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ABSTRACT
New technological advances in antimicrobial edible coatings for food may hold promise in extending shelf life, reducing packaging layers, meeting food safety and quality requirements. Emerging research shows polysaccharides, bacteriocins, essential oils, enzymes, proteins and lipids as natural coatings that have unrealized potential in food preservation. Recently, Aloe vera gel-based edible coating material for fruits and vegetables has caught interest among food processing industry.  Aloe vera gel has been proven one of the best edible and biologically safe preservative coatings for different types of foods because of its film-forming properties, antimicrobial actions, bio degradability and biochemical properties.
Aloe vera gel has the ability to prolong shelf life of the fruits and vegetables by minimizing the rate of transpiration and maintaining quality attributes (color, texture, flavor etc.). It has antifungal and antibacterial property which provides a defensive barrier against microbial contamination of fruits and vegetables. 
1. INTRODUCTION

Post-harvest losses of tropical fruits are a serious problem because of rapid deterioration during handling, transport and storage.  Edible coatings are thin films that improve quality of the product and can be safely eaten as part of the product and do not add unfavourable properties to the foodstuff [1].  Edible coatings provide a barrier against external elements and therefore increase shelf life by reducing gas exchange, loss of water, flavours and aroma and solute migration towards the cuticle [2]. The first kind of edible coatings were water–wax microemulsions, used since the 1930s to increase brightness and colour in fruits.
Edible coatings are thin layers of edible material applied to the product surface in addition to or as a replacement for natural protective waxy coatings and provide a barrier to moisture, oxygen and solute movement for the food [3,4]. They are applied directly on the food surface by dipping, spraying or brushing [4].
1.1
Aloe gel as edible fruit coat

Nowadays, an edible coating is made of polysaccharides, proteins and lipids and resins as well. Currently, there is an increasing interest in the use of Aloe vera gel in the food industry, being used as a source of functional foods in drinks, beverages and ice creams [5].
Recently, Adetunji et al. discover that Aloe vera gel could prolong the shelf life of citrus stored at ambient condition for seven weeks while it maintained all the good qualities of oranges [6].   Researchers from Spain have developed a gel based on Aloe vera that prolongs the conservation of fresh fruits [7]. This gel is tasteless, colorless and odorless. This natural product is a safe and environmentally friendly alternative to synthetic preservatives such as sulfur dioxide. According to the researchers, this gel operates through a combination of mechanics, forming a protective layer against the oxygen and moisture of the air and inhibiting the action of micro-organisms that cause food borne illnesses through its various antibacterial and antifungal compounds. Aloe vera gel-based edible coatings have been shown to prevent loss of moisture and firmness, control respiratory rate and maturation development, delay oxidative browning and reduce microorganism proliferation in fruits such as table grapes [8], sweet cherries [9] and nectarines [10]. 
1.2
Anti-Microbial activity
The application of Aloe gel as a food preservative is based on the premise that its antimicrobial properties have been well documented across the different groups of microorganisms.  Aloe vera gel was shown to inhibit the growth of several bacteria, Shigella flexneri, Methicillin-Resistant Staphylococcus aureus (MRSA) and Enterobacter spp.[11].  Similar results have been obtained by Habibi and group [12] that established the anti-microbial activity of the Aloe vera juice against enterobacteriacea as a microemulsion system. Acemannan, a polysaccharide component from Aloe, has been proposed to have indirect anti-viral activity through its ability to stimulate phagocytic leukocytes [13]. The anti-bacterial activity of leaves is attributed to anthraquinones [14] and acetylated mannans [15].  Extracts of leaves of Aloe have been reported to have anti-viral activity by a number of workers [16].
The main goal of this article was to critique the information available on Aloe vera gel properties, its preparation and on the use of Aloe vera gel coatings as an effective preservative to improve the safety, quality and functionality of fresh fruits.  The aim of this work was to study the effect of Aleo vera, applied as an edible coating, on the change in physicochemical parameters and shelf life of local sourced seasonal fruits, related to fruit quality in ambient storage condition.

2.
MATERIALS AND METHODS

2.1
Materials

Freshly harvested fruits such as papaya, grapes, and oranges were procured from the local market of Dehradun.  They were selected on the basis of size, color and absence of external injuries.  Fresh leaves of Aloe vera were harvested from the university campus at Swami Rama Himalayan University, Dehradun.  The surface of all the fruits was carefully washed to remove all dirt.  Mold, mildew and/or algae, if any, should be removed with a 25% hypochlorite solution (1: 3 v/v).  Each type of the fruits was divided into two sub-groups:
a. To control:  T0 was selected as the control (untreated fruits). 

b. T1 fruit was coated with Aloe vera gel.
The treated and untreated fruits were packed in small plastic baskets and each basket contained 20 fruits. The baskets were stored at ambient temperature (27±2 °C) and at 50-60% relative humidity.  Physiochemical analysis was carried out from 1-7 weeks after coating.

2.2
Preparation of Aloe vera gel

Mature leaves of Aloe vera plant was harvested and washed with a mild chlorine solution.   Aloe vera gel matrix was then separated from the outer cortex of leave and this colorless hydroparenchyma was ground in a blender.  The resulting gel was filtered using several layers of a muslin cloth to remove the fibers. The filtrate obtained constituted fresh Aloe vera gel. The gel matrix was sterilized in an autoclave at 121°C for 20 min.  The gel was cooled immediately to an ambient temperature and treated with ascorbic acid and citric acid (4.5 - 4.6gL-1) was added to maintain the pH at 4.0.  The viscosity of the stabilized Aloe vera gel and its coating efficiency was improved by using 1% commercial gelling agent and was used as coating agent.
3
RESULTS AND DISCUSSION

Each of the fruit samples was separately examined in terms of its physical characteristics and overall appearance as well as its ability to stay fresh for a longer period as compared with the control group. 

3.1
Color
Visual assessment is the first impression and a key feature in the choice of fruits. Color is one of the most important visual attributes of fruits. Aloe vera gel treatment delayed the green color loss on the fruit skin of apples stored at 2°C for 6 months.  Table grapes are rich in anthocyanin compounds, which account for their red color. The ripening process of table grapes has been correlated to the anthocyanin content [17].  At the end of cold storage (1°C, 95% RH), control fruits exhibited a redder and darker color than Aloe-treated ones, showing the aspect of overripe fruit, which is considered to be detrimental to color quality.

The modified atmosphere created by the Aloe vera gel coating material retarded the ethylene production rate, thus, delaying ripening, chlorophyll degradation, anthocyanin accumulation and carotenoid synthesis thus ultimately delaying color change of fruits [18].  Moreover, the A. vera coating imparted an attractive natural-looking sheen to table grapes [7], which was correlated to lower changes in both skin color and dehydration.  Aloe vera coated table grapes (1°C, 95% RH+ 4 days at 20°C, 90% RH) looked shiny and attractive. The coated fruits did not produce any bad odor or off-flavor.
The overall appearance of Aloe vera coated papaya fruits (25°C-29°C and 82-84% RH) were well described by Brishti et al. [19]. Aloe vera coated papaya fruits had greater retention of bright green color than the uncoated fruits, which means ripening has delayed in coated fruits. 
3.2
Firmness
Texture is a critical quality attribute in the consumer acceptability of fresh fruit and vegetables. Fruits softening considerably occur as a result of degradation of the middle lamella of cell wall.

Aloe treatment significantly reduced the firmness losses of table grapes during cold storage (1°C, 95% RH) whereas losses of >50% were detected in control grapes after 21 days of cold storage at 20°C.  Papaya treated with 100% Aloe gel and control fruits presented similar initial flesh firmness values during the storage period of eight days at 25°C-29°C and 82-84% RH. At the end of the storage, control fruits decayed faster while the coated fruits were slightly soft but did not soften significantly. This indicated that the ripening of coated fruits was delayed by delaying softening. Aloe vera gel has been proved to maintain the texture of fruit efficiently. This may be due to the effect of A. vera gel on the reduction of α-galactosidase, polygalacturonase, and pectinmethyl-esterase activities [20].
3.3
Weight Loss 

Aloe vera gel (100%) has been used to preserve papaya fruit at room temperature 25°C-29°C and 82-84% RH. All samples demonstrated a gradual loss of weight during storage. Throughout storage, the weight loss of uncoated fruit sample (To) be significantly greater than that of Aloe gel coated fruit (T1).  At the end of the storage, uncoated papaya showed 22.5 % loss in weight, whereas the weight loss of samples coated with Aloe vera gel was 7.93% [19].  An experiment has also been carried out to maintain quality and safety of table grapes by coating with Aloe vera gel in cold storage (1°C, 95%). Weight loss increased during cold storage and it was significantly greater in control (uncoated fruits) than in Aloe-coated grapes. At the end of cold storage, control fruits lost 15.51 ± 0.32%, whereas the loss of weight in Aloe-treated grapes was 8.13 ± 0.59% [21].
Apart from these, reportedly, Aloe vera gel coating has been effective in controlling water loss in pineapple, sweet cherry [9], Granny Smith and Red Chief apples [22].  Interestingly, Aloe vera gel is mostly composed of polysaccharides    [23] which is highly effective as a barrier against moisture loss without incorporation of lipid.
3.4
Total Solid content, Titratable Acidity 
Tripathi [21] reported that A. vera led to a lower increase in TSS (Total Soluble Solid) and greater TA content (Titratable Acidity) retention of coated berries, which indicated that control (To) fruits presented a more pronounced maturation development than coated berries (T1) during storage periods. In case of Aloe coated and uncoated oranges (stored at 12 ºC, 96-98%RH) there were no significant differences in TSS and TA content of fruits during storage periods. The value of ascorbic acid content for coated oranges was found to be higher than that of uncoated fruits [24].  Ascorbic acid content was observed to be higher in Aloe coated papaya fruits (86.55 mg) than the control fruits (61.10 mg) during the storage period at temperatures 25°C-29°C and 82-84% RH.

A similar result was found in Aloe gel coated nectarines [10]. This was due to low oxygen permeability of coating which delayed the deteriorative oxidation reaction of ascorbic acid content [25]. 

3.5
Decay Percentage
Decay percentage was used to observe the effectiveness of coated material on fruit in retarding fruit disease.  A.vera gel was successful in reducing microorganism proliferation in table grapes, the effect being higher for yeast and molds than for mesophillic aerobics [21]. Interestingly, the Aloe vera gel coating was effective in controlling microbial growth of ‘Starking’ cherry and ‘Crimson’ table grape without incorporation of other antimicrobial compounds such as garlic oil, potassium sorbate and nisin to increase the activity [26, 27].  In case of Aloe vera coated papaya fruits, no disease signs were observed until 1 week after the beginning of the storage period. At the end of the storage period, 100% disease incidence was observed in uncoated fruits, whereas for Aloe gel coated fruits disease incidence was only 27% [19].
3.6
Respiration Rate
The lower the respiration rate during storage the higher the shelf life of fruits and vice versa. The Aloe vera gel coating could significantly reduce the breathing rate. Ahmed et al treated ‘Arctic Snow’ nectarines with Aloe gel and stored at 20 ± 1°C to evaluate the ripening and quality attributes [10] . Initially, Aloe vera gel coated and uncoated fruit did not exhibit any significant change in respiration rate. Later, the control fruit’s respiration rate was observed to increase more rapidly and exhibited a 41% higher respiration rate compared to the Aloe vera gel coated fruit.

In case of Aloe coated table grapes (1°C, 95% RH+ 4 days at 20°C, 90% RH), a controlled respiration rate has been observed than the uncoated fruits [21].  Application of a surface coating has been reported to increase resistance of fruit skin to gas diffusion and the creation of a modified internal atmosphere [28]. The reduced respiration in Aloe vera gel coated fruit may be ascribed to the hygroscopic properties that enable the formation of a barrier to diffusion of gasses and water vapour between fruit and environment [30]. Similarly, reduced respiration rate has been observed in Aloe vera gel coated sweet cherry [9].
4.
CONCLUSION

Fruits face tremendous loss due to old-fashioned preservation practice and ignorance about the preservation strategies.  The Aloe vera gel coating has wide application value in fresh fruits, vegetables.  In fact, it can be considered as a green alternative to synthetic coatings and other postharvest chemical treatments.  Since the storage condition of fruits and vegetables is improved, more nutrients are also reserved.  The Aloe vera gel coating would have a wider prospect in the preservation of post-harvest fruits and vegetables in the future.
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