fruit’s visual and textural quality throughout 

storage. 

MAP treatments, particularly MAP2 (30% CO2 + 70% N2), had a positive effect on the color 

stability of the pears, minimizing changes over the storage period. This stability was attributed to the 

balanced gas composition inside the packaging, which reduced both aerobic and anaerobic respiration, 

thereby slowing metabolic processes and curbing microbial growth. 

Sensory analysis confirmed the beneficial impact of EC and MAP on the overall quality of the 

pears. Panelists reported improvements in visual appearance and texture compared to the untreated 

samples. Microbiological tests indicated that all samples maintained high hygienic standards 

throughout storage, further demonstrating the effectiveness of EC combined with MAP in preserving 

fruit quality. Additionally, analyses of mineral and vitamin content revealed that the EC and MAP 

treatments helped retain essential nutrients in the pears, thereby enhancing their nutritional value over time. 

Overall, these findings suggest that the combination of EC and MAP is a promising strategy for 

extending the shelf life of fresh-cut Coscia pears while maintaining their nutritional value. This 

approach offers significant potential benefits for both consumers and the food industry. 
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