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It is estimated that postharvest losses of minimally processed fruits depend on a series of factors including species, harvesting, trans-
port, and storage and may represent about 20 - 25% of total production in industrialized countries and more than 50% in developing

countries, where postharvest operation techniques are not optimal.

Following the change of lifestyle, consumers are interest to buy healthy foods with particular reference to fruit minimally processed.
However, technological operations of washing, sorting, peeling, and cutting cause several damage of fruit soft tissue and consequently
limited the shelf life of these products [1,2]. Moreover, the quality of food matrix depends not only by its nutritional and organoleptic
characteristics but also by the hygienic condition of the products during the shelf-life period. Several of these characteristics change due to
the interactions between food and the surrounding environment [3]. Among technological operation, cutting represents one of the most
critical since it causes releasing of enzymes such as pectin methylesterase and polygalacturonase that cause the enzymatic degradation of
the cell wall, mainly composed of cellulose, hemicellulose and pectins [4]. Fruit tissue softening is frequently associated to the browning of
fruit surface [5]. The flesh browning process involves two oxidoreductases: polyphenol oxidase (PPO) and peroxidase (POD) [6]. PPO acts
in two steps. In the first step, the enzyme catalyses the hydroxylation of monophenols to diphenols, successively it causes the oxidation
of diphenols to quinines. This second reaction is rapid and produces coloured compounds [7]. Normally the substrates involved in these
reactions are confined in the vacuoles while enzymes in the cytoplasm. Cutting process determines a loss of compartmentalization, which

in the presence of oxygen causes the browning of fruits [8].

During fruits postharvest storage the tissue softening is accompanied by an increase in sugar level, and decrease in organic acid levels,
degradation of chlorophyll accompanied by the synthesis of carotenoids or anthocyanins, production and losses of volatile compounds
decrease in phenolic and amino acid contents, and breakdown of cell materials due to respiration [9]. Other important parameters are hu-
midity and temperature that can directly affect postharvest respiration and transpiration of fruits. In particular, high temperature speed-
ing up respiration, leading to increased ethylene production and high CO, level [10]. All these modifications determined changes in taste,
flavour, colour, texture and nutrient content [9]. For these reasons, fruit processing industries needs to find proper postharvest operations

able to maintain the safety of products, minimize organoleptic and visual modifications during shelf life [11-13].

To prolong the shelf life of minimally processed fruits different technologies based on physical and chemical preservation strategies
have been developed [14]. Citric acid, ascorbic acid and its derivatives, cinnamate, benzoate, and cyclodextrins are used as chemical food
additives to retard both flesh browning and tissue softening however they confer off-flavours and recently some of these compounds are
recognised non-generally recognized as safe (GRAS) [15]. Therefore, manipulation of headspace atmosphere with Modified Atmosphere
Packaging (MAP) represent a more safe strategy to prolong the shelf life of minimally processed fruit. MAP is a dynamic system in which

two gas fluxes, allows the respiration of the fresh fruit and the gas exchange through a packaging film [16]. The composition of MAP is gen-
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erally characterized by a high percentage of CO, with low in O,. Moreover, important parameters are package total surface area, product
weight and respiration rate, film gas transmission capacity and storage temperature. Despite the recent innovations in the MAP sector, this
technology is not sufficient to significantly extend the shelf life of the majority of the minimally processed fruits even if it is applied at low
temperature [15]. Recently edible coating option growing in popularity for its natural character and for the promising results obtained
by the application of this type of packaging to different fruit matrix [17,18]. Edible coatings did not replace traditional packaging system
but they can additionally control moisture and gases and be supporters of additives [19]. The application of edible coatings on fruits and
minimally processed fruits consists on the application of a layer of edible material on the surface of a cut-fruit in order to providing it
with a modified atmosphere, retarding gas transfer, reducing moisture, delaying color changes and aroma loss, and improving the general
appearance of the product during the shelf life period carry active ingredients [18]. Edible coating use on minimally processed fruits

determined:

a) Areduction of moisture loss as consequence of moisture barrier on the surface of the product;

b) Controlling gas exchange between the fresh product and its surrounding atmosphere, slowing down respiration and delaying
deterioration of aspect and aroma;

c) Retarding enzymatic oxidation responsible of the flesh browning of the fruits or texture softening during the shelf-life period;
d) Protecting product from physical damage caused by mechanical factors;

e) Carry functional ingredients, such as antioxidants, antimicrobials anti-browning and healthy compounds [21].

Different materials such as polysaccharides, proteins and lipids are used as edible coating [9,20]. Among polysaccharides, alginates,
cellulose derivatives, carrageenan, chitosan, gums, and pectinates are used. These materials are characterized by a hydrophilic nature and
its use guarantee a gas barrier rather than retarding water loss. Carboxymethyl cellulose (CMC) alone or in combination with chitosan was
successfully applied to extend the shelf life of Nephelium lappaceum fruit especially on terms of vitamin C content and eating quality at
room temperature for 3 days of storage [22]. A gelatin-based edible coating containing cellulose nanocrystals (GEL/CNC) is used to main-
tain the quality in terms of visual aspect, aroma and nutrient content of fresh strawberries during storage. Results evidenced that fruits
coated with GEL/CNC had a significant improvement in its shelf life in fact the weight loss after 8 days of storage was 31 - 36 vs 65% of
untreated fruits. Moreover, a promising retention of ascorbic acid was observed [23]. Low methoxyl edible pectins (2%) formulated with
glycerol, sunflower oil and CaCl, were used as coating on fresh-cut melon. This operation improved water vapour resistance, preventing
dehydration and maintaining the initial firmness and quality attributes during 15 days of storage at 4°C [24]. The same formulation with
the addition of N-acetylcysteine Glutathione on pears exerted antimicrobial, anti-browning and antioxidant activity during 14 days of

storage at 4°C. The sensory attributes of the fruits were also maintained [25].

More recently, Lin., et al. [26] reported the effect carrageenan-based and chitosan edible coatings on Dimocarpus longan fruits. The best
combinations to preserve longan by minimal quality changes and quantity losses resulted 1.49% (w/v) carrageenan with 0.03% glycerol
and 1.29% (w/v) chitosan with 0.42% glycerol. Pectin and sodium alginate coatings formulated with essential oils rich in citral and eu-
genol (PE 1% + Cit 0.15% + Eug 0.1%.) applied to raspberries determined a reduced loss of the colour, soluble solids content, and weight
loss together with a maintain of good antioxidant capacity and taste up to 14 days, while control fruit were acceptable only till 7 days [27].
Pullulan coating was characterized by colorless, tasteless, and odorless at the same time it has good adhesive properties and high me-
chanical strength. Several works describes the use of this polysaccharide to extending the shelf life of whole and cutted apples, kiwifruit
and strawberries [28,29]. A great protection on L-ascorbic acid, phenolic compounds (total phenolics, phenolics acids and anthocyanins)
loss was observed in pullulan coated blueberries fruits monitored at 4 and 16°C by 28 and 14 days, respectively [1]. Moreover, pullulan

minimizes respiration rate, controlling microbial growth and delaying overall deterioration of the fruits.
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An edible coating of Aloe vera gel recently addressed research attention. This coating guarantee a highly effective as a moisture barrier
without the incorporation of lipids [30]. The A. vera mucilaginous gel is odourless and colourless, and consisting of approximately 99.0 -
99.5% of water and 0.5 - 1% of polysaccharides, minerals, vitamins, phenolic compounds, organic acids and enzymes [31]. Serrano,, et al.
[32] reported that this gel forming a protective layer on the surface of fruit matrix able to prevent loss of moisture and firmness, control

respiratory rate and maturation development, delay oxidative browning and reduce microorganism proliferation in fruits.

Radi, et al. [33] reported the effect of A. vera gel and green and black tea extracts on physicochemical, microbial, and sensorial prop-
erties of fresh-cut oranges storage for 17 days at 4°C. Significant differences in terms of quality parameters were observed between the
control and coated fresh-cut oranges treated with 100% A. vera gel and 10% of green tea extract. Moreover, this sample received, also, the
highest score in sensory evaluation. A similar formulation was used by the same research team onto fresh-cut apples storage at 4°C for 16
days. In this case, the highest variation in quality parameters including softening was observed in coated slices with 150% of A. vera gel
[34]. A. vera gel was successfully applied to Ziziphus mauritiana (ber) fruit. This fruits are highly perishable and has a limited shelf life at
room temperature. A. vera gel coated ber fruits presented a lower weight loss, shrinkage percentage, loss in acid content and a maximum
colour retention as compared to uncoated ones [35]. Atlaw [36] proposed the use of A. vera gel (T1) and formulation with citric acid (T2)
to control mango fruit deterioration. A shelf life of 17 days was found for uncoated fruits whereas both treatment can extend the shelf life
of mango fruit to 29 days. These treated fruits presented a lower loss in weight (8.6 and 7.6% for T1, and T2, respectively vs 22.04%) and
titratable acidity and a significantly increase of both pH and TSS content. The successfully application of A. vera gel on pomegranate arils

cv. Bhagwa was described by Sridevi,, et al [37].

Arils treated with gel (30%) showed a significantly lowest total sugars and titrable acidity content during the early phase of storage.
Moreover, treated arils presented a higher content of ascorbic acid, total anthocyanins and antioxidant activity throughout the shelf-life

period in comparison to the untreated sample.

Soy protein, whey protein, wheat gluten, and corn zein have been extensively studied as films/coatings for their mechanical proper-
ties. Protein based films/coatings acts as oxygen blockers even at low relative humidity Hassan., et al [38]. A soybean protein isolate (SPI)
formulated with chitosan was used to prolong the shelf life of apricots stored at 2°C in fact, it significantly decreased the weight loss and
firmness of the treated apricots respect untreated fruits. Moreover, SPI-chitosan coating inhibited the degradation of pectin molecules.
Meanwhile, this treatment prevented the decrease in firmness and benefited the textural properties of the apricots tissue due inhibition
of pectin degradation [39].

A combination of whey protein/pectin film prepared in the presence of transglutaminase was used onto fresh cut apples. Coating de-
termined a significantly reduction of apple weight loss after 10 days storage [40]. Whereas dipping sun dried Prunus armeniaca fruits with
zein film after pre-treatment with 2.5% citric acid solution maintain the quality of intermediate moisture apricots for 10 months storage

at both 5 and 20°C with particular reference to colour modifications, microbial [41].

Respect polysaccharides, lipids especially mixed with proteins are able to produce coatings with higher mechanical and barrier prop-
erties [42]. Lipid coating is considered highly effective to block the delivery of moisture due to their low polarity. Coating formulated with
lipids are thicker and extra brittle due to their hydrophobic character however they negative affect the appearance and gloss of the coated
fruits [43]. Ochoia-Reyes,, et al. [44] reported the effect of natural wax extracted from Euphorbia antisyphilitica + ellagic acid 0.01% on
the shelf life quality and safety of “Golden Delicious” apples. Results evidenced that edible coating prevents apparent damages to the
fruits in terms of weight loss, colour, total solids content. Moreover, it is approved by the sensorial panel. Candelilla was formulated with
biocontrol bacteria was used to efficiently prolong the strawberry shelf-life and their quality. In particular, the treatment significantly
reduce damage caused by Rhizopus stolonifera [45]. A formulation of Candelilla wax blended with white mineral oil as the lipid phase
and mesquite gum as the structural material was used onto Psidium guajava fruits to retarding loss of weight and ethylene emission and

enhancing texture as compared to untreated fruits [46].
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Herein we reported only few studies of the multiple published both in foods and materials sector journals. This proves the interest in
this research topic by not only professionals but also consumers who have changed their lifestyle without renounce to consume fresh fruit
with high nutritional quality, especially if already partially processed. In the future new edible coating formulated with nano-emulsions
and nanoparticles can extend the shelf life of fruits due additional protection of those systems or by carrying active phytochemicals that

can released during the shelf-life period.

Further studies are necessary in order to identify the best coating solution for each processed fruit characterized by high sensory per-

formance and technological functionality.
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